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Latest in the range of BOC Wright respi- 
rometers, this new Mark 14 has been 
designed to simplify procedures for 
measuring inspired or exhaled tical and 
minute volumes in adults and children. 

The re-designed movement and face 
presentation provides clear, precise in- 
dications of volume up to 10 litres. The 
large hand states volumes between 0-1 
litre, graduated in .05 litre increments. 
The smaller hand states volumes be- 
tween 0-10 litres and is graduated in 1 
litre increments. 

The new case incorporates 
inlet and outlet connections 
compatible with the proposed 
ISO standard 22 mm. connec- 
tions. A new set of circuit 
adaptors permits complete 
male/female sequencing as 









well as connection to 15 mm. ISO 
tracheal tube connections 

The instrument responds to gas flow 
in one direction only indicated by an 
arrow. With this guidance, it is a simple 
matter to place the respirometer in 
circuit on either the inspiratory or 
expiratory side of the patient. Circuit 
adaptors may be used if necessary to 
ensure correct sequencing of connec- 
tions. When placed in-circuit with a 
mechanical ventilator, the respirometer 

Ы is normally unaffected by 
« Pressure changes. 
~ For specifications on the 
new Mark 14 and other Wright 
respirometer models, contact 
your authorized Harris- 
Lake dealer or write to 
Harris-Lake, Inc. 


HARRIS-LAKE, INC. 
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new 
flexible 
Fiber 


Optic 
Laryngoscope 


direct vision for difficult intubations 


The first flexible fiberscope specifically for 
endotracheal intubations. 

Portable, and with its own integral lighting 
system, the Flexible Fiber Optic Laryngo- 
scope is inserted into the trachea under dir- 
ect vision. 

The articulating end-tip enables it to be 
directed into position for passage through 
the vocal cords. The scope then acts as a 
guide over which the endotracheal tube is 
passed. 

When intubation is achieved, the scope is 
withdrawn leaving the tube in place. 

Тбе complete Flexible Fiber Optic Laryngo- 
scope includes a 49 cm. flexible length, 
battery handle, 2 C cells, adjustable il- 
lumination, spare lamp and a special, foam- 
lined carrying case. 


2 . 44 x 
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integral lighting, plus fiber optics 
forever eliminate “blind” intubations 


1. Pass the flexible length through an endotracheal tube. 
The right hand controls end-tip deflection. The left hand 
introduces the scope through the nose, and advances it 
along the posterior wall of the pharynx and beyond the 
epiglottis. 

Deflect the end-tip to see the larynx. . . 

2. and pass it through the cords, into the trachea to a depth 
of about 5 cm. 

The scope provides a clear, direct view of the internal 
anatomy as it travels along the respiratory tract. 

3. When the end-tip is well in place within the trachea, 
simply advance the endotracheal tube. The scope acts as a 
stylet for the tube, making proper intubation a virtual 
certainty. 

4. Remove the scope when intubation is completed. 


malen e ж n tom e gs ee 
. 
Please rush [O product literature, О research article reprints. 1 


О | am interested also in a demonstration of the АО 
Flexible Fiberoptic Laryngoscope. 


Name 





Representing n | 


Title 





Street і 


| неран ааьан E 


Ee nn 


City, State, Zip 





b". : 


| ҸӘ? - 
| American 


Optical 
MEDICAL DIVISION 
Crosby Drive, 
Bedford, MA 01730 
617 275-0500 








National Catheter... 
we make lifelines. 





hi-lo tracheal 
tubes* 


A high volume, low pressure cuf- 
fed endotracheal tube that inflates 
with a minimum of air pressure. 
Creates a no-leak seal, usually of 
less than 25 cm. H;O; avoids 
trauma to the tracheal wall. 

Softand plianttubes have a true 
murphy tip, intubate easily. Water 
clear, the tube fogs on exhalation, 
an instant monitor of patient res- 
piratory function. May be used 
orally or nasally. 


Other trademarks of NCC: holdtite™, vari- 
form", ventrol", suture rib", versi-cath", 
maxi-flex & vac", RAE ™. 

Covered under one or more of the following 
patents, U.S. Pat. No's 3,625,793, 3,605,750, 
3,508,554, 3,610,242, and patents pending. 


TUniversity of Pittsburgh 


Ncc satin-cath * 
& gluv set 


This sterile, disposable gluv set 
has met with overwhelming 
acceptance. 

The GENTLE-FLO* catheter 
has a SATIN-SLIP SURFACE" 
that provides smooth, non-bind- 
ing insertion into an endotracheal 
tube. 

The paperbacked glove slips on 
easily, fits either hand and is easily 
removed when suctioning is 
complete. The set also contains a 
waterproof receptacle. Pull the 
marked tabs and it opens and 
locks in position, ready to use for 
the receipt of sterile water. Equip- 
ped with VACTROL" connector, 
catheter suction may be simply 
regulated from full on to off. 

Available with catheters in all 
popular sizes. Packaged in a 
sterile peel-back paper pouch— 
50 sets/box., 


pitt" trach 
speaking tube 


This speaking tube permits tra- 
cheostomy patients to converse. 
The emotional benefits are 
obvious. 

The hi-lo" cuff inflates easily to 
avoid tracheal damage. This pos- 
sibility is further removed because 
the clear tubing permits conven- 
ient bronchoscopic observation of 
the tracheal wall. The auxiliary air 
supply tube is to be connected to 
a humidified air oxygen outlet to 
achieve a speaking air flow. 

Equipped with Eross Safety 
Straps and removable spacers 
and adjustable collar, the trach 
tube is adaptable to fit any adult 
patient. The suction port, which 
may be locked, allows for suction- 
ing of the patient without remov- 
ing the respirator and introducing 
aflexiblefiberoptic bronchoscope, 
thus avoiding delays during this 
critical period. 


Manufactured with the precision medicine must demand. 


Home of the Sheridan Line of Catheters 


national 
catheter 


v Corb. 


ED 


argyle. new york 12809 





In 16 years of use in the United States, 


ке» FLUOTHANE (halothane) has been ad- 
, ministered over 100 million times in a wide 
» variety of surgical procedures. 100 million 


...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the mos} 
widely used inhalant anesthetic. 

Ina continuing program of inforrr 
tional services on anesthesiology, Ay 
provides printed and audiovisual aic 
reflecting the opinions and experie 
recognized authorities in the field 
include the highly regarded seri 
Anesthesia Rounds and Clinica 
Anesthesiology, as well as sev, 
educational value—all availaj 


.FIUOTHANE catotx 
m= OVER 100 MILLI 
ADMINISTRATIO 


e nonflammable, nonexplosi 
e permits use of high concen 
oxygen 

e allows free use of cautery for i 
adequate control of bleeding 

e minimal odor facilitates smooth, rapi 
induction, reduces patient distress 

e early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 

e lessens airway problems 

e permits rapid adjustment of depth of 

anesthesia 

e emergence is rapid and tranquil with 

quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
recovery room stay 



























> A st See last page of advertisement 
*| for prescribing information 


(12) 7 


FLUOTHANE 


brand of halothane 
. the most widely used 
inhalant anesthetic 


from 


r precision, experience, 
quality, and service 

































ete text of peckage circular.) 

ion. FLUOTHANE, brand of halo- 
an inhalation anesthetic. It is 
-chloro-1, 1, 1-trifluoroethane 
following structural formula: 


Br 





r coefficient is 220 at 
centrations within anes- 
nonirritating and have a 
LUOTHANE is nonflam- 
pors mixed with oxygen 


does not decompose in 
rm soda lime. When mois- 
, the vapor attacks alumi- 
nd lead, but not copper. 
s soluble in rubber, some 
imilar materials; such ma- 
teriora:e rapidly in contact 
'ANE vapor or liquid. Stabil- 
ANE is maintained by the 
1 per cent thymol (w/w), 
in amber colored bottles. 
E should not be kept indefi- 
porizing bottles not specifically 
d for its use. It is recommended 
vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or tc wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 


ANESTHESIA and ANALGESIA . . 


rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachyprea with reduced tidal volume 
and alveoler ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acicosis, or apnea may develop 
during dee» anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. -LUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes tne myocardial conduction sys- 
tem to the action of epinephrine and 
norepineparine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants аге used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relexant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed bv fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximatiom of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage. i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not ee used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 
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FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should, be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide (usually in a 50:50 ratio). 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized witn 0.01% thymol (w/w). 
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AYERST LABORATORIES 
New York, N.Y. 10017 
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EMERS ON 
IMV| Ventilator 


Intermittent Mandatory Ventilation 


Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 


Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to “take over". The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.' 


At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses аге slight. If synchronization is less than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO; 
rise, as noted by Kirby and associates.’ 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs of neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 


Hyperventilation (often used to suppress $ pontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hy pocarbia.’ Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 


All of these pit-falls can be avoided by using continuous-flow IMV. 


Please request Form 3-MV. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 





Uncommon 
Endotracheal Tubes 
From The Most Commonly 


Known Name In Anesthesia 


Now ћеге'ѕ а disposable endo tube 
worthy of the OHIO name! 

Uncuffed, or with anatomically 
designed cuffs for a gentle seal. Clear 
tubes, Murphy eye, radiopaque tips, 
depth markings. And a unique inflation 
and pilot balloon assembly. 


OHIO now makes a wide range of 
sizes. Each tube, sterile packed, for one- 
patient use. 

It's common knowledge that OHIO is 
the leader in anesthesia equipment. A 
dependable supplier of inhalation agents 
and medical gases. 


Now, watch us move ahead in 
disposables. Endo tubes, an anesthesia 
breathing circuit, filters, masks, airways, 
suction valves, catheters, tubing . . . And 
more coming. With many distribution and 
delivery facilities to keep you supplied. 

Write for Catalog # 2604. Or contact 
your OHIO representative about 
disposables. For the common good of 
you and your patients. 


ШШ Medical Products 


P. O. Box 1319, Dept. A&A 
3030 Airco Drive 
Madison, Wisconsin 53701 


Anco: 
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JACKSON-REES MODIFICATION OF 
AYRE’S T-PIECE 


as used by leading children’s hospitals 


This Infant’s Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There are no valves 

to go wrong, or cause added resistance. Dead space has 
been cut to an absolute minimum. Only seconds required 
to change from Mask to Intubation Setup. 











Standard 15mm апа 7%” Mask Tapers 


330ES 






Gas Machine 
Ee -*— Fresh Gas 





opens 





330-15S 
TO RECEIVE THE FOLLOWING LIST — 
QUOTE NUMBER 330-15 HFSC 


1 of 330ES .75 It. R/B Bag c/w End Plug 
1 of 330-15L 15mm Bag Mount 
1 of 330-15D Corrugated tube 11” long c/w 15mm 
mounts 
1 of 330-15S 15mm Catheter Mount c/w fresh gas 
А; inlet 
> 1 of 3301 Fresh Gas Feed Tube 
73. 1 of 620-15 Magill Oral 15mm Connector Size 4.0 
1 of 7001M Lightweight Facepiece Angle 
332-F 1 of 332E Rendell-Baker-Soucek Mask Size 1 


RECOMMENDED BUT NOT INCLUDED 
6 (1 each) 330CF Foregger Coles Tubes 8 to 18 F.G. 


° 1 No. 332F Rendell-Baker-Soucek Mask Size 2 
We recommend you purchase a 330LC 1 No. 332L Rendell-Baker-Soucek Mask Size 3 
Leather Case to store this equipment 1 330LC Leather Case 


— prevents loss or damage. 1 of 330-15D Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTRIAL EQUIPMENT 


A division of Claudius Ash Incorporated 
655 - 73rd Street, Niagara Falls, New York 14304 


SEND FOR COMPLETE LITERATURE 


ANECTINE 
(succinylcholine chloride) 


For controlled muscle relaxation 
adjunctive to anesthesia: 


 FIOPACK for 
prolonged relaxation 


: instant-mix sterile powder interfaces with all 
major parenteral systems 
. (vacuum or nonvacuum) 


` each unit complete— no needle or syringe 
needed 


: retains potency indefinitely.” 
= no refrigeration required 


- unbreakable, sterile plastic injection 
& units of 500 and 4,000 mg 


INJECTION for 
short-term relaxation 


: à product of Choice for intubation 
and other short procedures 


- unique square bottle and brightyellow 
label fór positive identification 


: ready for immediate use 

- 20 mg per cc... in40 cc multidose vials ` 
- flip-top cap for easy opening 

"single or multiple use 












E 
(succinylcholine chloride) 


THE LONG AND SHORT of 
surgical muscle relaxation 





THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 
CHARACTERISTICS AND HAZARDS 
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DESCRIPTION: Anectine brand Si 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di-qua 


WARNINGS 
а 


ccinyicholine 





ary base consisting of the di-chloride salt of 


the di-choline ester of succinic acid. It is a white 
odoriess, slightly bitter powder and very soluble 
in water The drug is unstable with alkaline solu 


s. but relatively stable in acid solutions 


depending upon the concentration of the solu 


andthe storage temperature. While solutions 


of succinylcholine chloride are sterilized by 
autociaving. they should, nevertheless, be stored 
under refrigeration to preserve their potency 


ICATIONS: Succinylcholine chloride is indi 


cated as an adjunct to anesthesia to induce 
skeletal muscle relaxation !! may be employed 
to reduce the intensity of muscle contractions 
of pharmocologically o 
convulsions 


r electrically induced 


NTRAINDICATIONS: Succinyicholine is 


contraindicated for persons with a known hyper 


sitivity to the drug 








WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN THE 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, 
INCLUDING THE ADMINISTRATION OF 
OXYGEN UNDER POSITIVE PRESSURE AND 
THE ELIMINATION OF CARBON DIOXIDE.. 
THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION 

















































ven 


mix 


cin 


ant: 
cia 


ad 


a 


© 


Suc сїпүїс! 
short-acting barbiturates in the same syringe 
or administered simultaneously 


lions of suc 
whereas those of barbiturates are alkaline in 
reaction. Depending upon the resultant pH of a 


or apr 
Low levels of plasma cholinesterase may oc 
іп patients with severe liver disease or сіпћоѕіѕ 
Severe anemia. malnutrition, severe dehydra- 
"ion. changes in body temperature. exposure 
Jo neurotoxic insecticides or those receiving 
*entimalarat drugs. Succinyicholine should be 
Sinistered with extreme care to such patients 
d dosage shouid be minimal. If iow plasma 
olinesterase activity is suspected. a small 


holine should not be > mixed with 


during intra 
vous infusion through the same needle 
inylcholine have an acid pH 


Solu 





ture of solutions of these drugs. either free 


barbituric acid may be precipitated or suc 


vicholine hydrolyzed 


Usage in Pregnancy The safe use of succin 
yicholine has not been establis 
fo the possibile adver: 
opment Therefore, it should not be used in 
women of childbearing potential and particu 
larly during early pregnancy unless in the judg 
ment of the physician the potential benefits 
Outweigh the unknown hazards 


PRECAUTIONS: Low levels of. or abnormal vari 








ffects upon fetal devel 


Is of plasma cholinesterase may be asso 
ted with protonged respiratory depression 
foliowing the use of succinylcholine 


9556 of from 5 to 10 mg of succinylcholine 
{ be administered, or relaxation may be 
iced by the cautious administration of a 


% solution of the drug by intravenous drip 


which either inhibit plasma cholinesterase 
a neostigmine or phospholine iodide. or 
with succinylcholine for the enzyme 
intravenous procaine, should not be 
concurentiy with succinylcholine 


with respect 


cur 


Succinylcholine should be administered witt 
great caution to patients with severe burns, 
those recovering from severe trauma. those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have been dig 
talized recently or who may have digitclis tox- 
icity as serious cardiac amhythmias or cardiac 
arrest may result. Grec! caution should be 
observed also in patients with pre-existing 
hyperkalemia or who are paraplegic. have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease, 
as such patients tend to become severely 
hyperkalemic when succinyicholine is given 

When succinylcholine is given over a pro 
longed period of time, the characteristic 
depolarization block of the myoneural junctio! 
may change to a non-depolarizing block 
which results in prolonged respiratory denres- 
sion or apnea. Under such circumstances. smc 
repeated doses of neostigmine may possibly 
act as an antagonist. A peripheral nerve stimt 
lator (e.g. the Wellcome Peripheral Nerve Stim 
lator) may be used to ascertain the type of 
neuromuscular blockade. If a depolarization 
block is present bcth fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus 
tained, and post-tetanic facilitation is absent 
If a non-depoiarizing block is present there is 
post-tetanic facilitation and “fade” of succes 
sive stimuli on both fast (tetanic) and slow 
(twitch) rates of nerve stimulation 

Succinylcholine should be used with cautio 
during ocular surgery and in patients wit 
glaucoma. The drug should be employed wit 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cau! 
additional trauma. Musc! sciculafions and 
hyperkalemia may be reduced by adminis 
tering a small dose of a non-depolanzing rela 
ant. If other relaxants are to be used during th: 
same procedure, the possibility of a synergisti 
or antagonistic effect should be considered 

During the past few years, reports have calle 
attention to a fulminant syndrome, malignant 
hyperthermia, observed during anesthesia Its 
etiology is notfully understood. Malignant hype 
thermia occurs in genetically prone individua 
of all ages and botn sexes receiving potent 
anesthetics such as halothane. methoxyfluo 
thane, cyclopropane and diethyl ether. It 
appears to develop irrespective of the con 
comitant use of a muscle relaxant. bul. may b 
triggered by succinylcholine. Because of the 
seriousness of this syndrome and the need fo! 
early effective treatment of the patient, it is sur 
gested that the continuous monitoring of the 
temperature will serve as an aid to the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's pha 
macological actions. Profound and prolonge 
muscle relaxation may occur, resulting in respir 
tory depression to the point of apnea. Hyper 
sensitivity to the drug may exist in rare instance 

The following adverse reactions have been 
reporled. bradycardia, tachycardia, hyper 
tension. hypotension. arrhythmias, cardiac 
arrest. prolonged respirctory depression ог 
apnea, hyperthermia, increased intraocular 
pressure, muscle fasciculation, postoperative 
muscle pain. myoglobinemia and excessive 
salivation 


MANAGEMENT OF ADVERSE REACTIONS 
Apnea or prolonged muscle paralysis should 
be treated with controlled respiration 

The use of neostigmine to reverse a non 
depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinical pharmacology and the ех 
perience and judgment of the clinician, Whe 
neostigmine is used atropine should also be 
administered 


SUPPLIED: Injection. Multi-dose vials, 20 mg сс 
40 cc. boxes of 12 vials. Flo-Pack® Sterile 
Powder 500 mg and 1.000 mg. boxes of 12 


Complete literature available on request 
from Professional Services Dept. PML 


» / 


Wellcome / 











‘ Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 


Introducing 
the most complete monitor capability 


in a single compact instrument. 





TEKTRONIX” 


PRESSURE/PULSE 
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2 T 414 MONITOR 


NEW 
Tektronix 414, Portable Patient Monitor 


ECG. Temperature. Arterial, venous or pulmonary wedge pressure. Peripheral .. 
pulse. Only Tektronix 414 offers every feature for monitoring these vital signs— / 
all neatly packaged in a single, portable unit. For increased accuracy and 
convenience, the 414 gives digital readout of heart rate, systolic/diastolic blood 
pressures, mean blood pressure, or temperature. Rate alarm limits are also set 
digitally. 
And because the 414 permits cordless (battery) operation, it can be as easily 
used for cardiac catheterization as for surgery and recovery. Weight of 
a fully equipped 414 is approximately 12 Ibs. 
For more information or a demonstration of any of Tektronix 
Portable Patient Monitors in your facility, please write to 
Tektronix, Inc., P.O. Box 500, Beaverton, Oregon 97077. 
Or call collect: (503) 644-0161, extension 6510. 


TEKTRONI»C 


committed to . 
technical excellence , · 
e 3 | 


Excellence in 
\ Patient Monitoring 
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The FOREGGER 710 ) 
Anesthesia Control Center. 


Unlike Anything 


You've Ever Seen. 


Think of what it is like using a typical anes- 
thesia machine. Now, look at the new 
FOREGGER 710 Anesthesia Contre! Cen- 
ter. Notice the completeness, compact- 
ness, accessibility and visibility of the 
components. Everything is in one place, 
within reach. ..without dangling wires and 
add-on components. That's why we call 
itthe FOREGGER 710 Anesthesia Control 
Center. 


Unlike existing anesthesia machines, the 
FOREGGER 710 Anesthesia Control Cen- 
ter is human engineered. The design 
revolves around you. All of the controls 
for both fixed and movable components 
are operated from a comfortable, working 
position. And this ease of control is com- 
plemented by the latest innovations in 
anesthesia equipment design. 


Take, for instance, the unique rotating 
Vaporizer Turret. Itaccommodates up to 
three vaporizers, including the Foregger 
Copper Kettle? Vaporizer and Foregger 
Direct Reading Vaporizers. When the 
Turret is locked into place, there is no 
doubt which vaporizer is in circuit. Pos- 
sible contamination from anesthetic 
agents contained in the other vapcrizers 
is eliminated. 


Then there are the Direct Reading Vapor- 
izers designed for the administration of a 
specific liquid anesthetic, over a wide 
range of temperatures and flow rates. The 
Copper Kettle Vaporizer, on the cther 
hand, affords you constant and precise 
control in both increments and decre- 
ments, while providing simple and accu- 
rate administration of an anesthetic agent. 
There's also a built-in Anesthesia Ventila- 
tor that features fluidic circuitry, inde- 
pendent controls, and a mode selector 
Switch that enables you to transfer from 


NP, 


ventilator to bag without changing tubes 
or adjusting the pressure relief valve. It 
gives you the convenience of easy read- 
outs and the efficiency of direct control. 
And it's easy to clean. 


Storage is human-engineered too! Cabi- 
netry in the new FOREGGER 710 Anes- 
thesia Control Center combines linear 
designed storage with easy accessibility 
and large capacity. 


The Monitoring System, which provides 

a wide range of physiological monitoring 
capability, is located where you need it 
during procedures. Easy to see and reach, 
it includes a physiological monitor (ECG, 
EEG, temperature, pulse rate, and pres- 
sure), an Oxygen Analyzer, Ventilator 
Disconnect Alarm, and an Elapsed Timer. 


In addition, the FOREGGER 710 Anes- 
thesia Control Center has a built-in 
Oxygen Start, which automatically shuts 
off all other gases when the oxygen flow 
is reduced to a predetermined level. Plus, 
four parallel accessory tracks to mount 
and adjust FOREGGER 710 Anesthesia 
Control Center accessories. А! of which 
add another dimension to overall 
flexibility. 

And that's where you should place the 
new FOREGGER 710 Anesthesia Control 
Center. Over all. In capabilities. Flexibili- 
ties. And human engineering. Take a look 
atits other unlike features and we think 
you'll agree... The FOREGGER 710 Anes- 
thesia Control Center is unlike anything 


* you have seen before. For more informa- 


tion about what human engineering with 
everything in one place can mean to you, 
fill out and return the attached card. 


With FOREGGER-It's The Unlikely Things 
About Us That You'll Like. 




















. Physiological 
Monitor 

. Ventilator Alarm 

. Elapsed Timer 

. Oxygen Analyzer 

. Accessory Tracks 

. Vaporizer Turret 

. Writing/ Record 

Table 


8. Suction Canister and 
Regulator 
9. Storage Section 
10. Gas Evacuator 
11. Hospital Pipeline Inlet 
Pressure Gauges 





12. Oxygen Flush 

13. Reserve Cylinder 
Pressure Gauges 

14. Absorber 

15. Sphygmomanometer 

16. Oxygen Start 

17. Color-Coded 
Flowmeters 

18. Anesthesia Ventilator 


| 
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Everything Built-In, Not Added-On. 


1) Built-In Ventilator 6) Patient Monitoring Console 

2) Vaporizer Turret a) ECG, EEG, Temperature, 

3) Deep-Dish Storage Pulse Rate, Pressures 

4) Oxygen Start b) Ventilator Disconnect Alarm 
5) Accessory Tracks C) Elapsed Timer 


d) Oxygen Analyzer 





OO mzcro< r»o-4a 


Safety Features 


Incorpcrates many of the latest safety 
standards as recommended by the Z-79/CGA 


Service from one source 


Vaporizer Turret 

Oxygen Analyzer 

Ventilator Disconnect Alarm 

Patient Monitoring 

Low Pressure Guardian? System 

Human engineered for optimal 
accessibility and visibility of components 





Efficien: Gas Evacuator € 


A At Products Oxygen Start System 
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. PEOPLE AND PLACES 


“Anesthesia and the Respiratory System” is the title of the Fourth Annual 
Anesthesiology Review Course to be held February 28-29, 1976, by the Depart- 
ment of Anesthesiology and the Division of Continuing Medical Education of the 
University of Alabama in Birmingham with the co-sponsorship of the Alabama 
State Society of Anesthesiologists. 


This Review Course is designed to survey concepts in the management of 
respiratory problems likely to be encountered in anesthetic practice. The program 
is clinically oriented in its entirety. 


On Friday, February 27, and Monday, March 1, 1976, arrangements have been 
made for participants in the Review Course to observe anesthetic procedures, 
respirator demonstrations, nerve blocks, etc., at the UAB Medical Center. There 
will also be an opportunity for group discussions. 


x For more information, write to: Review Course, c/o Department of Anesthe- 
siology, University of Alabama Medical Center, University Station, Birmingham, 
Alabama 35294. 


* * ж 


The First Annual Vail Conference in Respiratory Therapy sponsored by the 
Department of Anesthesiology, University of Miami, Miami, Florida, will be held 
at the Lion Square Lodge in Vail, Colorado, February 28 - March 6, 1976. 


ЕУ Ж * 


The Obstetric Anaesthetists’ Association in the United Kingdom will hold 
their next meeting in the University of Nottingham on March 26, 1976. Dr. B. A. 
Waldron, Consultant Anaesthetist, Nottingham City Hospital, Hucknall Road, 
Nottingham, will be the host for this meeting. 


Their following meeting will be on September 24, 1976, in the University of 
South Manchester. All people wishing to present a paper at the Manchester 
meeting should write to Dr. Valerie Hey, Withington Hospital, West Didsbury, 
Manchester, before May 1, 1976. 


* * * 


The Connecticut State Society of Anesthesiologists will present the 9th Bien- 
nial Connecticut Postgraduate Seminar in Anesthesiology at the Hunt Memorial 
Auditorium of the Hartford Medical Society Building, 230 Scarborough Street in 
Hartford, Connecticut, on Friday, May 7, and Saturday, May 8, 1976. The subject 
is *Clinical Problems in Anesthesia." Details may be obtained from James C 
Rouman, MD, Chairman, Postgraduate Education Committee, 85 Jefferson Street, 
Suite 407, Hartford, Connecticut 06106. 


Dr. M. Digby Leigh, a long-time friend of many of us, died September 5, 1975, 
in Palm Springs, California. Doctor Leigh was certified in Anaesthesia by the 
Royal College of Physicians, Canada, and by the American Board of Anesthesi- 
ology. He was the chief author of two editions of Pediatric Anesthesiology, 1948 
« апа 1960, and of numerous articles. He devised several pieces of anesthetic equip- 
ment, most notably the non-rebreathing valve and the infant circle filter. His 
students and associates knew him as a superb teacher and shrewd clinician, as 
:X - wellasan inspiring and demanding, but very much respected and admired “Chief.” 
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SUBLIMAZE” (fentanyl) Within 5 minutes L.V., Within 30 to 60 minutes 1.У., 
has a uniquely short duration SUBLIMAZE “(#епгапу1) reaches the analgesic effect of 

of analgesic action — for more its peak analgesic effect. SUBLIMAZE" (fentanyl) is 
precise control and minimal risk almost completely dissipated. t 
of prolonged narcotic effects. 


t Respiratory depressant effects may last longer than the analgesia and are increased and prolonged with large 


doses, multiple doses or use of postoperative narcotic analgesics. 
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... For potent 


narcotic analgesic 
action with rapid onse 


and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 

SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR 
injection* has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 

SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection? 


*INNOVAR injection is composed of a 50:1 mixture of 


droperidol 2.5 mg./cc. and fentanyl 0.05 mg./cc., with 
lactic acid for adjustment of pH to 3.5 =0.3 


INNOVAR " injection and 

SUBLIMAZE “ (fentanyl) injection are available 
for use only upon direction of a physician 

For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions for 
SUBLIMAZE fentanyl, please turn page 


© McNeil Laboratories, Inc.. 1974 


SUBLIMAZE ‘ (fentanyl) offers: 

С] Almost immediate analgesia— peak effect 
within 5 minutes LV., 8 minutes L.M. 

О Short duration of analgesic action — 30 to 

60 minutes with a single I. V. dose of up to 

0.1 mg. (Respiratory depressant effects may last 
onger than the analgesia and are increased and 
prolonged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 





O No evidence of liver, heart, or kidney tox- 
icity —expecially valuable in poor-risk patients. 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor- 
risk patients. 

0 Immediate reversibility by narcotic 
antagonists. 

O Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

O Minimal emetic effect — has been used 
successfully to prepare nonfasting patients 

for awake intubation. 

0 Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE € 


(fentanyl) injection 


0.05 mg./cc. as the citrate. 
Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0 —7.5 


SUBLIMAZE ( 
(fentanyl) injection 


Description 
Each cc. contains: 

Fentanyl as the сіїгаіе........ 

Warning — May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0-7.5 
FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic w:th ac- 
tions qualitatively similar to those of morphine and meperidine. 
SUBLIMAZE fentanyl in a dose of O.1 mg. (2.0 cc.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of 
meperidine. The principal actions of therapeutic value are analge- 
Sia and sedation. Alterations in respiratory rate and alveolar 
ventilation, associated with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater. Large doses 
may produce apnea. SUBLIMAZE fentanyl appears to have less 
emetic activity than other narcotic analgesics. Histamine essays 
and skin wheal testing in man, as well as in vivo testing in dogs, 
nace that histamine release rarely occurs with SUBLIMAZE 

entanyl. 

SUBLIMAZE fentanyl may cause muscle rigidity, particularly 
involving the muscles of respiration. It may also produce other 
Signs and symptoms characteristic of narcotic analgesics includ- 
ing euphoria, miosis, bradycardia, and bronchoconstriction 

The onset of action of SUBLIMAZE fentanyl is almost imme- 
diate when the drug is given intravenously; however. maximal 
analgesic and respiratory depressant effect may not be noted for 
Several minutes. The average duration of action of the analgesic 
effectis 30 to 60 minutes. Following intramuscular administration. 
the onset of action is from seven to eight minutes, and the duration 
of action is from one to two hours 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect. 

Indications SUBLIMAZE fentanyl is indicated: 

—for analgesic action of short duration during the anesthetic 
periods, premedication, induction, and maintenance, and in the 
immediate postoperative period (recovery room) as the need 
arises. 

—for use as a narcotic analgesic supplementin general or recional 
anesthesia. 

—for administration with a neuroleptic such as INAPSINE* (dro- 
peridol) injection as an anesthetic premedication, for the induction 
of anesthesia and as an adjunct in the maintenance of genere! and 
regional anesthesia. 

Contraindications SUBLIMAZE fentanyl is contraindicated in 
patients who are hypersensitive to the drug. 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC 
A eT SHOULD BE READILY AVAILABLE TO MANAGE 

NEA. 

If SUBLIMAZE fentanyl is administered with a tranquillizer 
such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and other countermeasures to manage hypotersion 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE fentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner before ordering 
narcotic analgesics during recovery from anesthesia. It is recom- 
mended that narcotics, when required, should be used inredvced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patient's con- 
dition may be required to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyl 
Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused. 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received MAO inaibi- 
tors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients who may be 
particularly susceptible to respiratory depression, such as ccma- 
tose patients who may have a head injury or brain tumor In 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 
patients with head injury 

Usage in Children: The safety of SUBLIMAZE fentanyl in chilcren 
younger than two years of age has not been established 


Usage in Pregnancy: The safe use of SUBLIMAZE fentanyl has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, in the judgmentof the physician, 
the potential benefits outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects: 
үре бе, safety for the infant in obstetrics has not been estab- 
ished. 

Precautions The initial dose of SUBLIMAZE fentanyl should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. 


0.05 mg. 


Certain forms of conduction anesthesia, such as spinal anes- 
thesia and some peridural anesthetics, can alter respiration by 
blocking intercostal nerves Through other mechanisms (see Ac- 
tions) SUBLIMAZE fentanyl can also alter respiration. When 
SUBLIMAZE fentanyl is used to supplement these forms of anes- 
thesia, the anesthetist should be familiar with the Physiological 
alterations involved, and be prepared to manage them in the 


patients selected for these forms of anesthesia. When used witha ; 
tranquilizer such as INAPSINE droperidol, blood pressure may be¢ 


altered and hypotension can occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patients 
with chronic obstructive pulmonary disease, patients with de- 
creased respiratory reserve, and others with potentially compro- 
mised respiration. In such patients, Narcotics may additionally 
decrease respiratory drive and increase airway resistance. During 
anesthesia, this can be managed by assisted or controlled respira- 
tion. Postoperatively, respiratory depression caused by narcotic 
analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine, and naloxone: consult individual prescribing informa- 
tion before using). Should respiration be compromised by muscle 
rigidity, assisted or controlled respiration and possibly a neuro- 
muscular blocking agent will be required. The occurrence of 
muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

When a tranquilizer such as INAPSINE droperidol is used with 
SUBLIMAZE fentanyl, pulmonary arterial pressure may be de- 
creased. This fact should be considered by those who conduct 
diagnostic and surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) will have additive or potentiat- 
ing effects with SUBLIMAZE fentanyl. When patients have re- 
ceived such drugs, the dose of SUBLIMAZE fentanyl required will 
be less than usual. Likewise, following administration of 
SUBLIMAZE fentanyl the dose of other CNS depressant drugs 
should be reduced 

SUBLIMAZE fentanyl should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE fentanyl may produce bradycardia, which may 
be treated with atropine; however, SUBLIMAZE fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE fentanyl is used with a tranquilizer such as 
INAPSINE droperidol, hypotension can occur. If this occurs the 
possibility of hypovolemia should also be considered and man- 
aged with appropriate parenteral fluid therapy. Repositioning the 


patient to improve venous return to the heart should be соп-, * 


sidered when operative conditions permit. Care should be exer- 
cised in moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with 
fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be 
considered. Because of the alpha-adrenergic blocking action of 
INAPSINE droperidol, epinephrine may paradoxically decrease 
the blood pressure in patients treated with INAPSINE droperidol. 
Adverse Reactions As with other narcotic analgesics, the most 
common serious adverse reactions reported to occur with 
SUBLIMAZE fentanyl are respiratory depression, apnea, muscu- 
lar rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hypo- 
tension, dizziness, blurred vision, nausea, emesis, laryngospasm, 
and diaphoresis 

When a tranquilizer such as INAPSINE droperidol is used with 
SUBLIMAZE fentanyl, the following adverse reactions can occur: 
chills and/or shivering, restlessness, and postoperative hallucina- 
tory episodes (sometimes associated with transient periods of 
mental depression); extrapyramidal symptoms (dystonia, akathi< 
sia. and oculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur extrapyramidal symptoms can 
usually be controlled with antiparkinson agents. Postoperative 
drowsiness is also frequently reported following the use of 
INAPSINE droperidol 
Overdosage Manifestations: The manifestations of SUBLIMAZE 
fentanyl overdosage are an extension of its pharmacologic actions. 
Treatment: In the presence of hypoventilation or apnea, Oxygen 
should be administered and respiration should be assisted or 
controlled as indicated. A patent airway must be maintained; an 
oropharyngeal airway or endotracheal tube might be indicated. If 
depressed respiration is associated with muscular rigidity, an 
intravenous neuromuscular blocking agent might be required to 
facilitate assisted or controlled respiration. The patient should be 
carefully observed for 24 hours; body warmth and adequate fluid 
intak@ should be maintained. If hyootension occurs and is severe 
or persists, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. A specific 
narcotic antagonist such as nalorphine, levallorphan, or naloxone 
should be available for use as indicated to manage respiratory 
depression. This does not preclude the use of more immediate 
countermeasures. Consult the package insert for the individual 
narcotic antagonists for details about use. 
How Supplied SUBLIMAZE* (fentanyl) injection is supplied in 2 
cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuls, in 
packages of 12. 


IMPORTANT: Complete dosage information is available in insert 


which accompanies each package (or on request). The drug is avail- * 


able only upon direction of a physician. 
U.S. Patent No. 3,164,600 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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VAPORIZER 






~ 


ANESTHESIA 
MACHINE 


үтте 


VAPOR VAPORIZER — Outstanding accuracy at 


flow rates ranging from 0.3 1/ тіп. to 12 1/ тіп. Back esi? r^ 
pressure compensated. Available for Halothane, pnest ones 
Enflurane, Methoxyflurane & Ether. cce? 


NARKOTEST-M ANESTHESIA ANALYZER —Fits 
all current anesthesia absorbers or can be mounted 
on a portable stand. Provides in-line continuous < 
reading of inspired Halothane concentrations. The d 

NARKOTEST can also be used to measure expira- ~y 
tory values of various anesthetic agents. 4 






ANESTHESIA 
ANALYZER 


MINUTE VOLUMETER 2000 — Measures both 
minute volume and tidal volume. A built-in timer 
will actuate the measuring mechanism for one 
minute and store the result until cancelled, or the 
unit can be used to continuously measure tidal 
volumes. Moisture or the composition of measured 


gas will not affect the unit. It can be mounted on NORTH AMERICAN DRAGER 
most anesthesia absorbers and ventilators, or used 
P.O. Box 121 


portably. 
NARKOMED ANESTHESIA MACHINE — A Telford, Pa. 18969 
Please send information on 


refreshing new dimension in anesthesia design and 
styling — NARKOMED — a modular anesthesia 
breathing system designed to include the widest 
variety of options. ы 






Include copy of new Anesthesia Accessories 


Catalog. (Coupon copy) 


NAME ——————— 


NORTH AMERICAN DRAGER 


prp] GR RUM M AL LLL 
HOSPITAL n 


ADDRESS n _  _ _ _  — 


TELFORD, PENNSYLVANIA 18969 


TELEPHONE: 215-723-9824 


STATE ZIP 
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ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (ealabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholimergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 


Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene. dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg.per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 

Greene, L. T.: Physostigmine treatment of anti- 
cholinergic drug depression in postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 
antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 


DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE 
(Elavil, Triavil, 
Etrafon) 
ANISOTROPINE 
METHYLBROMIDE 
ATROPINE 
BELLADONNA 
BENACTYZINE 
CHLORPHENIRAMINE 
CYCLOPENTOLATE 


DESIPRAMINE 
(Norpramin, 
Pertofrane) 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 
HYOSCYAMUS 
IMIPRAMINE 

(Tofranil, Presamine) 
ISOPROPAMIDE 
MEPENZOLATE 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Aventyl) 
PIPENZOLATE 
BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
(Mellaril) 


O'NEAL, JONES & FELDMAN, INC. 


1304 ASHBY ROAD • 


ST. LOUIS, MISSOURI 63132 e 


(314) 997-6650 


Injectable 
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* Talwin® 
Brand of pentazocine (as lactate) 
Analgesic for Parenteral Use 





Ampuls: 30 mg. (1 mi), 45 mg. 
(1% ml.), and 60 mg. (2 mi.) 
Vials: (10 mi.) зо mg./mi. 

30 mg. for 1.У., I.M., or S.C. use 

45 mg. for I.M. or S.C. use 

60 mg. tor I.M. or S.C. use 
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Indications: For the relief of moderate to 
Severe pain. Talwin may also be used for 
preoperative or preanesthetic medication 
and as a supplement to surgical anesthesia. 
Contraindication: Talwin should not be ad- 
ministered to patients who are hypersensi- 
tive to it. 

Warnings: Drug Dependence. Special care 
should be exercised in prescribing pentaz- 
ocine for emotionally unstable patients and 
for those with a history of drug misuse. 
Such patients should be closely supervised 
when long-term therapy is contemplated. 
There have been instances of psychological 
and physical dependence on Talwin in pa- 
tients with such a history and, rarely, in 
patients without such a history. Abrupt dis- 
continuance following the extended use of 
parenteral Talwin has resulted in symptoms 
such as abdominal cramps, elevated tem- 
perature, rhinorrhea, restlessness, anxiety, 
and lacrimation. Even when these occurred, 
discontinuance has been accomplished with 
minimal difficulty. In the rare patient in 
whom more than minor difficulty has been 
encountered, reinstitution of parenteral 
Talwin with gradual withdrawal has amelio- 
rated the patient's symptoms. Substituting 
methadone or other narcotics for Talwin in 
the treatment of the Talwin abstinence syn- 
drome should be avoided. 

In prescribing parenteral Talwin for chronic 
use, particularly if the drug is to be self-ad- 
ministered, the physician should take pre- 
cautions to avoid increases in dose and 
frequency of injection by the patient and to 
prevent the use of the drug in anticipation 
of pain rather than for the relief of pain. 

Just as with all medication, the oral form of 
Talwin is preterable for chronic administra- 
tion. 

Head Injury and Increased Intracranial 
Pressure. The respiratory depressant effects 
of Talwin and its potential for elevating 
cerebrospinal fluid pressure may be mark- 
edly exaggerated in the presence of head 
injury, other intracranial lesions, or a pre- 
existing increase in intracranial pressure. 
Furthermore, Talwin can produce effects 
which may obscure the clinical course of 
patients with head injuries. In such patients, 
Talwin must be used with extreme caution 
and only if its use is deemed essential. 
Usage in Pregnancy. Safe use of Talwin 
during pregnancy (other than labor) has not 
been established. Animal reproduction 
studies have not demonstrated teratogenic 
or embryotoxic effects. However, Talwin 
should be administered to pregnant patients 
(other than labor) only when, in the judg- 
ment of the physician, the potential benefits 
outweigh the possible hazards. Patients re- 
ceiving Talwin during labor have experi- 
enced no adverse effects other than those 
that occur with commonly used analgesics. 
Talwin should be used with caution in women 
delivering premature infants. 

Acute CNS Manifestations. Patients receiv- 
ing therapeutic doses of Talwin have ex- 
perienced, in rare instances, hallucinations 
(usually visual), disorientation, and confu- 
sion which have cleared spontaneously 
within a period of hours. The mechanism of 
this reaction is not known. Such patients 


The alternative 
to opiates. 


Injectable 


should be very closely observed and vital 
signs checked. If the drug is reinstituted it 
should be done with caution since the acute 
CNS manifestations may recur. 

Usage in Children. Because clinical experi- 


*ence in children under twelve years of age 


is limited, the use of Talwin in this age 
group is not recommended. 

Ambulatory Patients. Since sedation, dizzi- 
ness, and occasional euphoria have been 
noted, ambulatory patients should be warned 
not to operate machinery, drive Cars, or un- 
necessarily expose themselves to hazards. 
Precautions: Certain Respiratory Conditions. 
The possibility that Talwin may Cause respi- 
ratory depression should be considered in 
treatment of patients with bronchial asthma. 
Talwin should be administered only with 
caution and in low dosage to patients with 
respiratory cepression (e.g., from other 
medication, wremia, or severe infection), 
severely limited respiratory reserve, ob- 
Structive respiratory conditions, or cyanosis. 
Impaired Reral or Hepatic Function. Al- 
though laboratory tests have not indicated 
that Talwin causes or increases renal or 
hepatic impairment, the drug should be 
administered with caution to patients with 
Such impairment. Extensive liver disease 
appears to predispose to greater side ef- 
fects (e.g., marked apprehension, anxiety, 
dizziness, sleepiness) from the usual clinical 
dose, and may be the result of decreased 
metabolism of the drug by the liver. 
Myocardial Infarction. As with all drugs, 
Talwin should be used with caution in pa- 
tients with myocardial infarction who have 
nausea or vomiting. 

Biliary Surgery. As with all strong analge- 
sics, Talwin should be usec with caution in 
patients abou! to undergo surgery of the 
biliary tract since it may cause spasm of 
the sphincter cf Oddi. 

Patients Receiving Narcotics. Talwin is a 
mild narcotic antagonist. Some patients 
previously given narcotics, including meth- 
adone for the daily treatment of narcotic 
dependence, have experienced withdrawal 
symptoms after receiving Talwin. 

CNS Effect. Caution should be used when 
Talwin is administered to patients prone to 
seizures; seizures have occurred in a few 
Such patients m association with the use of 
Talwin althouch no cause and effect rela- 
tionship has been established. 

Tissue Damage at Injection Sites. Severe 
sclerosis of the skin, subcutaneous tissues, 
and underlying muscle have occurred at the 
injection sites of patients who have received 
multiple doses of pentazocine, as lactate. 
Constant rotation of injection sites is, there- 
fore, recommended. In addition, animal 
studies have suggested that Talwin may be 
tolerated less well subcutaneously than in- 
tramuscularly. 

Adverse Reactions: The most commonly oc- 
curring reactions are: nausea, dizziness or 
lightheadedness, vomiting, euphoria. 
Dermatologic Reactions: Sott tissue indura- 
tion, nodules, and cutaneous depression 
can occur at injection sites. Ulceration 
(sloughing) and severe sclerosis of the skin 
and subcutaneous tissues (and, rarely, un- 
derlying muscle) have been reported after 
multiple doses. 

Infrequently occurring reactions are—res- 
piratory: respiratory depression, dyspnea, 
transient apnea in a small number of new- 
born infants whose mothers received Talwin 
during labor; cardiovascular: circulatory de- 
pression, shock, hypertension; CNS effects: 
sedation, alteretion of mood (nervousness, 
apprehension, depression, floating feeling), 
dreams; gastrointestinal: constipation, dry 
mouth; dermatelogic including local: dia- 
phoresis, sting on injection, flushed skin 
including plethora, dermatitis including 
pruritus; other: urinary retention, headache, 
paresthesia, alterations in rate or strength 
of uterine contractions during labor. 

Rarely reportec reactions include — neuro- 


@ 
Brand of 


muscular and psychiatric: muscle tremor, 
insomnia, disorientation, hallucinations; 
gastrointestinal: taste alteration, diarrhea 
and cramps; ophthalmic: blurred vision, 
nystagmus, diplopia, miosis; hematologic: 
depression of white blood cells (especially 
granulocytes), which is usually reversible, 
moderate transient eosinophilia; other: 
tachycardia, weakness or faintness, chills, 
allergic reactions including angioedema, 
edema of the face, vascular purpura, toxic" f 
epidermal necrolysis. 

See Acute CNS Manifestations and Drug De- 
pendence under WARNINGS. 

Dosage and Administration: Adults, Exclud- 
ing Patients in Labor. The recommended 
single parenteral dose is 30 mg. by intra- 
muscular, subcutaneous, or intravenous 
route. This may be repeated every 3 to 4 
hours. Doses in excess of 30 mg. intrave- 
nously or 60 mg. intramuscularly or subcu- 
taneously are not recommended. Total daily 
dosage should not exceed 360 mg. When 
frequent daily injections are needed over a 
prolonged period, intramuscular administra- 
tion is preferable to subcutaneous. In addi- 
tion, constant rotation of injection sites 
(е.9., the upper outer quadrants of the but- 
tocks, mid-lateral aspects of the thighs, and 
the deltoid areas) is recommended. 

Patients in Labor. A single, intramuscular 
30 mg. dose has been most commonly ad- 
ministered. An intravenous 20 mg. dose has 
given adequate pain relief to some patients 
in labor when contractions become regular, 
and this dose may be given two or three 
times at two- to three-hour intervals, as 
needed. 

Children Under 12 Years of Age. Since clini- 
cal experience in children under twelve 
years of age is limited, the use of Talwin in 
this age group is not recommended. 
CAUTION. Talwin should not be mixed in 
the same syringe with soluble barbiturates 
because precipitation will occur. 
Overdosage: Manifestations: Clinical experi- 
ence with Talwin overdosage has been insuf- 
ficient to define the signs of this condition. 
Treatment: Oxygen, intravenous fluids, vas- 
оргеѕѕогѕ, and other supportive measures 
should be employed as indicated. Assisted 
or controlled ventilation should also be con- 
sidered. Although nalorphine and levallor- 
phan are not effective antidotes for 
respiratory depression due to overdosage or 
unusual sensitivity to Talwin, parenteral nal- 


oxone (Narcan®, available through Endo 
Laboratories) is a specific and effective 
antagonist. 


Talwin is not subject to narcotic controls. 
How Supplied: Uni-Amp® — Individual unit 
dose ampuls of 1 ml. (30 mg.) and 2 ml. 
(60 mg.) in boxes of 25. 

Ampuls of 1 ml. (30 mg.) in (nested) boxes 
of 25, 

Ampuls of 1% ml. (45 mg.) in boxes of 10 
and 100. 

Ampuls of 2 ml. (60 mg.) in (nested) boxes 
of 25. 

Each 1 ml. contains Talwin (brand of pentaz- 
ocine) as lactate equivalent to 30 mg. base 
and 2.8 mg. sodium chloride, in water for 
injection. 

Multiple dose vials of 10 ml., each 1 ml. 
containing Talwin (brand of pentazocine) as 
lactate equivalent to 30 mg. base, 2 mg. 
acetone sodium bisulfite, 1.5 mg. sodium 
chloride, and 1 mg. methylparaben as pre- 
servative, in water for injection. Boxes of 1. 
The pH of Talwin solution is adjusted be- 
tween 4 and 5 with lactic acid and sodium 
hydroxide. The air in the ampuls and vials 
has been displaced by nitrogen gas. 


Winthrop Laboratories, New York, N.Y. 10016 
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- For monitoring Doppler sounds of blood flow 
and to take Doppler systolic blood pressure 


When used with a standard cuff and manometer 


. 


VERSATONE 





VERSATONE" 


SN Multipurpose Doppler instrument with P84 probe 


e Sensitive flat probe, easy to position and 
tape in place for continuous monitoring 
of the Doppler sounds of blood flow. 


e Provides accurate non-invasive systolic 
pressures even on severely hypotensive 
patients. 

e Optional sensor quiets the Doppler 
sound during electrocautery operation. 

e Plug-in probe is readily interchangeable 
with other VERSATONE Doppler probes 
for detection of blood flow and venous 
air embolism. 





Other VERSATONE probes 


danean e Model P81 
e e Model P82 
е n e Model P83 


а) PLEASE CALL OR WRITE FOR 
T» FULL INFORMATION 


MEDSONICS, INC. 


х 790 НЕММЕТЕК LANE e P.O. ВОХ M, MOUNTAIN VIEW, CALIFORNIA 94042 ө TELEPHONE (415) 965-3333 





Dopram 
Injectable 
(doxapram HCI) 


1969- 
404,310 ө 


ye 
Wee мад TPL 005€ 


Dopram® inject 











and suddenly tidal volume has a new significance 


The AN-TROL system is a complete circle 
providing a new standard of performance 
in anesthesia delivery. For the first time. a 
single system offers: 


A separation of tidal volume resulting in 

—preferential exhaust of alveolar gas 

—conservation of reusable patient dead 
Space gas 

Full utilization of fresh gas—no waste 

Improved efficiencies regardless of rate 

of inflow 

Reduction of hazards of cross infection 


Adaptability to existing anesthesia 
machines 


With the unique AN-TROL design, the ex- 
haust of fresh and dead space gases is de- 
layed until alveolar gas has been expelled. 
This engineered efficiency allows the 
AN-TROL circle to be used as a non- 
rebreathing system for the average adult 


patient at a moderate five liter inflow. At 
lower flows, efficiency is maintained by em- 
ploying the AN-TROL in-line CO, absorber. 

The convenient, single-use patient circle, 
the practical СО, absorber canister, the 
high quality, durable control arm—all com- 
bine to make the AN-TROL Anesthesia Circle 
System* the new symbol of excellence in 
anesthesia delivery. 

For descriptive literature about the Sys- 
tem or information about the AN-TROL free 
loan movie, write or call: 


ЯП DIAMED 
1 A DIVISION OF ILLINOIS TOOL WORKS INC. 


830 LEE STREET / ELK GROVE VILLAGE, ILLINOIS 60007 
TELEPHONE 312/593-8470 


*patented or patent pending 
Copyright 1975, Illinois Tool Works, Inc. 


^ 
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Now in your favorite color 


This is your opportunity to color coordinate 
your OR. Dupaco is offering the color of 
your choice on any Ventura or Palomar 
anesthesia apparatus at no extra charge. 
It's a machine you have to work with all 
day long... wouldn't it be nice if it was 
finished in your favorite color. Dupaco's 
Ventura and Palomar anesthesia apparatus 
is designed to meet the most challenging 
requirements of the profession. Now is the 


time to put a little color in your life! Write 
for our apparatus catalog and we will 
return it with a color certificate that will 
entitle you to any single color of your 
choice, at no extra charge. 


DUPACO 


INCORPORATED 
P.O. Box 98, San Marcos, CA 92069 





OHIO* Disposable Conductive 


Anesthesia Breathing Circuit, with a 
bacteria filter so great we couldn't keep it 


to ourselves. 
Nor would we want to. Because 
whether you're using our unique 


disposable filter as part of our circuit, or 


in someone else's (reusable or 
disposable), it's trapping and holding 


pathogens before they have an 
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opportunity to reach your patient. Cutting 


chances of cross contamination. 
And we think that's important. 
In your sensitive hand, the latex bag 


enables you to “feel” the slightest 
ventilatory change. The integrated swivel 
“Y” is designed to accept a mask or 
endotracheal connection. Tubing is 
flexible, light and kink resistant. 


* 





-Second-Hand Infection 


OHIO offers three sizes in Write for Catalog # 1852. Or contact 
disposable, conductive, cushioned your OHIO representative about 
masks. Adjustable, so every facial contour disposables. To make your operating 
can be fitted correctly and comfortably. room second to none in safety. 

Also disposable airways, filters, 
suction valves, catheters and tubing. And i Ў * 
the new, uncommon disposable Ohio Medical Products IRCU 
endotracheal tubes, made by OHIO. With P.O. Box 1319, Dept. A&A 
more ideas in design stage. So eventually 3030 Airco Drive 
your patients will get nothing second- Madison, Wisconsin 53701 
hand. 


Uncommon disposables from the most commonly known namein anesthesia. 
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An Histori i or America 


IMPORTANT INFORMATION ON THE 50th CONGRESS 





Pre-registration Material, including program and hotel card— has been mailed 
to all I.A.R.S. members, educational members and associate members. 
Additional copies available on request from Cleveland business office. 


Scientific Exhibit Space— Send requests for applications to |.A.R.S. Cleveland 
office promptly, since acceptance is subject to availability of space in 
exhibits section. 


Technical (Commercial) Exhibit Space—Send requests for applications to: 
Charles B. Slack, Inc., Exhibit Manager, 6900 Grove Road, Thorofare, New 
Jersey 08086. 


C.M.E. Credit—This Continuing Medical Education offering meets the criteria 
for 22 (est.) hours of credit in Category 1 for the Physician's Recognition 
Award of the American Medical Association. 
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Propranolol and Surgical Anesthesia 


JOEL A. KAPLAN, MD* 
RONALD W. DUNBAR, MD} 


Atlanta, Georgiaz 


The potential danger of anesthetizing a pa- 
tient on beta-adrenergic blockade therapy has 
long been recognized. The cases of 73 patients 
taking propranolol and anesthetized for non- 
cardiac operations were reviewed with regard 
to preoperative administration of propranolol 
and intraoperative and postoperative compli- 
cations. Of these patients, 72 percent took 
propranolol to within 24 hours of operation 
and 85 percent took it to within 48 hours. The 
mean dose of propranolol was 77 mg/day 
(range, 10 to 320 mg/day). Anesthetic tech- 


Pree is an important drug in the 
medical management of patients with 
angina pectoris, hypertension, cardiac ar- 
rhythmias, thyrotoxicosis, pheochromocy- 
toma, and obstructive cardiomyopathies.' 
An increasing number of patients can be ex- 
pected to present for surgical anesthesia 
while taking this beta-adrenergic blocking 
agent. 


Autonomic nervous system activity has 
been shown to be a major factor in main- 
taining circulatory integrity during anes- 
thesia. Price and associates? reported a di- 
rect correlation between the depth of cyclo- 
propane and ether anesthesia and plasma 
catecholamine levels. Sympathetic nervous 
system activity antagonizes the direct car- 
diovascular depression produced by general 
anesthetic agents such as cyclopropane, 
ether, fluroxene, and ketamine. There is also 
some evidence that sympathetic activity 
may be important with such other agents 
as halothane and morphine.?:* 


nies and agents included enflurane, halothane, 
N.O-narcotic-relaxant, and spinal anesthesia. 
There were only three episodes of hypotension, 
all of which responded to a decreased depth of 
general anesthesia, IV fluid administration, 
and, in one patient, a small dose of a vaso- 
pressor. There were no intraoperative or post- 
operative deaths. It is concluded that if pro- 
pranolol is indicated for medical control of the 
patient's symptoms, it need not be discontinued 
before surgical anesthesia. 


The theoretic potential dangers of anes- 
thesia in patients taking beta-adrenergic 
blocking agents have been reported since 
1964.2.“ The contention in these articles has 
been that beta-adrenergic blockade would 
result in profound myocardial depression 
during general anesthesia. However, there 
have been no reported studies of large 
groups of patients taking propranolol who 
have undergone anesthesia for noncardiac 
operations. The purpose of this study is to 
report our experience during 1 year with 
patients taking propranolol and coming for 
noncardiac surgical procedures. 


METHODS 


A series of 73 patients undergoing opera- 
tions between January 1974 and January 
1975 was reviewed for preoperative admin- 
istration of propranolol and intraoperative 
or postoperative complications. Patients 
were analyzed as to age, dosage of and rea- 
son for taking propranolol, time between 
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discontinuing propranolol and induetion of 
anesthesia, type of surgical procedure, anes- 
thetic agents, and complications. 


Patients were divided into four groups, 
according to how long their propranolol had 
been discontinued before induction cf anes- 
thesia: 


Group I, <12 hours 
Group II, 12 to 24 hours 
Group III, 24 to 48 hours 
Group IV, >48 hours 


All complications were recorded during 
the anesthetic procedure, in the recovery 
room, and postoperatively. Hypotension 
was defined as a systolic blood pressure 20 
percent below the lowest recorded preopera- 
tive blood pressure, and significant brady- 
cardia was considered below 50 beats/min. 
Arrhythmias recorded were those occurring 
during the operative procedure. 


Anesthetic technics included general, 
spinal, and local anesthesia with IV seda- 
tion. Of the patients who received general 
anesthesia, 90 percent were induced with 
thiopental (2 to 4 mg/kg IV), while 10 
percent were induced with the inhalation 
agent itself. Anesthesia was maintained with 
50 to 60 percent N.O, and either halothane, 
enflurane, or narcotics and relaxants. Tetra- 
caine 1.0 percent was used for all spinals. 
Lidocaine was administered for the two pro- 
cedures under local anesthesia; both these 
patients were sedated with diazepam. 


RESULTS 


Seventy-two percent of the patients took 
propranolol within 24 hours of operation 
and 85 percent took it within 48 hours 
(table 1). 'The mean dose of propranolol 
was 77 mg/day (range, 10 to 320 mg/day). 
The larger doses were taken by those pa- 
tients who continued the drug closest to 


TABLE 1 
Patient Groups 


oo ———— 








Number Daily dose of 

of pa- Hours off propranolol, mg 
Group tients propranolol Mean Range 
I 28 <12 90 20-320 
II 25 12-24 81 10-160 
III 9 2448 72 20-160 
IV i >48 44 20-169 
Total 73 77 10-329 
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Ес 1. Daily propranolol dosage of groups I-IV. 
The larger doses (^ 80 mg) were taken more often 
by those patients who received the drug closest to 
operation (groups I and ID. 


TABLE 2 


Indications for Propranolol 
(Number of Patients) 








Angina ^ Arrhylh- Hyper- Hyper- 
Group pectoris mias tension thyroidism 
I 12 9 6 1 
II 13 8 4 
ПІ 4 3 2 
IV 2 6 3 
Total 31 26 15 1 


operation. Most patients in groups III and 
IV were taking less than 80 mg/day, while 
most in groups I and II were taking 80 to 
160 mg/day (fig 1). Only 2 percent of the 
group-I patients were taking over 160 mg/ 
day. 


Most patients (77 percent) were receiv- 
ing propranolol for the treatment of either 
angina pectoris or cardiac arrhythmias (ta- 
ble 2). Propranolol was taken by 20 per- 
cent for control of hypertension, and 1 pa- 
tient was being treated for hyperthyroidism. 


АП types of surgical procedures were in- 
cluded except cardiac (table 3). 


Enflurane was the most frequently used 
anesthetic agent (fig 2), followed in order 
by balanced N.O-narcotic-relaxant, halo- 
thane, spinal, and local. Local anesthesia 
with sedation was used only in 2 patients 
in group I. In this series, no cyclopropane, 
ether, or fluroxene was used, since these are 
flammable. 


The three episodes of hypotension (table 
4) involved 1 patient each in groups I, II, 
and IV; all responded to decreasing the 
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TABLE 3 


Type of Surgical Procedures 
(Number of Patients) 





Type of surgery Hi gv 





Upper abdominal 4 6 3 3 16 
Perineal 4 b 4 1 14 
Vascular 8 2 — 1 11 
‘Chest wall — 4 2 2 8 
Peripheral 4 8 — — 7 
Lower abdominal 4 — — 2 6 
Neck 4 — — 2 6 
Neurosurgery — 3 — — 3 
Thoracic a DP E 2 
TABLE 4 
Complications 
Post- 
Kumbar iod 
of Hypo- Brady-  Arrhyth- cordial 
Group patients tension cardia mia infarction 
I 28 1 — — — 
II 25 i 3 = 1 
ш 9 — — 1 — 
IV 11 1 — 1 — 
Total 73 3. 1 2 d 
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Fic 2. The five anesthetic technics used for pa- 
tients studied. Balanced anesthesia consisted of 
N.O, narcotic, and muscle relaxant. Enflurane was 
the most commonly used anesthetic agent. 


depth of general anesthesia, IV fluid admin- 
istration, and a small dose of vasopressor 
in one. T'wo of these patients were taking 


between 80 to 160 mg/day of propranolol 


and one was taking less than 80 mg/day. 
'Two were anesthetized with a balanced an- 
esthetic technic consisting of N.O, mor- 
. phine, and pancuronium; enflurane-N,O was 
used for the other. Two other patients de- 
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veloped nodal rhythms during enflurane an- 
esthesia; in one case, this was converted to 
a regular sinus rhythm by 0.4 mg of atro- 
pine. ` 


One patient showed a subendocardial my- 
ocardial infarct on a postoperative ECG. 
He had been taking 160 mg/day of pro- 
panolol for angina pectoris until 18 hours 
before operation and had had a myocardial 
infarct 2 years previously. This patient, 64 
years old and weighing 80 kg, had been pre- 
medicated with 5 mg of morphine, 10 mg 
of diazepam, and 0.4 mg of atropine IM 
1 hour before arriving in the operating room. 
Upon arrival, his heart rate was 48 beats/ 
min, increasing to 60 beats/min after 0.4 
mg of atropine IV. He had an otherwise 
uneventful general anesthesia with а thio- 
pental induction and maintenance with en- 
flurane-N.O. His postoperative course was 
smooth, and he was discharged in satisfac- 
tory condition. i 


There were no intraoperative or postoper- 
ative deaths in this series. | 


DISCUSSION 


When the potentias] dangers of general 
anesthesia and antihypertensive agents were 
first reported in 1955, it was recommended 
that these agents be discontinued 2 weeks 
before operation. Since then, studies by 
Ominsky and Wollman? and by Prys-Roberts 
and coworkers? have clearly shown that 
hypertensive patients should be continued 
on their therapy until the time of operation. 


Patients taking propranolol are in an 
analogous situation. If the patients require 
the drug for the control of their disease, 
they may. safely be continued on it until 
within 12 hours of (noncardiac) operation, 
ав this study demonstrates. 


In 1964, Craythorne and Huffington! 
reported that propranolol administered to 
dogs anesthetized with halothane produced 
minimal cardiovascular effects. The only - 
significant change was a decrease in heart 
rate. Other studies in dogs and patients have 
shown that IV administration of beta-block- 
ing agents can lead to hypotension and de- 
creased cardiac output.!* 1? However, in all 
these studies, the beta-blocking agent has 
been given IV during general anesthesia. 
The anesthesiologist giving an anesthetic 
to a patient on chronic (oral) propranolol 
therapy is in a somewhat different situation. 


Here, the anesthetic agent can be carefully 
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administered to the patient, who has a fixed 
level of beta-blockade. We believe that this 
is a significant difference and may account 
for our good results. 


The only major complications attributed 
to preoperative propranolol administration 
were in 5 patients reported by Viljoen's 
group,!* in whom difficulty was encountered 
in discontinuing cardiopulmonary bypass 
after coronary artery surgery. These patients 
had complex operations involving internal 
mammary artery implantation and a ven- 
tricular aneurysmectomy. All these patients 
had postoperative left ventricular failure, 
attributed to their propranolol intake. How- 
ever, other factors, including inadequate re- 
vascularization of the myocardium due to 
the internal mammary artery implant 
(Vineberg procedure), poor left ventricular 
function, and myocardial depression second- 
ary to methoxyflurane, may have eaused 
the low output states. On the basis of this 
small group, Viljoen recommended  with- 
drawal of propranolol for 2 weeks before 
cardiac surgery. Others have generalized 
this to suggest withdrawal of propranolol 2 
weeks before all operations. 


Recently, we!5 reported a series cf 169 
consecutive patients undergoing cardiac op- 
erations. Of these, 82 percent had received 
propranolol to within 2 weeks of operation, 
and 52 percent received the drug to within 
48 hours of operation. The incidence of 
hypotension and bradycardia was found to 
be no different in the patients taking pro- 
pranolol than in those not taking the drug. 
Two other studies, by Caralps and col- 
leagues!“ and by Moran's group,!? support 
our findings. 


If propranolol is to be discontinued pre- 
operatively, the dose should be slowly tap- 
ered, not abruptly Stopped, as sudden with- 
drawal can lead to myocardial infarction in 
the patient with ischemic heart disease.18.19 
We believe the 1 patient in group II whose 
ECG showed a subendocardial myocardial 
infarct postoperatively may have sustained 
the infarction preoperatively after discon- 
tinuing propranolol. This would account for 
his significant bradycardia upon arrival in 
the operating room. Fortunately, he toler- 
ated the general anesthetic quite well. 


Evans and Shand?’ have shown the half- 
life of propranolol to be 3.4 to 6 hours after 
discontinuing chronic administration in nor- 
mal man. Faulkner and associates?! report- 


ed that propranolol disappears from the 
plasma and atrium in 24 to 48 hours. Stud- 
les by Faulkner?! and by Kaplan! of myo- 
cardial contractility, using systolic time in- 
tervals, have shown that the preejection 
period and the preejection period/left ven- 
tricular ejection time ( PEP/LVET) inter- 
vals return to normal 24 to 48 hours after 
discontinuing the drug. 


However, since propranolol decreases 
myocardial contractility, cardiac output, and 
heart rate, the anesthesiologist must under- 
stand the pharmacology of beta-adrenergic 
blockade and its treatment, if patients are 
to be continued on the drug until operation. 
Hypotension during anesthesia should be 
treated by decreasing the depth of general 
anesthesia, increasing IV fluid administra- 
tion, altering surgical manipulation and po- 
sition of the patient, and administering 
vasopressors such as ephedrine, as required. 
For bradycardia, atropine should be given 
to reduce vagal tone. 


In the unlikely event that these steps do 
not reverse the situation and it is felt that 
the beta-blockade is contributing to the con- 
dition, specific treatment of the beta-block- 
ade should be undertaken (fig 3). An iso- 
proterenol drip can be used to directly 
compete for the beta receptor; however, 
larger doses than usual will be required. In 
cardiac patients, we have used doses in the 
range of 5 to 20 „g/min. Glucagon has a 
separate receptor site on the cell wall and 
releases adenyl cyclase to produce cyclic- 
AMP independent of the beta-receptor.?? 
We have used 5 to 10 mg as an IV bolus, 
followed by a 1 mg/min via IV drip. Final- 
ly, СаС1„ and digitalis work intracellularly 
at the level of the contractile proteins to 
improve myocardial contractility;?? 250 to 
1000 mg of CaCl, given slowly IV will 
effectively bypass beta-adrenergic blockade. 


TREATMENT of BETA-8LOCKADE 
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Fic 3. Diagrammatic representation of beta- 
adrenergic receptor blockade and its treatment. The 
block can be competitively antagonized with iso- 
proterenol or bypassed with glucagon, calcium, or 
digitalis. 
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CONCLUSIONS 

Patients requiring propranolol to within 
24 to 48 hours of noncardiac operations can 
be safely anesthetized. Therefore, should 
the drug be determined to be necessary for 
medical control of the patient's symptoms, 
it should not be discontinued many days 
before surgery. However, as in all anes- 
thetic procedures, the anesthesiologist should 
have a thorough knowledge of the pharma- 
cology of all drugs taken by his patient 
and be prepared to cope with any untoward 
response. 
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Visual Communication: Clarity in Lecture Slides Revisited 


STANLEY J. McCOMB 
Rochester, Minnesota 


Ds the numerous articles related to 

the lack of legibility of lantern slides 
shown at medical and Scientific meetings 
and to the definite need for improvement 
in this vital area of visual communication 
there continues an amazing, almost callous 
disregard of some of the fundamental re- 
quirements for the production of satisfactory 
lecture slides. That visual communication 
suffers is obvious from such a statement as, 
"It wasn't the first time I'd seen a gather- 
ing of insects palmed off as a collection of 
data."! Or as Fuller? reported, of fifty-two 
Speakers before various sectional meetings 
of the AAAS, twenty-three apologized for 
their slides. 


That deficient visual communication is an 
all too common fault in slides is implied by 
the efforts of various national medical and 
scientific societies to acquaint their Speakers 
with the basic requirements for making sat- 
isfactory slides to be shown at their meet- 
ings. The American College of Physicians 
sends its speakers specific recommendations 
concerning the organization and limitation 
of data on a slide. The Ethyl Corporation 
has furnished a pamphlet, Make Slides 
Worthwhile. The American College of Chest 
Physicians has supplied its speakers with 
a slide format or template, with typing and 
spacing suggestions. And it is significant 
that, in a more wide-ranging field, the maga- 
zine Successful Meetings recently has add- 
ed an audiovisual consultant to its staff. 
This certainly offers evidence that there 
exists a widespread disregard of available 
information and means for achieving effec- 
tive visual communication in lecture slides 
and that the lack of application of some of 
the basics in this connection lies almost uni- 
formly with the author. It is to this group 
that this paper is addressed. 


The need for communication is universal. 
Practically everyone has seen reproductions 
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Fig 1. American Indian visual. (From Christen- 
sen EO: Primitive Art. New York, Thomas Y. 


Crowell Company, 1955, p 337. By permission of 
'The Studio Publication, Inc.) 
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of drawings made by primitive peoples to 
communicate events and ideas, from cave 
paintings in various parts of the world to 
the products of our own Indians ( fip 1); 
and one is impressed that their effectiveness 
is due in large part to directness and sim- 
plicity that lead to practically instant inter- 
pretation. Now it might justifiably be said 
that today there is so much more to com- 
municate—but herein lies the challenge: 
the need for careful evaluation of what 
needs to be communicated and how best to 
transfer it to the screen. Despite broad 
acknowledgment of the effectiveness of 
slides in communication, it is a fact that 
they remain an abused, sometimes overused 
adjunct to a verbal presentation. 


Emeritus Head of Section of Photography, Mayo Clinic and Mayo Foundation, Rochester, Minnesota. 


Visual Communication . .. McComb 


' Before analysis of their faults, slides 
should be divided into their main categories. 
ТҺе most common undoubtedly is the sta- 
tistical or data slide, sometimes called “tab- 
ular.” Chart and graph slides make up an- 
other large group; and then there are slides 
that may be referred to as “pictorials.” This 
paper will deal primarily with data, chart, 
and graph slides. 


Certainly the foremost complaint is illegi- 
bility due to crowding—simply, the incor- 
porating of too much data (fig 2). Kern? 
has said: “Don’t put too many data on a 
single slide, especially irrelevant data... . 
This unhappy mistake is the one most fre- 
quently committed: the author is too lazy 
to construct a brief summary of salient data, 
so he presents instead a detailed table that 
will occupy a full page in the printed pa- 
per." Other factors affecting legibility are 
improper letter size in relation to screen- 
image size and poor organization. Obviously 
all these are interrelated. Charts may be in- 
effective because of poor design or layout 
and—if done in color—because of unsatis- 
factory color combinations and contrast. 


Another major fault is use of material 
prepared initially as an illustration for pub- 
lication (fig. 3). This may be quite inap- 
propriate for a slide presentation. In pub- 
lished form such data may be referred to 
repeatedly for correlation with the text, but 
a slide usually cannot be given more than 
a quick one-time appraisal. The average 
viewer can absorb, understand, and retain 
just so much data in normal viewing time 
per slide. What the viewer requires, deserves, 
and expects is a succinct summary of the 
material presented verbally, not the step- 
by-step documentation of investigation. 
Audyt has stated it well: “Slides have three 
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. and this slide clearly explains the 
principle underlying this very important concept. 


Next slide, please. . . ." (Courtesy of Barry Baker, 
Art Director, Baylor College of Medicine; Audy JR: 
Delivery of papers at scientific meetings. J Biocom- 
mun 1:30-33 [Nov], 1974. By Permission of The 
Association of Medical Illustrators and The Health 
Sciences Communications Association.) 


LATE POSTOPERATIVE COMPLICATIONS 














Frequency 
(N 30) (N - 24) (N - 54) 
1942-1968 1969-1973 1942-1913 
Complication No. (‘c) No. (€) No. (t) 
Pain 13 (43) 10 (42) 23 (43) 
Weight loss 13 (43) 8 (33) 21 (39) 
Steatorrhea 9 (30) 6 (25) 15 (28) 
Insulin shock 9 (30) 5 (21) 14 (26) 
Frequent insulin reactions 6 (20) 5 (21) 11 (20) 
Jaundice 6 (20) 4 (17) 10 (18) 
Diabetic ketoacidosis 5 (17) 2 (8) 7 (13) 
GI bleeding 6 (20) 0 (0) 6 (11) 
Dumping syndrome 3 (10) 1 (5) 4 (7) 
Diabetic neuropathy 4 (13) 0 (0) 4 (7) 
Urinary-tract infection 2 (7) 2 (8) 4 (7) 
Edema 2 (1) 2 (8) 4 (7) 
Strictured biliary anastomosis 3 (10) 1:5) 4 (7) 
Biliary-tract stones 3 (10) 0 (0) 3 (6) 
Cirrhosis 3 (10) 0 (0) 3 (6) 
Phlebitis 3 (10) 0 (0) 3 (6) 
Intra-abdominal abscess 1(3) 1 (5) 2 (4) 
Nephrolithiasis 2 (7) 0 (0) 2 (4) 
Diabetic retinopathy 2 (7) 0 (0) 2 (4) 
Psychosis 2 (7) 0 (0) 2 (4) 
Angina pectoris 2 (7) 0 (0) 2 (4) 
Perforated peptic ulcer 2 (7) 0 (0) 2 (4) 
Pleural effusion 0 (0) 2(8) 2 (4) 
Anemia 1(3) 1 (5) 2 (4) 
Spontaneous intraperitoneal 
hemorrhage 2 (7) 0 (0) 2 (4) 
Other 7 (23) 4 (17) 11 (20) 
Total 111 54 165 
Complications per patient 3.7 2.3 3.1 


Fic 3. Mass of data satisfactory for publication 
but worthless as a slide. 


functions: 1, to support the spoken word; 
2, to amplify the spoken word; 3, to replace 
the spoken word.” That is, “Some things 
are much better conveyed by a diagram or 
chart than by description. . . ." And most 
certainly, a slide is not intended as a tele- 
prompter! 


As overcrowding of slides with needless 
data is criticized by all authors dealing with 
improvement in lecture slides, what rem- 
edies are available? One is condensation 
and better organization of data. At the Mayo 
Clinic, Hewitt, striving long ago to improve 
tabular slides, prepared exhibits demonstrat- 
ing possibilities inherent in organization 
and classification of data. “Slides are not 
essays. You will be present to amplify. . .. 
Condensation requires deletion of detail." 
He suggested methods for improvement: re- 
strict data to major points; condense text; 
classify and isolate (fig 4); and wherever 
possible, present data in graph form. 


When a great volume of data is consid- 
ered absolutely essential, consideration must 
be given to reorganization; and if effective 
consolidation is not possible, the data should 
be presented in additional sequential slides 
(fig 5). As to reorganization, one author 
posed the question of WILL/WON'T, which 
should be applied to every visual. WILL this 
image help to make my point? WON'T the 
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43-YEAR-OLD HOUSEWIFE 


Admitted to Mayo Clinic 1 Aug 73 


CC: low back pain of 15 years’ duration. While 

at clinic routine chest x-ray revealed 3-cm slitary 
nodule in RLL with definite calcification. 

On 24 Aug 73 R thoracotomy because of suspected 
bronchogenic carcinoma. Lesion was granulema; 
histologic diagnosis histoplasmosis, positive Tor 
Cryptococcus neoformans. 

PH: dry cough for many years. Physical exzm of 
chest neg. No evidence that back pain could ke 
related. Spinal tap not done. 


43-YEAR-OLD HOUSEWIFE 





Admitted MC 1 Aug 73 
CC: Low back pain for 15 yr 


PH: Dry cough many yr 
Chest Px neg: no spinal tap 
No evidence cough related to back pam 
: Chest x-ray—solitary 3-cm nodule wth 
definite calcification in RLL 
(Bronchogenic ca suspected) 


R thoracotomy 24 Aug 73 
Granuloma; histologic Dx аарак 
culture pos for C. neoformans 


Ріс 4. Running text (A) needs reorganization (B) 
for more rapid interpretation. 


presentation be just as clear withcut it? 


This calls for a ruthless assessment cf data: 


to avoid possible application (fig 6) of the 
doggerel of Hewitt: 


His audience yawned, it squirmed and 
it sighed; 
He constantly put too much on & slide. 


These general problems impose a need of 
more specific methods and techniques for 
their solution. As in many other endeavors, 
it is best to establish some ground. rules 
before proceeding. The predominant slide 
form today is the 50mm size (2 by 2 
inches) using 35-mm film in a mask opening 
of 3:2 ratio (34 by 23 mm) oriented hori- 
zontally. Although the 2 by 2 slide can be 
used in a vertical orientation, this :s not 
recommended, for there is very real risk in 
some situations of having part of the image 
extend beyond the upper or lower limit of 


‚ the screen. 


Within the frame described, what will be 
legible?. There are well-established criteria 
for this. Опе is derived from the Smellen 
Test Chart for measuring visual acuity. In 
effect, for a letter to be just legible tke en- 
tire letter must subtend an angle of 0* 5' at 
the viewers eye. For example, to sudtend 
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чатлан LXNRGENCILÉ 
Saton Bitrepremetce 
Mer меъ Lethe ай "Lipide" (бише) 
Wei € mp per SMS ts LOB al. of Fl dentrome 


Effets таар vithin eébewin] MP hah 
Ue pretreecmod levels in 1 ta 16 mia. 


(Mtm tima 1С ва, Л ja өзге cetera Lon 
dete melasi mimiatriration,) One onae 
M этот». 


HYPERTENSION EMERGENCIES 
Sodium Nitroprusside 
Now available as "Nipride"” (Roche) 
Use: 50 mg per 500 to 1000 ml. of 51 dextrose 
in water. Cover with aluminum foil. 
Use only 4 hours. Give i.v. by perfusion 


pump or micro-drip regulator. 


HYPERTENSION EMERGENCIES 

Sodium Nitroprusside (Continued) 
Actions: Direct-acting vasodilator. 
Decreases BP within seconds 
Decreases PYR 
Decreases CO (capitance pooling) 
No change in GFR or ERPF 
Effects stop within seconds; BP back 


to pretreatment levels in 1 to 10 min, 


HYPERTENSION EMERGENCIES 
Sodium Nitroprusside (Continued) 
Side-Effects: Those of lowering BP too rapidly: 
Nausea, headache, restlessness, muscle 
twitching, palpitation. 
Thiocyanate is end metabolic product 


(less than 10 mg/dl is safe concentration 


during prolonged adxinistration.) One 


D case of hypothyroidism. 





Еа Б. Information too tightly packed іп one 
slide (A) is more readily grasped when presented 
in more (B, C, D), because then it can be seen. 


an angle of 5’ at the pupil of a viewer 100 
feet from the screen, a letter on the screen 
must be 37 mm (1% inches) high. А more 
easily grasped rule, applicable to any size 
conference room, requires that the maximum 
viewing distance not exceed six times the 


ond 


.. McComb 


Visual Communication . 





Fic 6. “He constantly put too much on a slide." 
(Courtesy of John W. Desley, Medical Graphics, 
Mayo Clinic and Mayo Foundation.) 


width of the whole-slide image on the 
screen. This relation is based on the Room 
Image Factor (RIF), developed by Maurer 
from earlier studies by Gage on the opti- 
mum projected image size in relation to 
room length. While this ratio of six times 
screen width may appear to be conservative, 
it must be remembered that the viewer for 
whom it is intended is the one farthest from 
the screen. 


As an aid in achieving greater legibility 
in slides, use of a standard format for orig- 
inal copy is suggested. Since copy for most 
tabular slides is prepared on a typewriter, 
a standard format may be used without dif- 
ficulty. The format suggested provides for 
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an information area 113 by 75 mm (415 х 3 
inches), and once this area has been deter- 
mined it may be developed in multiples on 
a sheet of good quality paper of letter size 
(fig 7). 


Text should be limited to nine double- 
spaced lines, each line containing no more 
than 54 total spaces if in elite type or 45 for 
pica. 


Copy prepared in this fashion assures 
legibility for practically all viewing situa- 
tions. Characters should be firm and black 
throughout. Available are special carbon 
paper ribbons (one-time use only) that 
yield superior copy. A new—emphasis on 
new—cloth ribbon is an alternative, for 
which one author adds a suggestion to re- 
verse carbon paper so that the imprint is 
repeated on the back of the typed copy. 
Simply, the blacker the copy the better will 
be the slide. 


Turning now to charts and graphs (which 
may be termed “art work" by some, or 
*graphics"), all the recommendations of- 
fered above for improved legibility apply 
again—organization of data, restriction to 
absolute essentials, simplification, and ap- 
propriate size and style of letters and nu- 
merals for the copy to be photographed. In 
preparing this type of material, many graph- 
ic artists use 229 by 152 mm (9 by 6 inches), 
again horizontally, as the maximum infor- 
mation area. Using this standard format 
resolves many problems related to layout, 


SUGGESTED TYPING TEMPLATE 


Double space all lines. 





Fic 7. Template for typing copy. 
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LINE WIDTH (IN ) 035 (0.9 mm) 


GRAPH CURVE 
LINE WIDTH (IN ) 005 (14 mm) 


GRAPH BORDER 
LINE WIDTH (IN ) 021 (0.5 mm) 


RTICAL SCALE 
SAME AS HORIZONTAL 


LINE WIDTH (IN.) .026 
(0.7 mm) 
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HORIZONTAL SCALE 








Fig 8. A, Reproduced—same size—from a portion of original material 152 mm wide by 101 mm high 
(6 by 4 inches) with appropriate line and letter widths. Compare with B, for original 229 mm wide 
by 152 mm high (9 by 6 inches), for which leiter and line widths must be one-third greater than in A. 
For example: graph curve line width of 1.4 mm becomes 1.8 mm. 
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Fic 9. Legibility Calculator. (Reproduced from Kodak Pamphlet S-24: Legibility—Art Work to Screen. 
Rochester, New York, Motion Picture and Audiovisual Markets Division, Eastman Kodak Company.) 


letter height, and line weight (thickness), 
right on down to the photographic aspects. 


From the legibility criteria presented 
earlier it has been determined that letter 
height should not be less than 1/25 of the 
specified copy/image width. It applies to 
both situations, which means that an “office 
situation" check of legibility may easily be 
made. Usually, six times the width of copy 
would require viewing at about arm's length 
for typed slides and about double that for 
charts. The Eastman Kodak Company pro- 
vides a legibility guide for letter height and 
line weight for main titles and subheadings 
(fig 8) and a legibility calculator for quick 
reference (fig 9). 


Information usually is grasped more read- 
ily in graph form than in tabular form, and 
that is what visual communication is all 
about—comprehension and understanding. 
Bar graphs (fig 10) and pie charts (fig 11) 
are particularly effective for comparisons of 
data. These may be prepared easily from a 
variety of graphic aids such as pressure- 
sensitive tapes available in a variety of 
widths and colors, patterned adhesive over- 
lays, and letters. In this way it is possible 
to create slides that are more readily per- 
ceived. 


'There does exist some justifiable criticism 
of the customary black letters on a white 
background slide, with resultant glare from 
the large expanse of white. Even so, it is 
preferable to the “теуегве text" slide (white 
on black). The latter does have an advan- 
tage in that the words and numbers, being 


transparent, can be colored by application 
of water colors, dyes, or transparent tapes. 


A very satisfactory solution to the glare 
problem is to introduce color in the back- 
ground. 'This may be done by photographing 


HEARING RESULTS 


|. MR'GO-PL 
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MYRINGOPLASTY 
Hearing Results in 340 Operations 





Air conduction 
at or < 30 dB 
level, 


Air-bone gap 
closed to within _ 
15 dB, © 10 dB. 


Oper. 


Graft material no. 





Canal skin 

and fascia 3: 7 5 32 
Single fascia 
Double fascia 
Canal skin 


Canal skin and 
homograft MT 





Total 





Fic 10. Bar graph (A) conveying—more easily— 
same information as table (B), which is too large 
anyway. (Abbreviations will be explained by the 
speaker.) 
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COMPLICATIONS IN 878 MYRINGOPLAST#S 








Complication Cases 
Graft failure 157 
Graft retraction 4 
Graft lateral to annulus 1 
Graft cholesteatoma 11 1 
Facial nerve paralysis 3 ).3 
External auditory canal stenosis 2 2.2 
Sensorineural hearing loss 
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Ес 11. 
readily grasped from pie chart (B). 


Table (A) expressing relations more 


the original copy on high-contrast black- 
and-white 35-mm film and, after processing 
for proper density, printing on diazo cheets 
by exposure to ultraviolet or high-intensity 
lights. Exposure destroys the dye potential 
in the diazo sheet where light passes th-ough 
the negative (the text portions); and zs the 
background receives no exposure, it takes 
on color from “fuming” (exposure tc am- 
monia vapor). Although diazo sheets are 
available in a variety of colors, blue has 
been most widely accepted. 


For those who wish to carry through the 
entire process from original to slide, an 
easily managed, photographic device the 
Visualmaker,? is available. An Eastmar Ko- 
dak Company product, it provides for slide 
making by use of color film for both b ack- 
and-white and color originals. 'There are two 
standard formats: a 75-mm (3-inch) scuare 
апа a 200-mm (8-inch) square. Excellent 
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Ес 12. (Courtesy of John W. Desley, Medical 
Graphics, Mayo Clinic and Mayo Foundation.) 


suggestions for the preparation of originals 
are provided. If these recommendations are 
observed, along with suggestions offered ear- 
lier, this technique yields acceptable slides. 


In summary, slides intended for presen- 
tation with a paper require special consid- 
eration—a textbook-type illustration will 
not qualify. Give the second look of apprais- 
al, that of the viewer at the rear of the meet- 
ing room. Rethink, reorganize, simplify, and 
clarify the essential data and prepare them 
according to accepted legibility standards. 
Stand tall with viewers (fig 12) for contrib- 
uting to improved visual communication. 
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Anesthesia for Transcervical Thymectomy in Myasthenia Gravis 


DIGVIJAY S. GIRNAR, MD* 
AVRON 1. WEINREICH, МОТ 


New York, New Yorkt 


This review of anesthetic experience in 100 
cases of transcervical thymectomy for myas- 
thenia gravis (MG) at The Mount Sinai Hos- 
pital (1970-1974) underlines current trends in 
the surgical management at Mount Sinai, 
where transcervical thymectomy is the pro- 
cedure of choice for all patients with nonthy- 
momatous MG and for selected patients with 
thymomatous MG. The transthoracic approach 
is now limited to malignant thymomas and 
tumors not accessible through the transcervical 
approach. Formerly, patients coming for thy- 
mectomy either already had a preexisting 
tracheostomy, or an elective tracheostomy was 


M == gravis ( MG) is a syndrome 

characterized by undue muscle weak- 
ness upon exertion of the involved muscle 
groups and by a partial return of function 
either with rest or the administration of 
appropriate drugs. The weakness may range 
from diminution of action potentials on 
EMG of the clinically uninvolved muscles 
(group I-A in modification of the Osserman 
classification) ! to complete motor failure of 
the involved muscle groups. 


Evidence is accumulating that MG is an 
autoimmune disease? and that the purpose 
of therapy should be directed toward inter- 
rupting or ameliorating the autoimmune pro- 
cess. Thymectomy, previously recommended 
on the basis of empirical observation, now 
appears to be the treatment of choice for 
achieving this goal.? 


*Resident in Anesthesiology. 


tAssociate Clinical Professor. 


performed at the time of thymectomy. Since 
1972, none of these patients has had elective 
tracheostomy at the time of operation, and 
only four were performed in the postoperative 
period, patients being intubated orotracheally 
at the time of operation. The tube is usually 
removed within 1 hour after completion of thy- 
mectomy. All patients are followed in the in- 
tensive care unit for 24 hours or longer, under 
close supervision of experienced personnel 
aware of the inherent problems and able to 
assist ventilation at any stage. This approach 
has greatly changed the postoperative course 
of this disease. 


The surgical management and the ulti- 
mate outcome of the disease largely depend 
on the care given by a specialized team, 
which includes internist, surgeon, anesthesi- 
ologist, and experienced nursing staff. The 
anesthesiologist may be faced with unex- 
pected and complex problems, both during 
the operation and in the postoperative pe- 
riod. 


The transcervical approach for thymec- 
tomy has replaced the transthoracic in our 
hospital since 1967 (table 1). The simplicity 
of this approach has contributed to a dra- 
matic overall reduction in morbidity and 
mortality in this group of patients,* allowing 
an earlier return to spontaneous respiration, 
permitting earlier extubation, and avoiding 
the necessity for tracheostomy. Surgical 
operation was previously recommended in 


iDepartment of Anesthesiology, Mount Sinai School of Medicine of the City University of New York and 


the Mount Sinai Hospital, New York, New York 10029. 
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TABLE 1 


1958-1967 Thymectomy by transthoracic approach: 


251 cases 


All patients had elective tracheostomies at the time of thymectomy. 


1967-1971  Transcervical thymectomy: 


200 cases 


All patients had elective tracheostomy at the time of thymectomy. 


Transthoracic thymectomy was performed in cases of: 


(a) Thymoma 


(b) Preexisting low-lying tracheostomy 


1972-1974  Transcervical thymectomy: 


No elective tracheostomy. 


151 cases 


_ 8$ 


those patients with severe symptoms who 
had become refractory to anticholinesterase 
drugs. As a result of reduced operative mor- 
tality and morbidity with the transcervical 
approach, the indications for thymectomy 
have been expanded to include the milder 
cases and those with a shorter history of 
the disease."-: 


Clinical Experience. — At The Mount 
Sinai Hospital between January 1970 and 
March 1974, 151 patients underwent thy- 
mectomies. One hundred of these, ranging 
in age from 6 to 70 years and including 36 
males and 64 females, for whom records 
were complete, have been classified? accord- 
ing to their myasthenic severity: 


Pediatric group: 
a. Neonatal—occurs only in infants 


born of myasthenic mothers and is 
self-limiting. 


b. Juvenile—may develop at any time 
from birth to puberty. 


Adult group: 


1. (a) Ocular myasthenia. This local- 
ized form of the disease may be lim- 
ited to one eye and is characterized 
by ptosis and diplopia. 


(a) Mild generalized MG. This 
group is characterized by slow on- 
set, frequently ocular. 


(b) Moderate generalized MG. On- 
set is gradual, with ocular presen- 
tation progressing to a severe gen- 
eralized involvement of bulbar and 
skeletal musculature and with in- 
volvement of respiratory muscles. 


ко 


3. Acute fulminating MG. Rapid onset 
of severe bulbar and skeletal muscle 
weakness with involvement of re- 
spiratory musculature. 


4. Late severe MG. Severe myasthenia 
develops at least 2 years after the 
onset of group 1 or 2 symptoms. 
Progression of the disease may be 
sudden or gradual. 


ANESTHETIC MANAGEMENT 


Preoperative Visit——This is mandatory 
for the attending anesthesiologist, since 
these patients as a group tend to be anxious 
and aware of their condition, and require 
assurance and full explanation of the pro- 
cedure. The need for possible postoperative 
ventilatory support is explained carefully, 
and whenever possible the patient is intro- 
duced to the members of the intensive care 
unit who will be caring for him. Sedation is 
prescribed as necessary, the results of the 
routine investigations are checked, and any 
deviations from normal in any of the param- 
eters are corrected prior to operation. A re- 
spiratory system review should observe the 
absence of chest infection and include an 
estimate of exercise tolerance. Emergency 
drugs and equipment for intubation are kept 
within reach. 


Premedication.—Half of the morning dose 
of pyridostigmine is given in mild cases 
(classes 1 and 2) while in more severe 
cases, the regular morning dose is prescribed 
IM. Atropine (0.4 to 0.6 mg IM) is given 
1 hour before operation. Various combina- 
tions of narcotics, barbiturates, or tranquil- 
lizers are used. 


Induction.—On arrival in the operating 
room an IV infusion is started; temperature, 
ECG, and blood pressure are recorded. A 
sleep dose of sodium thiopental is given, 
and halothane or enflurane and N.O-O, are 
given by mask. Once the patient is well an- 
esthetized and the masseters are relaxed, an 
attempt is made to visualize the vocal cords, 
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Which are then sprayed with 4 percent lido- 
caine, and the patient is subsequently in- 
tubated with a nonkinkable anode tube. 


Should there be any difficulty with intu- 
bation, anesthesia is deepened and a further 
attempt at intubation is made. After auscul- 
tation has determined that both sides of the 
chest are being aerated, the tube is secured 
and the patient is mechanically ventilated. 
The eyes are taped and the head is fully 
extended with sheets under the shoulders. 
'The patient is positioned and draped as for 
a standard head and neck procedure. The 
surgeon stands behind the patient's head. 


The incision is made across the supra- 
sternal notch, and a fiberoptic light is used 
to aid in visualization of structures deep to 
the sternum. Once the bilobed thymus has 
been removed entirely and hemostasis 
achieved, the wound is closed in layers and 
drained with a Hemovac."! At the end of 
the procedure, an attempt is made to re- 
establish spontaneous ventilation and the 
patient is taken to the intensive care unit, 
breathing 100 percent O. spontaneously via 
the endotracheal tube or is assisted with an 
Ambu* bag. 


Postoperative Procedure.—On admission 
to the intensive care unit (ICU), respira- 
tory data are collected on all patients. Rou- 
tinely, a Wright respirometer is used and 
tidal volume, minute volume, vital capacity, 
and respiratory rate are recorded. Blood is 
drawn from the radial artery for Pao», 
Paco., pH, base excess, and hematocrit, to 
establish baseline data. Chest x-rays are 
routinely taken on ICU admission and 
thereafter as indicated by the patient’s con- 
dition. If secretions are copious and trouble- 
some due to the bronchorrhea produced by 
the anticholinesterase therapy, combined 
suctioning and chest physiotherapy is em- 
ployed and atropine administered IV, as 
needed." 


Depending upon the severity of the dis- 
ease, those who were breathing spontaneous- 
ly preoperatively are usually extubated once 
they are fully awake and exchanging ade- 
quately, usually within the 1st hour after 
operation. A resuscitation tray is kept at 
the head of the patient's bed and a ventila- 
tor is kept beside it, in case the patient's 
condition should deteriorate. 


Some patients have had to be weaned off 
the ventilator gradually, depending on their 
clinical response. The psychologic aspects 
cannot be stressed too strongly, as these pa- 
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tients as a group are very dependent on the 
medical and nursing staff and require con- 
stant reassurance and encouragement. 


Where secretions remain troublesome, and 
particularly where respiratory infection su- 
pervenes, a tracheostomy may be indicated 
after 48 hours. Since 1972, 4 of our patients 
have required postoperative tracheostomy. 
In the postoperative period, once the pa- 
tients are fully awake, the preoperative anti- 
cholinesterase regime is continued IM. Once 
they are able to swallow, oral therapy is 
reinstituted as indicated. 


Of the 100 patients studied, all but one 
received thiopental for induction and the 
majority were intubated with halothane. 
Seven patients were given enflurane, intro- 
duced late in the series. Positive-pressure 
ventilation was maintained routinely during 
operation. Ninety patients of this group 
were able to breathe spontaneously at the 
end of the surgical procedure, and 92 were 
extubated within 2 hours after operation. 
The average duration of surgery was 2 
hours. 


DISCUSSION 

The value of thymectomy in the treat- 
ment of MG is well established, and remis- 
sions are generally permanent, the percent- 
age of patients in remission increasing year- 
ly. Of 111 nonthymomatous myasthenic pa- 
tients followed for 7 years, 90 percent were 
in remission or showed marked improve- 
ment.” 


It is generally accepted that the thymus 
is responsible for the formation of antibod- 
ies. The thymic hyperplasia with germinal 
center formation and/or spindle-cell thy- 
momas is a consequence of this increased 
thymic activity." The theory to which we 
currently subscribe is that the stable remis- 
sion produced by thymectomy is presum- 
ably the result of eliminating the germinal 
centers responsible for the formation of 
these antibodies.? The nature of the auto- 
immune response at the myoneural junction 
is still not clear. Though spontaneous re- 
missions do occur in myasthenics on medical 
treatment, they are generally followed by 
relapses. 


In this institution from 1958 onward, all 
patients admitted for transthoracic thymec- 
tomy either had had a preoperative trache- 
ostomy or underwent routine tracheostomy 
at the time of thymectomy, to cope with 
secretions and offer a route for ventilatory 
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assistance. In 1967, the transcervical ap- 
proach was introduced, and the routine per- 
formance of elective tracheostomy was con- 
tinued until 1971. Since 1972, no elective 
tracheostomy has been performed. Experi- 
ence in recent years, with prolonged oral 
and nasotracheal intubation, using nonreac- 
tive materials and low-pressure cuffs, has 
markedly reduced the incidence of tracheal 
erosion and has influenced us to adopt this 
method. This development went hand in 
hand with the establishment of an ICU, 
where a team skilled in the care of such 
patients provides the single most important 
factor in determining a successful postopera- 
tive outcome. 


Though complications of transcervical 
thymectomy are rare, they need to be men- 
tioned: 


1. Hemorrhage involving the great ves- 
sels of the mediastinum at the time of oper- 
ation. 


2. Pneumothorax: A small pneumotho- 
rax is not uncommon; an immediate post- 
operative chest x-ray will reveal its extent 
and indicate the need for aspiration. 


3. Air embolism is a remote possibility, 
but none occurred in this series and none 
has been reported. 


Narcotics, sedatives, or tranquilizers as 
premedication should be used with circum- 
spection, to avoid respiratory depression or 
the ability to cope with secretions. 


The use of pyridostigmine preoperatively 
to avoid a respiratory crisis from developing 
at this time may lead to difficulty in intuba- 
tion without relaxants in a patient who 
manifests no weakness. The excessively 
deep levels of halothane required for intuba- 
tion frequently produces an undesirable fall 
in blood pressure. In the 7 cases for which 
we employed enflurane, we have the impres- 
sion that earlier and better relaxation of the 
masseters was achieved, though the laryn- 
geal reflex is not as well obtunded as with 
halothane. The use of topical 4 percent lido- 
caine will, however, permit early intubation 
in these cases. Should the need arise for 
further relaxation, a small amount of d-tubo- 
curarine (0.5 to 1 mg at a time) may be 
given until the desired degree of relaxation 
is achieved. 


No attempt is made to reverse the neuro- 
muscular block at the end of the operation, 
and the patient remains intubated to the 


intensive care unit. To facilitate intubation? 
we propose to eliminate the morning dose 
of pyridostigmine in those patients with mild 
generalized MG, though many myasthenics 
are so psychologically dependent that they 
may still require a placebo. 


The myasthenic condition may be wors- 
ened by a large variety of drugs having a 
synergistic effect with the defect in neuro- 
muscular transmission or aggravating the 
muscarinic effects of anticholinesterase ther- 
apy. Some of the more frequently encount- 
ered drugs are reviewed in table 2, together 
with the possible mode of action in this as 
yet not very well elucidated field. 


CONCLUSIONS 


Transcervical thymectomy for MG and 
the routine use of endotracheal intubation 
with postoperative care in an intensive care 
unit represents a significant advance. These 
have all but eliminated the need for trache- 
ostomy and have further decreased the mor- 
bidity and mortality in this condition when 
surgical operation is undertaken in the 
earliest stages of the disease. 
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ý TABLE 2 
Drugs to Avoid or Use with Caution in Myasthenia Gravis 





1. Muscle relaxants: The site of action and the effects of the depolarizing and nondepolarizing 
agents are well elucidated and should be used cautiously. Synergism occurs with the nonde- 
polarizers and while initial antagonism to the depolarizers occurs, it may be followed by a 
prolonged apnea in the patients treated with anticholinesterases. 


2. Antiarrhythmic agents: May produce a profound deterioration in the myasthenic state, 
quinine’ and quinidine’ by decreasing the spread of excitation along the muscle fiber; procainamide’ 
by decreasing the amount of acetylcholine liberated at postganglionic endings. 


Тһе myocardium may be involved in the disease process, and arrhythmias are not uncom- 
mon. In addition, irregularities may occur with the use of halogenated inhalation agents in the 
presence of large doses of anticholinesterase drugs. Digitalis, diphenylhydantoin, or lidocaine 
may be safely employed. 


3. General amesthetics: Have both central and peripheral actions. Ether, enflurane, methoxy- 
flurane have all been used. Ether has a curarelike effect at the myoneural junction; owing to its 
irritant effect on the tracheobronchial tree, it is generally not recommended, although Foldes" 
has suggested its use іп low analgesic concentrations with N.O-O., as its myoneural effects are 
more transient than those of the nondepolarizing relaxants. Cyclopropane is strongly vagotonic, 
and together with anticholinesterases may increase the incidence of arrhythmias. No flammables 
can be used in the presence of diathermy, which is now universally employed. 


4. Local anesthetic agents: One should avoid high concentrations of ester-linked local anes- 
thetics hydrolyzed by nonspecific cholinesterases of plasma and liver. This enzyme is inhibited 
by anticholinesterases, and the toxicity of these agents may be significantly increased in myas- 
thenic patients on pyridostigmine bromide, a long-acting anticholinesterase." 


5. Narcotics: The depressant effects of morphine" sulfate are enhanced by anticholinesterase 
therapy. Judicious use is recommended, especially in the postoperative period, and while there 
is usually no need for narcotics in premedication, about 15 percent of MG patients have marked 
painful sensory involvement. 


6. Barbiturates: Pentobarbital sodium, secobarbital sodium, and phenobarbital sodium have 
both central and peripheral effects. While they are used both as premedication and for induction, 
large doses may have an adverse effect on neuromuscular conduction in MG patients by render- 
ing the postsynaptic membrane insensitive to acetylcholine.” 


7. Tranquillizers: Myasthenies are emotionally labile as a group and often need tranquillizers. 
Chlorpromazine intensifies the effects of d-tubocurarine and gallamine." Meprobamate and diaze- 
pam probably depress transmission of nerve impulse in the cord." 


8. Antibiotics: Streptomycin, neomycin, kanamycin, gentamycin, sulfonamide, and colistin 
derivatives (Coly-Mycin,® Cleocin*) all reduce the total amount of acetylcholine released. Part 
of the mechanism lies in their depletive action on calcium, which plays a role in the release of 
the acetylcholine quanta." * 


9. Antihypertensives: Guanethidine, hexamethonium, and trophenium all potentiate the 
effects of depolarizing muscle relaxants. MAO inhibitors have a similar effect." 


10. Diuretics: Such agents as thiazides and furosemide have a potassium-depleting effect, 
thereby enhancing muscle weakness. 


11. Electrolytes: Low sodium," low calcium, and high magnesium" interfere with release of 
acetylcholine. 


11. Bergh NP: Reactions of patients with myas- 15. Hokken E: The aggravating effect of some 
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muscular block. Scand J Clin Lab Invest 5:1-47, 
1953 


12. Thesleff S: The effects of anaesthetic agents 
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37:335-349, 1956 
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combined effects of chlorpromazine and neuro- 
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Changes in Airway Resistance Following Droperidol, 
Hydroxyzine, and Diazepam in Normal Volunteers 


JAMES E. COTTRELL, MD* 
BERNARD WOLFSON, MB, FFARCS+ 
E. S. SIKER, MD: 


The effects of droperidol, hydroxyzine, and 
diazepam on airway resistance (AR), func- 
tional residual capacity (FRC), and thoracic 
gas volume (TGV) were compared, using a 
CPI model-2000 body plethysmograph. 

Significant decreases in AR were seen follow- 
ing droperidol and hydroxyzine at all time in- 
tervals. A significant increase in AR also was 


Te armamentarium of the anesthesiolo- 
gist now includes a large number of 
psychotropic drugs. Although they are used 
primarily for their central nervous system 
effects, the possibility of useful or deleteri- 
ous effects on other systems must be con- 
sidered. 


Recently, Steen and associates! compared 
the effects of diazepam and hydroxyzine on 
airway resistance (AR) and thoracie gas 
volume (TGV) in patients with broncho- 
spastic disease. They found that hydroxy- 
zine significantly reduced both AR and 
TGV, while diazepam had no significant 
effect on either parameter. 


The present study was undertaken to 
compare the effects of hydroxyzine, diaze- 
pam, and droperidol on AR in volunteers 
with normal respiratory systems. 


METHOD 
Eight volunteers, 2 women and 6 men, 
with normal pulmonary function (FEV, 
greater than 70%, FEV, greater than 95%, 


noted 90 minutes after diazepam injection. 
FRC significantly decreased at 60, 90, 120, and 
150 minutes following droperidol, and at 90 
minutes following hydroxyzine, while no change 
was seen following diazepam. 

No significant changes in TGV were seen fol- 
lowing administration of any of the drugs. 


vital capacity greater than 80% of the pre- 
dicted), measured with a National Cylinder 
Gas Pulmonary Function Indicator, took 
part in the study. Ages ranged from 24 to 
29 years and weights from 45 to 80 kg. 
None of the volunteers had a prior history 
of bronchospastic disease. 


Using a Cardio-Pulmonary Instruments 
Corporation model-2000 body plethysmo- 
graph, AR, simultaneous TGV, and FRC 
were measured before intramuscular injec- 
tion of either hydroxyzine (1 mg/kg), diaze- 
pam (0.1 mg/kg), or droperidol (0.07 mg/ 
kg). Measurements were repeated at 30, 
60, 90, 120, 150, and 180 minutes after drug 
injection. Each subject was given three in- 
jections, one of each drug, with 7 or more 
days between injections. In addition, one 
subject received an additional dose of hy- 
droxyzine following the three injections. 
Neither the subjects nor the investigator 
knew which drug had been administered. 


The plethysmograph consists, in essence, 
of a sealed box, within which pressure 
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TABLE 1 


Changes in Airway Resistance (cm H;O/L/sec) Following IM 
Injection of Hydroxyzine, Diazepam, and Droperidol 


Hydroxyzine (8 subjects} 





Diazepam (8 subjects} 
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Droperidol (4 subjects) 








after Infection) Mean + SD ъ= < Mean + SD ъ= < Mean + SD P 
Control 1.88 =+ 0.11 1.86 + 0.10 1.80 + 0.15 
30 140 + 0.15 0.0125 1.94 + 0.11 0.3 1.19 + 0.10 0.01 
60 1.05 + 0.16 0.0005 2.02 + 0.10 0.15 0.96 + 0.08 0.0025 
90 0.071 + 0.15 . 0.0005 2.15 + 0.12 0.05 0.86 + 0.07 0.0025 
120 0.88 + 0.12 0.0005 2.06 + 0.12 0.15 0.81 + 0.11 0.0025 
150 1.28 + 0.14 0.0025 1.98 + 0.12 0.25 0.98 + 0.09 0.0025 
180 1.57 + 0.12 0.05 1.92 + 0.11 0.35 1.04 + 0.12 0.005 


changes are measured, and а pneumotachy- 
graph, through which the seated subject 
breathes and from which flow measurements 
are derived. In addition to box pressure, 
pressure may be measured at the subject’s 
mouth. Using Boyle’s Law, it is possible to 
calculate lung volumes via the pressure re- 
corded. When flow rates are known, AR 
may be calculated. Lung volumes measured 
by this technic include all gas within the 
chest, including trapped gas, in contradis- 
tinction to the more usual closed-circuit he- 
lium technic,? which measures only gas in 
full communication with patent airways. 


RESULTS 
The following results apply to 8 subjects 
in the hydroxyzine and diazepam group but 
to only 4 subjects in the droperidol group, 


-because of unpleasant side effects including 


restlessness, irritability, and insomnia, as 


throughout the study period, the greatest 
reduction being seen 90 minutes after in- 
jection of the agent (table 1). Diazepam 
caused a significant rise at 90 minutes and 
droperidol was followed by a significant re- 
duction at each time interval, the greatest 
effect being seen at 90 and 120 minutes. 


2. Functional Residual Capacity.—A re- 
duction in FRC followed both hydroxyzine 
and droperidol, statistically significant at 
90 minutes following hydroxyzine and at 60, 
90, 120, and 150 minutes following droperi- 
dol. Diazepam caused no significant change 
in FRC (table 2). 


3. Thoracic Gas Volume.—Insignificant 
changes followed administration of hydroxy- 
zine, droperidol, and diazepam (table 3). 


DISCUSSION 
The reciprocal of resistance is conduct- 





ious] rted.? р 
тоу цер | ance. It follows that conductance increases 
1. Airway Resistance.—Hydroxyzine sig- as lung volume increases. If conductance is 
nificantly reduced AR at each time interval divided by lung volume, conductance/liter 
TABLE 2 
Changes in Functional Residual Capacity (ml) Following IM 
Injection of Hydroxyzine, Diazepam, and Droperidol 
Time (minutes Hydroxyzine (8 subjects) Diazepam (8 subjects} Droperidol (4 subjects) 
after injection) Mean + SD Р=< Mean + SD po=< Mean + SD be 
Control 2175 + 117 2167 + 115 2224 + 186 
. 80 2093 + 122 0.85 2186 + 116 0.45 2025 + 184 0.25 
60 1945 + 118 0.10 2164 + 119 0.49 1718 + 141 0.05 
z 90 1792 + 110 0.025 2176 — 120 0.48 1722 -- 145 0.05 
{ ШЕ, 120°: 2006 + 120 0.20 2167 + 118 0.5 1754 + 159 0.05 
ge Use 150 2070 + 124 0.30 2163 + 120 0.45 1785 + 130 0.05 
P 180 2127 + 121 0.40 2153 + 119 0.48 1817 + 144 0.10 





1% . 
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TABLE 3 P 


Changes in Thoracic Gas Volume (ml) Following IM Injection 
of Hydroxyzine, Diazepam, and Droperidol 


Time (minutes Hydroxyzine (8 subjects) 


Diazepam (8 subjects) 


Droperidol (4 subjects) 








after injection) Mean + SD pex Mean = SD ъ= < Mean — SD ple 
Control 5280 + 312 5278 + 311 5360 + 512 
30 5208 + 315 0.45 5287 + 314 0.45 5167 + 441 0.40 
60 4820 + 326 0.20 5290 + 314 0.045 4610 + 437 0.15 
90 4665 + 338 0.10 5295 + 314 0.49 4473 + 422 0.15 
120 5128 + 315 0.40 5292 + 312 0.49 4900 + 431 0.30 
150 5186 + 321 0.45 5292 + 5281 0.49 5915 + 406 0.25 
180 5215 + 310 0.35 5281 + 313 0.49 4840 + 401 0.25 


——————————————————————————————————— 


is obtained, and this is perhaps the most 
valid measurement to use when assessing 
effects on AR, as changes due to lung vol- 
ume are eliminated. Because lung volume 
and resistance were decreasing at the same 
time in this study following hydroxyzine 
and droperidol, changes in conductance/ 
liter were very marked, as seen in the figure. 


There has been much discussion in the 
literature about the respiratory effects of 
these drugs, especially alterations in the 
CO, response curve; however, little infor- 
mation is available regarding their effect on 
bronchiolar smooth muscle tone. Steen 


CONDUCTANCE / LITER 


@—® Hydroxyzine 
О——-О Droperidol 
A&A Diazepam 







Percent Change 


0 30 60 90 120 150 180 
Minutes Post- Medication 


FIGURE. Marked changes in conductance/liter fol- 
lowing hydroxyzine and droperidol. 


found negligible the effect of diazepam on 
AR in asthmatics, while Heionen and 
Muittari* reported subjective improvement 
in asthmatics but no change in AR. 


When used alone, droperidol has been 
shown by MacDonald and coworkers? to be 
devoid of significant respiratory effects, 
Stocker" reported that droperidol had no 
appreciable effects on bronchial size, and 
several studies' ? have suggested that dro- 
peridol may have alpha-adrenergic-blocking 
properties. Both beta- and alpha-adrenergic 
receptors are thought to be present in bron- 
chial smooth muscle. Stimulation of beta 
receptors and treatment with alpha-block- 
ing agents cause bronchodilation.!° These 
responses might explain the marked in- 
creases we found in conductance following 
droperidol administration. 


'The most outstanding effect of hydroxy- 
zine on respiratory parameters is that al- 
ready referred to by Steen's group. It is of 
some interest that the maximum effect on 
conductance/liter reported by Steen was an 
increase of 60%. This must be compared 
with the present results, where the peak in- 
crease was 200%, suggesting that hydroxy- 
zine may be even more effective in dilating 
normal air channels than spastic ones. No 
correlation between hydroxyzine and adren- 
ergic effects has been demonstrated.!! 


Steen's study appears to indicate that 
hydroxyzine is valuable in the asthmatic 
patient. However, its value in the normal 
patient depends on the alterations produced 
in the closing volume (CV)/FRC ratio. 
Much attention has been paid recently to 
the concept of CV and its relationship to 
FRC as a cause of intraoperative and post- 
operative hypoxemia. 


Airway Resistance ... Cottrell, et al 

* Don and colleagues!? showed that both 
the supine position and the induction of 
anesthesia cause a fall in FRC. Recently 
they provided evidence to suggest that this 
alteration in FRC may lead to a reversal of 
the normal CV/FRC relationship (CV less 
than FRC) and may thus lead to air trap- 
ping, the functional effect of which is im- 
pairment of gas exchange. 


It has also been shown recently by Craig 
and McCarthy!? that positive-pressure 
breathing increases both CV and FRC but 
that FRC is increased more than CV. Both 
components of FRC—expiratory reserve 
volume (ERV) and residual volume (RV) 
— were increased, but the increase in CV 
was said to be a result of the increase in 
RV. At the completion of the study, the 
injection of hydroxyzine was repeated in 
one subject and spirometric readings were 
made in addition to the plethysmographic, 
in an effort to investigate further the fall in 
FRC, which was found due to a reduction 
in the RV component. 
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AFTER SINGLE-DOSE ORAL AND IM ADMIN- 


ISTRATION. Plasma diazepam levels were estimated by gas-liquid chromatography 
following a single 10-mg dose given orally (n = 40) or IM (buttocks, 41; thigh, 33) 


to fit young (mean 32 years) patients for minor gynecologic operations. 
levels followed oral administration, reaching a peak at 60 minutes. 


The highest 
Injection into the 


thigh resulted in a more rapid initial rise than oral or buttock. The study reinforces 
an earlier conclusion that, because of unacceptable pain from IM injection, diazepam 
should be given orally when possible. If IM must be used, deep gluteal is preferable 
to fascia lattal. (Gamble, Dundee, Assaf. Anaesthesia 30:164-169, 1975.) 
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In each issue of the Journal an article of 
particular interest and value to anesthesi- 


ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular. commercial firm or its 
product by Anesthesia and Analgesia— Cur- 
rent Researches. 


The Author's Editor 


BARBARA G. COX 


Consultant, Section of Publications 


When a physician or scientist and his editor 
work together on a personal basis, a creative 
interaction takes place. The talents of both 
merge to generate a superior product. And the 
effectiveness of this symbiotic relationship is 
enhanced over time. That is, as the author 
and editor collaborate on more projects, both 


Fe the physician or scientist who writes, 

the editor may be a shadowy being—a 
faceless entity whose cryptic notes deface 
the once-tidy pages of a manuscript. Or the 
editor may be the jealous guardian of a 
journal, insensitive to the pearls of wisdom 
an author places before him. Or he may be 
a disembodied copy editor, capriciously 
altering words and phrases with no regard 
for the author's painstakingly conceived 
prose. 


Few authors see editors as editors see 
themselves—as servants to Scientists, to 
readers, and to the language. Moreover, I 
suspect that long-buried memories of high 
school "English composition," with the 
teacher's impatient criticisms pencilled in 
the margins, evoke unconscious images in 
many authors' minds—images of the humor- 
less scholar, more anxious to find fault than 
to help. 


the quality of the manuscripts and the effi- 
ciency of the writing process improve. Ulti- 
mately, this means that many hours of the 
author's time are freed for his scientific en- 
deavors, the institution saves money, and the 
published material is superior. 


EDITORS: 

THE GENUS AND THE SPECIES 

Editors, like authors, cannot be neatly 
pigeonholed. They come in different shapes, 
Sizes and temperaments. Indeed, there are 
two main species of scientific editors, not 
to be confused with each other. One is the 
journal or book editor—usually first a sci- 
entist and second an editor. This kind of 
editor rarely revises and polishes a manu- 
Script for publication. Generally, he has 
been raised to his editorial post on the basis 
of his scientific eminence and not because 
he is a student of the language. 


On the other hand, the men and women to 
whom I refer as “authors’ editors" or “рго- 
fessional editors" are specialists in bio- 
medical communications. They should be 
professional helpmates to scientists, that is, 
partners in communication. These editors 
work to lighten the load of the scientist who 


Reprinted with permission from Mayo Clinic Proceedings and the author. 
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Editor's Choice 


bften labors long hours into the night on a 
manuscript—because he cannot find 15 
consecutive minutes to work on it during 
the day. They realize how difficult it can 
be for a scientist to disengage himself from 
the masses of data with which he is inti- 
mately familiar and to stand back to view 
his magnum opus from a reader's perspec- 
tive. Quite apart from their ability to ren- 
der an author's prose grammatically correct, 
skilled editors appreciate the necessity to 
help an author guide his readers confidently, 
logically, and persuasively from the begin- 
ning of his story to the end. 


AUTHOR-EDITOR RAPPORT 

Obviously, editorial assistance of this 
magnitude is not easily given without some 
interpersonal transactions. For most authors 
and editors to work effectively as a team, 
they must know each other. Many institu- 
tions provide their scientists with author's 
editors. But even then, a surprising number 
of authors fail to make optimum use of this 
resource, out of apparent ignorance of what 
a professional editor can do to enhance the 
quality of their manuscripts and ап un- 
awareness of the importance of author- 
editor rapport to this process. Such authors 
send their papers through the interoffice 
mail to the editorial department solely for 
grammatical and syntactical review. Authors 
in institutions that have no editorial depart- 
ment are frequently surprised to learn that 
professional editors even exist. Increasing 
numbers of authors who are aware of this 
resource locate free-lance editors? or seek 
the help of consulting firms in biomedical 
communications (a new and flourishing bus- 
iness in large, metropolitan areas). 


How do these professional editors view 
their work? Equally important, how do they 
regard their working relationship with au- 
thors? And finally, how can editors help 
scientists meet their obligation to communi- 
cate with their peers on the printed page? 


THE PLIGHT OF THE 

SCIENTIFIC AUTHOR 
In addition to their other commitments, 
most physicians and scientists must write. 
Part of their professional obligation to the 
scientific community (and indirectly to so- 
ciety as a whole) is to communicate knowl- 
edge to others and to persuade by means 





*Two major sources of access to free-lance editors 
in medicine and the basic sciences are the Amer- 
ican Medical Writers Association and the National 
Association of Science Writers. 
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of the written word—whether it be in arti- 
cles for publication, books, grant applica- 
tions, or reports. Even the letters and mem- 
oranda that constitute part of a day's work 
are important and should be instruments of 
clear communication. Yet, for a great many 
scientists, organizing thoughts into a logical 
sequence and putting them down on paper 
clearly and effectively are arduous tasks. 
Thus, countless hours are spent organizing, 
reorganizing, writing, and rewriting. 


Most scientists who publish in profession- 
al journals work for large institutions, es- 
pecially university medical centers. The 
physician in a large medical center may see 
patients most of the time, and the basic 
scientist may spend the largest part of his 
time in the laboratory, but each must write 
if he is to reach out to his colleagues—both 
within the institution and in the scientific 
community as a whole. Yet, whether we like 
to admit it or not, the average scientist is 
not trained to write. Consequently, he tends 
to tackle the job inefficiently, laboring 
through draft after draft of a manuscript be- 
fore he is satisfied. Even then, he may miss 
his mark—and find out only when a journal 
referee (presumably knowledgeable in the 
author’s field) turns a manuscript down 
because he has failed to grasp important 
points. Or an author may be told that a 
granting agency has rejected his research 
proposal on the grounds of scientific inade- 
quacy, when actually the proposal’s literary 
deficiencies have been more at fault. The 
cost of these efforts to an institution can be 
staggering, although they are as yet un- 
measured. 


WRITING AS AN INTELLECTUAL 
PROCESS 


Writing involves a linear thought process, 
wherein the words are placed on paper by 
a system of priority. Yet many scientists 
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are relatively nonverbal. That is, much of 
their thinking is in images, not in words. 
Einstein, when asked by a colleague whether 
his thought processes about higher mathe- 
matical concepts were carried out in word 
and number images or in visual images, re- 
plied that he definitely thought in visual 
images. 


Writing a scientific report involves a sort 
of translation process from images to words. 
Moreover, the scientist must consider many 
aspects of his work at the same time. Thus, 
many thoughts and images play across his 
conscious mind either simultaneously or 
over a short space of time. He does not 
always sort his ideas out in linear form, the 
way ideas must be sorted to be presented 
most effectively on paper. Consequently, 
when he sits down at his desk, pen in hand, 
he may be frustrated because he must make 
his pen speak the language of the printed 
page. He finds that he cannot lift the scenes 
from his head and lay them on paper easily 
and painlessly. 


THE PROFESIONAL EDITOR AS 
AN INSTITUTIONAL RESOURCE 


Most industries, aware of the merits of 
specialization, hire technical editors and 
writers to ease the writing burden of their 
scientists. Industry, traditionally more con- 
scious of where it spends its dollars than 
universities, pays people to do what they 
do best—and only that. In this respect, the 
scientists in an academic setting is less for- 
tunate than his counterpart in industry. He 
tends to feel that he must be many things 
to many men: not only scientist but teacher, 
administrator, and writer. This charade is 
burdensome to the scientist and expensive 
for the institution. 


Indeed, many medical centers have al- 
ready recognized the cost-effectiveness of 
hiring professional scientific editors to assist 
their faculty. The mere availability of an 
editor does not guarantee his usefulness, 
however. A creative interaction must take 
place between author and editor, and this 
is a learned process. 


THE SYMBIOSIS BETWEEN 
AUTHOR AND EDITOR 
From my experience, the relationship be- 
tween author and editor is most soundly 
established and functions best when the au- 
thor and editor work together on a person- 


to-person basis. Of course, it is possible tô 
edit an author's work without ever meeting 
him. Questions can simply be asked in the 
margins of manuscript pages or sent to the 
author in an accompanying memorandum. 
But many times this limits the editing pro- 
cess to superficial revisions. It deprives the 
editor of access to the author's personal 
feelings about the paper. Without personal 
consultation with the author, the editor may 
be unable to find out where the emphasis in 
a paper really lies or to fill in gaps that the 
author unwittingly leaves. Moreover, some 
authors react defensively to editorial criti- 
cisms pencilled on the typed page. 


Several steps are involved in a productive 
author-editor relationship. If an author has 
never consulted an editor before, he may be 
unclear about just what an author's editor 
does. He may hold the common misconcep- 
tion that an editor “corrects the grammar, 
punctuation, and spelling" in the final draft 
of the paper. And the final draft of the 
paper, of course, is the product of weeks of 
arduous composition, revision, and polish- 
ing by the author. Yet one of the main ob- 
jectives of an author's editor is to persuade 
the author to let go of his paper before he 
has invested long, needless hours in succes- 
sive drafts. Provided that the thoughts are 
well organized, after the first draft the edi- 
tor can usually revise and polish the manu- 
script in a fraction of the time that the 
author would need. 


'The author and editor should discuss the 
paper together briefly before editorial work 
is begun. Often, in this preliminary talk, an 
author will reveal major objectives of a 
manuscript that do not emerge clearly from 
the text. The author himself may have rec- 
ognized weak areas in his paper and may be 
able to point out places where the text has 
bogged down. This discussion provides the 
editor with a better picture of the task that 
lies ahead. 


The actual editorial process is a period of 
intensive analysis and revision—ranging 
from necessary organizational changes to 
simple grammatical corrections. The editor 
helps the author shape his paper for his in- 
tended audience, making the information 
flow logically and clearly. A hundred details 
must be attended to, as the editor strives to 
serve simultaneously the author, the gate- 
keepers of the journal or publishing house, 
and prospective readers. 


A wise editor, as he or she works on the 
manuscript, remembers that authors can be 


= 


Editor's Choice 


very sensitive. Many authors have become 
conditioned negatively by waspish queries 
from distant journal editors and anonymous 
reviewers. Àn author may be quick to be 
defensive. So a skillful editor is tactful and 
constructive in making criticisms. The edi- 
tor and the author must be on the same 
team. 


A final and, I believe, necessary step in 
the editor-author interaction during the 
preparation of a manuscript i8 а conference 
when the editing process has been com- 
pleted. Most scientists dislike writing. Thus, 
when one of their revised manuscripts is 
returned through the interoffice mail with 
an editor's questions attached, it is hardly 
surprising that many an author simply tucks 
it away in a drawer for a few weeks. But 
if the editor sits down with an author to 
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confer about the work, questions can be an- 
swered and the work finished without delay. 


This conference with the editor accom- 
plishes another goal. The author finds out 
why the editor made his changes. At mini- 
mum, this strengthens the editor-author rap- 
port and facilitates negotiation about final 
changes, во that the written product repre- 
sents the synthesis of two minds—the pro- 
fessional scientist and the professional com- 
municator. Ideally, it helps the author learn 
more about sound scientific writing. It helps 
him identify weaknesses in his writing &tyle. 
'This kind of interaction enhances tbe effi- 
ciency of the author-editor relationship over 
time because the author and editor become 
more familiar with each other's work styles. 
'The groundwork is laid for future coopera- 
tion. 


HEIMLICH MANEUVER Food choking, although occasionally mistaken for an acute 


myocardial infarction, can be easily rocogniz 
° 


The author reports the effectiveness of 


lieh maneuver) in clearing an airway obstructed with particulate matter. 
upward thrust applied on the epigastrum consistently expelled а rubber stopper 


ed as the victim cannot speak or breathe. 
mina] infradiaphragmatic pressure (Heim- 


À quick 
rom 


endotracheal tubes placed in anesthetized dogs. Apparently, sudden elevation of the 
diaphragm resulti from abdominal pressure, compresses the lungs and increases 
airway pressure sufficiently to dislodge obstructing material. The maneuver may also 


be applied to drowning victims to facilitate expelling aspirated water. 


Since the 


original description of this maneuver the author has received 162 reports of food 
hone or drowning victims who were “saved” by the application of infradiaphrag- 
matic pressure. Vomiting or damage to intraabdominal organs may occur after this 
maneuver. (Heimlich H: A life-saving maneuver to prevent food choking. JAMA 


2384:398-401, 1975) 
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Some Gas Machine Hazards and Their Elimination 


L. RENDELL-BAKER, MD* 


Constant improvement in anesthetic gas ma- 
chines has been the objective mutually of anes- 
thesiologists, manufacturers, and engineers. 
Yet the literature continues to report mishaps, 
sometimes fatal to the patient, due to machine 
design or function or to “human error." The 


No that international agreement has 
been achieved by the ISO ТС1217 on 
standard 22 and 15 mm fittings for anes- 
thesia and ventilator breathing circuits, 
eliminating difficulties due to multiple non- 
standard fittings, the time is long overdue 
for action on gas machine performance and 
safety standards. Many papers detailing the 
persistent hazards and failures of our pres- 
ent equipment emphasize the urgency of this 
work now occupying anesthesiologists and 
engineers in the US and other countries. 


As examples may be cited the recurrent 
problems with halothane vaporizers, starting 
with the 1962 report of Safar and Galla,! in 
which “the anesthetist had refilled the jar 
of the vaporizer inadvertently to a level 4 
mm above the ‘full’ line” so that “the metal 
inflow tube extended about 1 mm beneath 
the fluid level causing bubbling of the 
N.O-O. mixture through the liquid halo- 
thane.” Three to four times the indicated 
concentration was delivered under these 
conditions. Prompt resuscitation saved the 
patient. The vaporizer was later withdrawn 
from sale. 


This was followed in 1969 by the report 
of Kopriva and Lowenstein,” who described 





International Standards Organization — Technical 

Committee 121, on which the USA is represented 
by American National Standards Institute, Com- 
mittee Z79. 


author reviews some of these hazards and de- 
scribes proposals for their elimination. He 
points out that initiative on the part of anes- 
thesiologists is vital in spurring needed 
changes by manufacturers. 


“a previously unreported hazard in the 
Verni-Trol^ vaporizer.” When the patient 
began to move during skin closure, “the 
halothane flowmeter valve was turned on 
approximately one quarter turn, but the 
rotameter bobbin was not seen. The flow- 
meter control was turned an additional quar- 
ter turn, and it was then noted that the 
bobbin was at the extreme top of the flow- 
meter. The halothane was turned off and 
the system flushed with O». At this time no 
pulse or heart beat was detectable." Again 
resuscitation was successful. 


Inspection showed two of five Verni-Trol 
vaporizers could deliver liquid halothane 
when the bobbin was at the top of the flow- 
meter scale and the vaporizer was filled to 
the *maximum safe level" mark. 'The manu- 
facturer provided valves to limit the pres- 
sure and flow through the vaporizer. 


In 1973, Greenhow and Barth? reported: 
"While checking a . . . new Heidbrink Se- 
ries DM5000 . . . machine prior to use, the 
O, flush was used to fill the circle and reser- 
voir bag. When a breath was taken through 
the mask, a strong odor of halothane was 
noticed." With the vaporizer shunt valve 
open, О„ flushing caused a rapid rise and 
then fall of pressure within the vaporizer, 
producing a surge of 2 to 3 percent halo- 
thane vapor through the delivery hose. 


*Professor and Chairman, Department of Anesthesia, Mount Sinai School of Medicine, New York, New 
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Fic 1. Overfilling is prevented in the new Copper 
Kettle vaporizer (N), by placing the filler on the 
side of the vaporizer at the maximum safe level. 
'The original model (О) had no mark indicating the 
maximum safe level, and the filler on the top did 
nothing to hinder gross overfilling and with it the 
risk that liquid agent would be delivered to the 
patient, with lethal effect 


'The aim of the design engineer should be 
to eliminate as many such mechanical haz- 
ards as possible. Safety should not depend 
upon the user's memory and ability to carry 
out the correct procedure. 


OTHER VAPORIZER PROBLEMS 


Overfilling Hazard with Vaporizer.—The 
original Foregger Copper Kettle* had the 
filler at the top, with no indication of the 
maximum safe filling level. The latest model 
(fig 1) has the filler on the side at the maxi- 
mum safe level, thus preventing overfilling. 
However, the Ohio Verni-Trol* still has the 
filler at the top, permitting overfilling; liquid 
agent would then be delivered to the breath- 
ing circuit with potentially lethal results. 


Wrong Agent in a Kettle Vaporizer.— 
There is nothing to prevent an incorrect 
agent being added, and one is never certain 
what may be in a vaporizer when it has 


27 


been filled by many people in a large hos- 
pital. This is a very real hazard: 


“A 62-year-old white man . . . underwent 
an aortic-femoral bypass operation . . . with 
Fluothane*-N.O-O. anesthesia. . About 
6 hours after the operation, he became agi- 
tated and disoriented, with shallow respira- 
tion. Cyanosis progressed rapidly . . . the 
patient became comatose and died 10 hours 
after operation. It was subsequently discov- 
ered that due to an error trichloroethylene, 
instead of Fluothane, had been placed in the 
Copper Kettle. Histologic examination re- 
vealed acute necrotizing tracheobronchitis 
with focal intra-alveloar pulmonary hemor- 
rhage."! 


Safety Filling Device.—A detachable 
standard agent-specific filling and emptying 
device, like the Pin Safety System, for ket- 
tle-type vaporizers (fig 2) could solve the 
problem. Such a system should automatical- 
ly empty the vaporizer when detached and 
prevent refilling until the mechanism is 
reattached.* 


The Combined O. Flush-Vaporizer ON/ 
OFF Tap used with the kettle-type vapor- 
izer, this has resulted in accidents varying 


*ANSI-Z79 proposed draft standard, Minimum Per- 
formance and Safety Requirements for Components 
and Systems of Continuous Flow Anesthesia 
Machines. 
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Fıc 2. The Fraser Sweatman Pin Safety System. 
This consists of (1) a pin-indexed filling and drain- 
age port on the vaporizer; (2) a flexible connection 
with a slot to match the index pin, and (3) a 
specific thread for the anesthetic agent container 
at the other end, as these containers have different 
diameters and threads. Overfilling is prevented 
also. A detachable version for kettle-type vaporizers 
is under study. (Fraser Sweatman, Inc illustration.) 
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from acute anoxia to the patient's awaken- 
ing. If the vaporizer carrier gas also pro- 
vides the patient's entire O, requirements, 
as may be necessary for induction with 
methoxyflurane, failure to turn the vapor- 
izer on again after using the O. flush leads 
to acute anoxia, as the carrier gas 15 then 
vented to atmosphere and does not reach 
the patient's breathing circuit. 


Unfortunately, not everyone knows this. 
The manufacturer became aware of this 
hazard, but no warning was attached to the 
vaporizer, and the note in the 1966 vapor- 
izer brochure can hardly be termed explicit. 
According to the manufacturer's :1966) 
brochure, “should the anesthesiologist turn 
the Shunt Valve to the OFF position, he 
will automatically isolate the vaporizer, and 
the O, previously passing through the vapor- 
izer will be vented to atmosphere. It will 
then be necessary to maintain a flow of 
metabolic O, from a direct O, flowmeter to 
the patient circuit. By thus acknowledging 
the performance characteristics of the appa- 
ratus, the operator can fully appreciate its 
efficiency with complete safety." This final 
sentence must rate as a masterpiece of 
Orwellian “1984” logic! 


Solution.—Deliver the carrier gas to the 
breathing circuit at all times, even though, 
with the tap OFF, it bypasses the vaporizer. 
Needless to say, the O. flush must always 
be a separate control. 


Foaming of Methoxyflurane in Bub- 
ble-Through Vaporizers.—Guzman and 
Cascorbi? reported: "During induction of 
anesthesia, we turned on 200 ml/min of О», 
to vaporize methoxyflurane in a top-filling 
400-ml Copper Kettle. This mixture was 
delivered to the breathing circle through a 
clear plastic tube which within seconds be- 
gan to fill with a foamy, brownish fluid. Im- 
mediately the patient was disconnected from 
the machine. Since he had not inhaled any 
liquid, he made an uneventful recovery. The 
methoxyflurane had foamed in the Copper 
Kettle, filling the kettle and spilling foamy 
liquid into the delivery tube... a speck 
of sealant applied to the gasket of the lid 
by a professional maintenance man was re- 
sponsible for turning the methoxyflurane 
into a foaming substance. As little as 0.004 
mg of Dow-Corning #11 sealant in 100 gm 
methoxyflurane is enough: it will now foam 
when agitated. . . . We tested seven anes- 
thetics; foam formed only with methoxy- 
flurane, trichloroethylene, and chloroform. 
Methoxyflurane developed by far the most 
persistent foam." 
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Fic 3. Methoxyflurane foaming. This demonstra- 
tion by Fraser Sweatman shows the hazard if 
methoxyflurane in a kettle-type or bubble-through 
vaporizer becomes contaminated with trace quan- 
tities of a silicone compound. The foam produced 
readily spills over into the breathing system, as 
Guzman and Cascorbi reported,’ with potentially 
lethal results. 


Sweatman subsequently reported this 
foam hazard was first drawn to his attention 
by Drs. North and Young in 1968. He later 
became aware that Artusio in 1959, North in 
1966, Dornette in 1967, and Young in 1968 
had all experienced this problem (fig 3). In 
1973, Larsen? reviewed the problem in de- 
tail. As silicone lubricants and sealants are 
widely used in industry and one can never 
be sure they will not be used again some- 
where in the assembly, can one still con- 
sider the bubble-through type vaporizer 
safe? 


Hazard of halothane in a Pentec vapor- 
izer. According to B. King, quoted in Fraser 
Sweatman, Inc, literature, halothane placed 
in a Pentec? methoxyflurane vaporizer in 
error may result in up to 30 percent halo- 
thane vapor being delivered to the breathing 
circuit, with potentially lethal results. The 
Pin Safety System filler (fig 2) would pre- 
vent this if fitted to all vaporizers, and 
should also prevent a vaporizer being 
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Fic 4. The Selectatec vaporizer attachment bar (Fi 
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-aser Sweatman, Inc). This installation provides posi- 


lions for two vaporizers at (1) and (2) but permits only one to be used at any time. Vaporizers may be 


readily interchanged without the use of tools. 


Ernane 


Fig 5. The hazard of inconsistent direction of rotation of controls. Accidents have occurred when phy- 
that turns off O, and the Fluotec vaporizer have in- 
Fluomatic® or Drager Vapor vaporizer in a counter- 


sicians familiar with the counterclockwise rotation 


stinctively turned the control of either a Foregger 





clockwise direction, under the impression that this was “OFF,” when in fact this motion gave the maximum 
vapor concentration. It would be logical to have the direction of rotation of vaporizer controls consistent 
with the gas flow control valves, as there are infinitely more of the latter. (A) O, flow control valve; (B) 
Cyprane-Éthrane vaporizer; (C) Foregger Pentamatic? vaporizer; (D) Drager Vapor halothane vaporizer. 


drained into a thiopental bottle, with fatal 
results if later given to a patient as has 
happened. 


Vaporizers must be connected in parallel, 
for if two vaporizers are opened at the same 
time, halothane contamination of an in- 
series methoxyflurane vaporizer can occur." 
In Murray’s report, 7 percent halothane was 
found in the methoxyflurane! To prevent 
this, gas must NOT pass through one vapor- 


izer after another. The Fraser Sweatman 
Selectatec? (fig 4) and the Drager selector 
systems prevent this contamination. 


Should all controls rotate OFF the same 
way? Clockwise rotation turns OFF the Os 
and the Fluotec®, but turns ON the Foregger 
and Drager vaporizers—a needless accident 
hazard. Logically, all vaporizers must turn 
OFF the same way as the gas-control knobs 
(fig 5). 
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Fic 6. A “flow-critical vaporizer” can be hazard- 
ous! If this Foregger trichloroethylene vaporizer is 
fitted to an Ohio machine, it will empty its contents 
into the bresthing circuit in 2 seconds, as soon as 
gas flows! The reason: It was designed to be at- 
tached to the male 15 mm common gas outlet of a 
Foregger machine, whereas the Ohio machine has a 
female 15 mm fitting at this location. Thus the gas 
flows through the vaporizer in the reverse direction 
to that intended by the designer. 





A “Flow-Critical” Vaporizer will emit 
liquid agent if connected to another make 
of machine the wrong way (fig 6). Hope- 
fully, no new vaporizers will be so designed. 
Future use of standard index-threaded fit- 
tings, permitting the component to be con- 
nected only in the correct position on the 
machine and the correct way, will prevent 
this. 


FLOWMETER HAZARDS 


Where's the Oxygen?— Analysis of air- 
plane accidents shows pilot error to increase 
when layout of controls and instruments is 
inconvenient or unfamiliar." Imagine the 
chaos if some cars had the gas pedal on the 
right and others had it on the left! Yet there 
is no standard location for the O, flowmeter 
on a machine (fig 7). 'The Ohio O, flow- 
meter is on the right, the Emerson-Hopkins 
is on the left, and the older Foregger ma- 
chines have theirs somewhere in the middle! 
Happily, it is agreed all future US-made 
machines will have the O. on the right. But 
most European machines have the О„ flow- 
meters on the left; and, as in Germany by 
law, blue is the standard color for O., the 
possibilities for confusion are legion if US 
and German equipment ever became inter- 
mixed. 








Fic 7. Where’s the oxygen? In the past, the lack of a uniform location for the О„ flowmeter has at 
best caused confusion and at worst injury or death of a patient. Here (A), the Hopkins-Emerson machine, 
has the О» on the left. In (B), the older model Foregger, two O, flowmeters are in the center, with flow 
controls offset from the scales! In (C), the modern Foregger has its O. flowmeter on the right, as will 
all future new US-made machines, following a recent agreement of US manufacturers. 
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* Eger and colleagues!" urged that the O, 
flowmeter be next to the flowmeter manifold 
outlet, to prevent escape of O. through a 
cracked or chipped flowmeter tube before it 
reached the outlet. Bishop’s group!! re- 
ported two such accidents due to this “fun- 
damental fault in the design of the Boyle 
machine." When a hair crack developed in 
the cyclopropane Rotameter, without dis- 
placement of the broken parts, “the О, 
Rotameter, because of its position on the 
upstream side of the bank of Rotameters, 
will indicate a flow of O. which, in the event 
of a leak, will not reach the patient."!! 


Katz!" and, 5 years later, Liew and 
Ganendran,!? reported similar accidents 
with Drager Tiberius machines; again the 
O. flowmeter was on the left, farthest from 
the flowmeter manifold outlet. Liew and 
Ganendran had their problem 4 years after 
the manufacturing company had indicated 
that all its future flowmeter manifolds would 
be designed to deliver the О. to the mani- 
fold outlet despite any leak through another 
flowmeter.! * 


Low Flow, High Hazard.—The accidental 
use of low flows of O. when a high flow is 
intended is a built-in hazard whenever two 
O, flow controls are fitted.!? Mazze?!“ reports 
*death occurred in a 45-year-old man sched- 
uled for hemorrhoidectomy. The anesthesia 
machine was equipped with two separate 
О. flowmeters, one calibrated in milliliters, 
the other in liters. The wrong O. flowmeter 
was used, resulting in 4 L of N.O being 
delivered with 200 ml of O,, rather than 
2 L of О„. Cardiovascular collapse occurred 
and the patient could not be resuscitated." 


Solution.—Provide only one flow control 
valve for each gas! When low and high 
flows are required, two flowmeters placed in 
series are controlled by a single knob. 


Separate Tube, Scale, and Float Hazards. 
— Some manufacturers insist that only by 
using plain flowmeter tubes and hand cali- 
brating an individual scale for each tube 
can adequate accuracy be provided. As seven 
sizes of tube and three different weights of 
floats are used in differing combinations to 
provide the desired flow ranges, only a code 
letter and not the name of the gas is marked 
on the tube. So if the tubes and floats be- 
come separated from their scales, they may 
easily become mixed. It will not then be 
obvious that an error has been made unless 
volumetric checks are made. Though manu- 
facturers caution their personnel not to re- 
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move more than one tube at a time, to err 
is human! 


Malfunction of a New Anesthetic Ma- 
chine.—Walts and Inglove!: failed to pro- 
duce satisfactory anesthesia with the sales- 
man's “demonstrator,” borrowed while their 
machine was being repaired. They found 
that, “by mistake, a small-bore rotameter 
tube had been used in place of the normally 
large-bore N.O tube. No error had been 
made in the scale. So that, at an indicated 
flow of 5 L/min of N.O, the flow was closer 
to 500 ml.” Their problem was not unique, 
for Kelly and Gabel reported: 


The Improperly Calibrated Flowmeter.!* 
— “The 20 to 250 ml/min flowmeter to the 
Verni-Trol of one of our Ohio anesthesia 
machines was broken. The repairman in- 
stalled a replacement which included a new 
scale, tube and bobbin. He did not check 
the flow calibration." When next used, the 
odor of halothane coming from the system 
was unexpectedly strong. “With the flow- 
meter set at 250 cc/min, the measured flow 
was approximately 1500 cc/min. 'This would 
have delivered roughly 6 times as much 
volatile anesthetic agent as the flowmeter 
indicated." Even though the repairman in- 
stalled a complete flowmeter assembly— 
scale, tube, and float—a potentially lethal 
error occurred. This, then, is the true price 
of hand-calibrated accuracy with the pres- 
ent designs. 


Chadwick! described, due to transposi- 
tion of rotameter tubes, "the delivery of 
hypoxic anesthetic mixture to 2 patients 
undergoing general anesthesia for minor 
procedures. The anesthetic machine was a 
regularly maintained Ohio Unitrol® ‘three- 
gas’ table model.” “The rotameter assembly 
was protected by a thick plastic shield, 
which also partly obscured the rotameter 
bobbins when these were at a position of 
zero gas flow. The machine was . . . used 
infrequently." It took two visits by the 
serviceman before the cause was discovered, 
"that, at a rotameter setting of 5 L/min of 
O., a volume of 400 ml was delivered. When 
the plastic cover was removed, it was ob- 
served that the rotameter tube was absent 
from the cyclopropane position; it was found 
to be in the О. (D) position." "In this 
machine, the rotameter tubes were not 
marked by etching on the glass but by scales 
fixed to the back of the rotameter panels, 
and the tubes are plain except for the code 
letter." Surely it is not too much to ask that 
this problem be eliminated once and for all 
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Fic 8. Prototype pin-index system for flewmeter tubes. 
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(Developed by Porter Instrument Company, 


Hatfield, Pennsylvania, August 1974.) Prototype uses slots (1) machined into rear surface of metal 
base for flowmeter tube. When tube is correctly placed, pins (2) in flowmeter housing engage in slots and 
permit tube to be correctly seated. Should an error be made and an incorrect tube be placed in housing, 
pins do not correspond with slots and flowmeter cannot be assembled. 


by using tubes with the scale and gas sup- 
plied etched onto them, or by use of a pin- 
index system for flowmeter tubes (fig 8). 
If, in addition, the balls or floats are all of 
the same size and weight, another chance 
for error is eliminated. 


Touch Identification of O. Control Knobs. 
—Calverley?? suggested and it has been 
agreed that the O. flow control knob shall 
have projections for positive touch identifi- 
cation. All the other flow control knobs will 
remain round (fig 9). 


Prevention of Accidental Hypoxia.—The 
Matteo-Gissen-Lee gas-mixing system?! and 
the Fraser Sweatman Quantiflex MDM Sys- 
tem insure that not less than a preset mini- 
mum proportion of O. is delivered to the pa- 
tient. Accidental hypoxia is thus prevented. 


CONCLUSIONS 


There is little doubt that improvements 
in safety are urgently needed, but before 
they will be made, we anesthesiologists 
must indicate clearly that we will accept 
changes in the familiar apparatus we have 
used for years; the engineers would then be 
willing to make the changes, once they are 
sure other hazards are not thereby intro- 
duced. But first the firms’ directors must 
be convinced that the disruption of the 





Fic 9. Proposed safety O, flow-control knob. Fol- 
lowing Calverley's suggestion that the O, flow-con- 
trol knob have projections to provide positive touch 
identification,” it is proposed that “to make the О, 
flow-control knob physically distinguishable, it 
shall have a characteristic profile" (shown here). “It 
may be arranged to project beyond the knobs con- 
troling other gases in a bank of flowmeters. Its 
diameter shall be not less than the diameter of 
knobs controlling other gases. Other flow-control 
knobs shall be round." (ANSI-Z79 draft standard.) 


status quo is worthwhile. They will base 
their decisions on their sales department's 
report on whether their customers will wel- 
come or at least accept the changes. Thus, 
in the final analysis, if enough anesthesi- 
ologists request, improvements will be intro- 
duced. Improvement awaits our initiative! 
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FLAIL CHEST Intermittent mandatory ventilation (IMV) combined with PEEP sig- 
nificantly shortened the duration of artificial ventilation in the treament of flail chest. 
The duration of mechanical ventilatory support averaged 18.8 days using mechanical 
ventilation with zero end-expiratory pressure compared with 5.1 days in patients 
treated with IMV and PEEP. Duration of stay in the intensive care unit correlated 
directly with the type of ventilatory support (23 vs 8 days). The shorter ventilation 
times support the thesis that flail chest is not an orthopedic problem but one of pul- 
monary contusion. The combination of IMV and PEEP represents an improvement in 
the management of patients with flail chest. (Cullen P, Modell JH, Kirby RR et al: 
Treatment of flail chest. Use of intermittent mandatory ventilation and positive end- 
expiratory pressure. Arch Surg 110:1099-1103, 1975) 
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Cardiac Failure Associated with Hypocalcemia 


J. KENNETH DENLINGER, MD* 
MICHAEL L. NAHRWOLD, MD* 


Hershey, Pennsylvania? 


Rapid transfusion of citrated whole blood was 
associated with acute hypotension and a rising 
central venous pressure in a patient under- 
going pelvic exenteration and hemipelvectomy. 
Evidence of cardiac failure was accompanied 


S EVERE citrate-induced hypocalcemia [se- 
rum ionized calcium (Ca^) concentra- 
tion <0.5 mM/L] has been reported recent- 
ly in pediatric patients receiving massive 
blood transfusions.! Hypocalcemia of this 
magnitude produces asystole in the isolated 
heart preparation? and may result in cir- 
culatory depression in anesthetized man.? 
Previous reports have not utilized direct 
measurements of serum Ca'' activity to sub- 
stantiate the diagnosis of hypocalcemic car- 
diac failure in anesthetized man. In the 
following case history, clinical evidence of 
cardiac decompensation was accompanied 
by marked, but transient, hypocalcemia. 


REPORT OF A CASE 

A cachectic 27-year-old woman weighing 
38.5 kg was admitted to the Clinical Center 
of the National Institutes of Health with 
the diagnosis of recurrent squamous-cell 
carcinoma of the cervix. Extension of her 
disease had produced partial right ureteral 
obstruction; however, renal function studies 
were within normal limits. There was no 
history of cardiopulmonary disease and her 
chest roentgenogram and ECG were normal. 
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by a precipitous decrease in serum ionized 
caleium (Ca^) concentration. When the rate 
of blood transfusion was slowed, arterial blood 
pressure returned to the control level and 
serum Ca * increased. 


With the exception of hypoalbuminemia 
(serum albumin = 2.7 gm/100 ml and glob- 
ulin = 3.9 gm/100 ml), indices of liver 
function were within normal limits. Other 
preoperative laboratóry determinations in- 
cluded hgb, 10.4 gm/100 ml; serum Na+, 133 
mEq/L; СІ, 87 mEq/L; K', 2.7 mEq/L; 
CO. content, 32 mEq/L; total calcium, 4.65 
mg/100 ml; phosphate, 4.8 mg/100 ml. It 
was thought that hypochloremic, hypokal- 
emic alkalosis was the result of gastrointes- 
tinal loss, and that adequate potassium re- 
placement could be achieved intraopera- 
tively. 


After premedication with 8 mg of mor- 
phine and 0.5 mg of scopolamine, anesthe- 
sia was induced with 200 mg of sodium 
thiopental intravenously and maintained 
with 1 to 2 percent enflurane in N.O-O.. 
Succinylcholine (50 mg) was given to fa- 
cilitate tracheal intubation, and 9 mg of 
pancuronium was administered in divided 
doses, as needed, for muscle relaxation dur- 
ing the 13 hours required for total pelvic 
exenteration and right hemipelvectomy. Di- 
rect arterial and central venous pressures 
(CVP) were monitored by Statham strain 
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Figure. Hemodynamic changes and serum ionized calcium measurements during rapid blood infusion. 


gauge. The ECG and esophageal tempera- 
ture were also monitored continuously 
throughout the procedure. 


After 3 hours of anesthesia, the patient's 
arterial blood pressure remained stable at 
120/80 torr, heart rate was 90 beats/min, 
and CVP was 2 torr (figure). Esophageal 
temperature had fallen to 35.1 C; arterial 
blood-gas analysis revealed Pao., 179 torr; 
Paco., 39 torr; and pH, 7.47. Serum Ca^ 
concentration* was 0.94 mM/L (normal 
range = 0.96 to 1.20 mM/L). During the 
following 5-hour interval, 3500 ml of warmed 
citrated whole blood and 40 mEq of KCl 
were administered intravenously. Serum K' 
increased from 2.7 to 3.2 mEq/L. 


Subsequently, an abrupt increase in blood 
loss necessitated transfusion under pressure 
via two large-bore cannulas at an estimated 
rate of 3 ml/kg body weight/min. CVP in- 
creased from 2 to 6 torr, while arterial blood 
pressure decreased from 90/60 to 75/50 torr 
over a 5-minute period. Heart rate was un- 
changed at 100 beats/min during this time 





*Measurement with an Orion Research flow-through 
Ca electrode, Model 99-20. 


and normal sinus rhythm was observed con- 
tinuously. Serum Са“ concentration, how- 
ever, decreased from 0.66 to 0.37 mM/L 
(figure). 


With achievement of hemostasis and re- 
duction in transfusion rate, arterial blood 
pressure increased to 100/60 torr and CVP 
decreased to 4 torr. Arterial blood gases 
were Pao., 254 torr; Paco., 40 torr; pH, 
7.50, and serum electrolyte determinations 
were Na', 140 mEq/L and K', 2.8 mEq/L. 
Although no exogenous Ca was adminis- 
tered, serum Ca increased to 0.88 mM/L 
when the rate of blood transfusion was 
slowed. 


DISCUSSION 


Although the documentation of a hypo- 
tensive event accompanied by hypocalcemia 
does not establish a causative relationship, 
etiologic factors such as surgical manipula- 
tion, anesthetic overdose, cardiac arrhyth- 
mias, hypoxia, hypercarbia, and acidosis 
can probably be excluded in this patient. 
Hypovolemia must be considered as a pos- 
sible cause of hypotension associated with 
massive blood loss; however, this patient's 


36 ANESTHESIA AND ANALGESIA . . . Current Researches Vou. 55, No. 1, JAN.-FEB., 1976 


CVP did not decrease at any time during 
the rapid blood replacement. Although CVP 
changes observed were small, hypotension 
in the face of a rising CVP is suggestive of 
cardiac inotropic failure. Such cardiac de- 
pression may result from hypocalcemia. 


The administration of citrated whole 
blood at 150 ml/70 kg body weight/min 
during a 5-minute interval to normothermic, 
normocarbic, and normocalcemic anesthe- 
tized man results in a 41 percent decrease 
in serum Ca‘ concentration. Hypocalcemia 
of greater magnitude, as observed in our pa- 
tient, is to be expected during multiple 
rapid transfusions.?.^ Hypothermia and liver 
dysfunction may further accentuate the de- 
gree of hypocalcemia by decreasing the rate 
of metabolic clearance of exogenous ci- 
trate.^ 


The spontaneous recovery to normal blood 
pressure with achievement of hemostasis 
and decrease in transfusion rate is consistent 
with the hypothesis that the hypocalcemia 
of citrate toxicity is an extremely transient 
phenomenon, dependent on redistribution 
of citrate in the extracellular fluid Space, 
hepatic metabolism of citrate, and rapid 
mobilization of Ca from bone. In view of 
the extremely rapid changes in serum Ca^ 
which occur during rapid blood transfusion, 
it is not surprising that a safe and effective 
formula for maintenance of normocalcemia 
does not exist. 


When direct measurements of serum Ca^ 
are unavailable, ECG monitoring of the QT 
interval is usually recommended to detect 
severe hypocalcemia. Although hypocalce- 
mia does prolong the QT interval, we were 
unable to detect an increase in QT duration 
by observation of the oscilloscopic trace. 
Colletti’s group? reported that the QoTc 
interval may be a more sensitive index of 
hypocalcemia than the QT interval. The 


QoT interval, derived from a written record? 
ing of the ECG, is measured from the origin 
of the Q wave to the onset of the Т wave. 
Correction for the effect of heart rate is 
made by the formula: QoTe (sec) = QoT 


(sec)/ / RR interval (sec). 


Unexplained cardiac decompensation ac- 
companying rapid blood transfusion is best 
treated by prompt achievement of hemo- 
stasis and reduction in the rate of blood ad- 
ministration. When this is not possible and 
hypocalcemia is a consideration, small doses 
of IV CaCl. (3 mg/kg) may be useful to 
restore circulatory function.’ 
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Effect of Position (Semirecumbent Versus Supine) on 
Postoperative Oxygenation in Markedly Obese Subjects 


ROBERT W. VAUGHAN, MD* 
SPOMENKO BAUER, MDT 
LESLIE WISE, MD: 


St. Louis, Missouri§ 


In 22 markedly obese, otherwise healthy, 
women studied postoperatively on each of days 
1 through 3 after intra-abdominal operation, 
the effect of position change on arterial oxy- 
genation was assessed. There was a statisti- 
cally significant decrease in Рао, an increase 
in А-аро» and a simultaneous modest reduction 
in Paco. with the assumption of the supine 


HE overall incidence of postoperative 

pulmonary complications, and hence 
hypoxemia, is affected by age, sex, duration 
of operation, body habitus, the existence of 
pre-existing pulmonary disease, and ciga- 
rette smoking.! Obese subjects undergoing 
abdominal surgery are recognized as being 
a particularly high-risk group in terms of 
postoperative pulmonary complications.? 
Recently we demonstrated that markedly 
obese subjects, after jejunoileal small bowel 
bypass, manifest significant hypoxemia dur- 
ing the first 4 postoperative days.? Since the 
maximum decrease in Рао, in obese subjects 
occurred on postoperative days 1 or 2, any 
added positional effect on this already exist- 
ent hypoxemia could further compromise 
oxygenation. 


Our present study sought to identify, in 
a group of postoperative obese women, 
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position on postoperative days 1 and 2, but 
no positional difference demonstrable in any 
studied variable by day 3. This report sug- 
gests that during the first 48 hours after 
abdominal surgery in obese patients, assump- 
tion and maintenance of the semirecumbent 
posture is a valuable therapeutic modality to 
improve arterial oxygenation. 


whether a change from the semirecumbent 
to the supine position would alter blood/ 
gas exchange. 


METHOD 


Twenty-two morbidly obese nonsmoking 
women patients without clinical evidence of 
cardiopulmonary disease were studied post- 
operatively on each of days 1 through 3. 
Fourteen of these patients had been studied 
preoperatively. Informed consent was ob- 
tained from each unsedated patient preoper- 
atively. The operative incisions (vertical 
midline) and surgical procedures (jejuno- 
ileal small bowel bypass, liver biopsy, and 
appendectomy) were identical for all pa- 
tients. The overall mean duration of anes- 
thesia was 186 minutes, with a SD of + 23 
minutes. 


Samples of arterial blood were obtained 
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preoperatively from 14 patients and post- 
operatively from all subjects, breathing room 
air for 15 to 20 minutes. The order cf sam- 
pling positions was semirecumbent. then 
supine, each patient serving as her own con- 
trol (semirecumbent). Sampling was anae- 
robic, from the radial artery by direct punc- 
ture, after infiltration of the skin with 0.5 
percent lidocaine, or from an indwelling 
intra-arterial cannula. Arterial blood was 
collected in iced plastic syringes containing 
heparin, and analyzed for Po., Pco., and 
pH within 30 minutes of sampling, in our 
research laboratory. Appropriate corrections 
were made for changes produced by time 
and temperature.4 


The alveolar-arterial O, tension differ- 
ence ( A-aDo.) was calculated as follows:^ 


A-aDo, = Pao. — Pao, where Pao. = 
Pro, РАСО {Fio, + eh. 
J 
Pao, = alveolar Ро,; Paco, = arterial 
Pco;; Pro, = inspired Po»; R = respiratory 
quotient. 


Since Ellison and associates^ reported 
that there was no measurable change in R 
as a result of routine surgical operations, we 
have assumed that R = 0.8 throughout. 


Each arterial sample was taken at least 
4 hours after any narcotic medication or 
respiratory therapy treatments. The arterial 
blood samples were obtained in the semi- 
recumbent and supine positions each morn- 
ing (usually between 0800 and 1000 hr); 
however, beginning in the recovery area and 
continuing throughout the postoperative 
period, all patients were maintained in the 
semirecumbent position. 


Collected data was analyzed by analysis 
of variance within and among the two posi- 
tions studied. Subsequently, the difference 
in means between the control (semirecum- 
bent) and supine positions was submitted 
to Student's paired t-test. 


RESULTS 


This patient sample was young (mean 
age 33.8 yr) and markedly obese (mean of 
140% in excess of ideal weight) (table 1). 
In the 14 patients studied preoperatively, 
no statistically significant difference in any 
blood-gas measurement was seen in the 
semirecumbent versus the supine position 
(p>0.05). Semirecumbent Рао, was re- 
duced (mean 74.7 + 1.8 torr) when com- 
pared to nonobese patients matched for age; 
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Figure. Alveolar-arterial O, tension difference 
(A-aDo.) of 22 women patients in semirecumbent 
compared with supine position on each of post- 
operative days 1 through 3 (mean + SE). On post- 
operative days 1 and 2, a change to supine resulted 
in a significantly greater increase (p < 0.001) in 
A-aDo,. All values obtained with resting patient 
breathing room air. 


assumption of the supine position actually 
improved oxygenation (78.3 + 2.7 torr). 
Mean Paco, (semirecumbent) was 36.8 + 
0.6 torr, while the mean supine value was 
35.1 + 1 torr. Likewise, semirecumbent 
mean A-aDo, was 34.8 + L8 torr, while 
supine the value decreased to 32.9 + 2.8 
torr. 


Postoperatively, there was a statistically 
significant increase in A-aDo. between the 
semirecumbent and supine positions on post- 
operative days 1 and 2; no such difference 
was present by day 3 (table 2 and figure). 
Statistically significant positional differ- 
ences in Pao. and Paco. were demonstrable 
on postoperative days 1 and 2 but not by 
the 3rd day (table 2). 


No significant correlation was identifiable 
for the mean difference (supine-semirecum- 
bent) іп А-аро, with age, weight/height 
ratio, or percent deviation from ideal weight 
on postoperative days 1 and 2. 


DISCUSSION 


No data are available relating the effect 
of changes in body position to A-aDo, in 
postoperative patients, either nonobese or 
obese. Since the postoperative obese pa- 
tient would be at a particularly high risk if 
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TABLE 1 

А. Physical Characteristics of 22 Adult Women Subjects 
1 21 162 154 192 0.95 
2 27 173 156 153 0.90 
3 37 150 116.4 146 0.78 
4 33 175 128.6 103 0.73 
5 31 168 125.5 116 0.75 
6 24 168 155.5 168 0.93 
É 7 38 165 141.8 154 0.86 
E 8 36 163 128.6 137 0.79 
9 38 165 190 240 1.15 
10 39 159 150 188 0.94 
11 34 175 142 124 0.81 
12 30 178 178 173 1.00 
13 52 163 118 117 0.73 
14 27 160 104 97 0.65 
15 4T 163 160 195 0.98 
16 31 177 125 97 0.71 
zh 17 25 178 154.1 136 0.87 
18 29 170 131.4 120 0.77 
19 42 165 125 124 0.76 
20 26 171 119 99 0.70 
21 42 170 128 114 0.75 
22 29 164 104 86 0.68 
Меап 33.8 167 138 140 0.82 
SD 7.5 7 22.3 39.5 0.13 

ғ ^ *Deviation from ideal weight — actual weight (ке) — 189: решти (kg) х 100 


ildeal weight = determined from standard Metropolitan Life Insurance Company height/weight table* 


А using midrange value of medium frame group at each height. 
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TABLE 2 Е 


Postoperative Differences іп Blood-Gas Tensions Related to Change 
in Position (Semirecumbent to Supine) 





Semirecumbent Supine diference alga nnee, sf 
Blood-gas variable Mean SE Месп SE semirecumbent) (^ value) 

Postoperative day 1 

A-aDo. 33.3 2.3 41.0 2.2 7.7 < 0.001 

Pao; 64.2 21 58.6 1.8 —5.6 < 0.001 

Расо, 39.1 0.8 37.4 0.7 —1.7 < 0.01 
Postoperative day 2 

А -аро, 35.9 2.6 43.2 2.4 7.8 < 0.001 

Pao; 60.4 2.1 54.5 1.8 —5.9 < 0.001 

Paco. 40.0 0.9 38.9 0.9 —11 < 0.01 
Postoperative day 3 

A-aDo, 34.4 2.8 34.3 2.7 —0.1 NS* 

Рао, 61.4 2.7 61.5 2.4 0.1 NS 

Paco. 40.5 1.0 40.4 1.1 —0.1 NS 





*NS — not statistically different by Student's t-test. 








Values represent means of 22 adult women patients breathing room air. All units are torr. 


changes in position altered gas exchange, 
we chose to study this group. 


Tucker and Sieker® reported in nonobese 
patients the effect on lung volumes of a 
change from seated to recumbent position; 
significant decreases in all lung subdivisions 
except residual volume occurred. The ex- 
piratory reserve volume, in particular, was 
markedly reduced in the recumbent posi- 
tion. 


Leblane and coworkers® were the first to 
suggest the phenomenon of airway closure 
as a factor which might influence gas ex- 
change with the change in posture. They 
pointed out that, while “closing volume” 
(lung volume at which airway closure start- 
ed to occur) does not change substantially 
with posture, there is a decrease in func- 
tional residual capacity (FRC) in the su- 
pine position, thus increasing the chance of 
the closing volume falling within the breath- 
ing range. If this occurred, ventilation to 
affected regions would be impaired, thereby 
lowering the regional ventilation-to-perfu- 
sion (Va/Qc) ratios. This unevenness of 
ventilation would tend to promote arterial 
hypoxemia. Leblanc further reported in 
nonobese patients that the age at which 
closing volume began within the tidal range 
was about 65 years in the upright position 
and 44 years in the supine. Extrapolation 


of these data to our markedly obese patients 
is not possible. 


Alexander's group! measured postopera- 
tive lung function to identify the mechanism 
of the observed hypoxemia. They demon- 
strated that all lung volumes were reduced 
following abdominal operation; the reduc- 
tions were most severe after upper-abdomi- 
nal operations. In their patients, there was 
à mean reduction of 28 percent in the FRC 
on postoperative day 1. They suggested 
that, after operation, the lung volume at 
which airways close [closing volume (CV) ] 
might remain relatively unchanged while 
FRC decreased. Thus, there would be an 
increased likelihood of maldistribution of 
tidal volume (V4), mismatching of ventila- 
tion with perfusion, and hypoxemia. Sub- 
sequently, they were able to show a signifi- 
cant correlation between the FRC-CV rela- 
tionship and A-aDo,. 


Craig and colleagues!! collected the only 
available data relating the effect of a change 
in posture (from seated to supine) on gas 
exchange. In 22 normal subjects, the change 
in A-aDo, with change in position as well 
as changes in the relationship of breathing 
level (FRC + V4) to CV were evaluated. 
They found that the FRC decreased in the 
supine position, whereas CV was unchanged. 
The A-aDo, changes correlated directly 
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with the degree of impingement of CV on 
the breathing level. However, when sub- 
jects were grouped specifically according to 
weight, age, or smoking history, no effect 
of posture on gas exchange was demonstra- 
ble. 


In contrast to Craig's study in nonoper- 
ated subjects, our postoperative results dem- 
onstrate that, in markedly obese women, 
position has a significant effect on the 
A-aDo,. A possible pathophysiologic ex- 
planation for our findings is as follows: 


(1) Postoperatively, abdominal muscle 
spasm accompanied the wound pain; 


(2) Spasm of the expiratory muscles 
caused a rise in intrathoracic pressure lead- 
ing to reduction in lung volumes, including 
FRC + V4; gas exchange now took place 
at a lower lung volume; 


(3) Subsequent assumption of the su- 
pine posture further accentuated the reduc- 
tion in FRC, moving CV within the breath- 
ing range; 


(4) This worsening of the Va/Qc rela- 
tionship led to a reduction in arterial oxy- 
genation, thereby compromising overall 0. 
delivery. 


It should be noted that there is another 
important factor in the morbidly obese. The 
marked weight of the abdomen can cause 
significant elevation of the diaphragm in 
the supine posture. We did not explore this 
factor in our study. 


CONCLUSIONS 

'This study suggests that, in obese indi- 
viduals, the assumption of the semierect 
posture is a valuable therapeutic modality 
to improve gas exchange after abdominal 
operation. One should be particularly cog- 
nizant of this postural effect on oxygenation 
in the first 48 postoperative hours. 'This pre- 
caution is probably most applicable to the 
older, markedly obese patient with a his- 
tory of cigarette smoking. Prudence would 
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dictate frequent assessment of arterial oxy- 
genation as well as avoidance of the supine 
posture in these high-risk patients. Although 
this positional effect on postoperative oxy- 
genation has not been demonstrated in non- 
obese subjects, one may suspect its occur- 
ence after thoracic and/or upper-abdominal 
procedures. 
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Hypnosis for Monitoring Intraoperative Spinal Cord Function 


ALVIN H. CRAWFORD, MD* 
CLYDE W. JONES, MD} 
JERRY A. PERISHO, MD: 
JOBIN A. HERRING, MDS 


Sen Diego, California! 


In such procedures as the Harrington operation 
for idiopathic scoliosis, evaluation of spinal 
cord function is advisable immediately after 
the back is straightened. The authors have used 
hypnosis for this procedure, as an adjunct to 


Г SEPTEMBER 1972, Pierre Stagnara рге- 
sented a paper! on the advisability of 
checking spinal cord function during spinal 
surgery. As there is always a slight but real 
risk of paraplegia with instrumentation for 
correction of scoliosis, attention has been 
focused on the search for a method of evalu- 
ating spinal cord function during such pro- 
cedures.?:?* The best and most obvious test 
of this function is voluntary motor power.! 


Hypnosis.—At the Naval Regional Medi- 
cal Center, San Diego, we employ Harring- 
ton instrumentation sparingly in the treat- 
ment of idiopathic scoliosis. By awakening 
the patient on the operating table during 
operation, evaluation can be accomplished 
much sooner than waiting until the patient 
is in the recovery room, over 1 hour later. 
We have found hypnosis useful for helping 
the patient cooperate in a series of intra- 
operative tests, moving only the desired ex- 
tremities upon voice command. 





{Macewen GD: Personal communication. 


anesthetic management. Patients are awak- 
ened on the table, given lower extremity tests, 
and are then reanesthetized. The incidence of 
postoperative pain and other discomfort is also 
reduced by hypnosis. 


Hypnosis, as described herein, is a tem- 
porary state of altered attention, induced 
by another person or by the subject him- 
self, in which there is concentration upon 
a very narrow field. In this state, called the 
hypnotic trance, there is heightened sug- 
gestibility on the part of the subject, and 
the hypnotist can direct the subject’s con- 
centration to achieve alterations of aware- 
ness, muscular relaxation, memory, and 
fatigue. Sensory and motor changes can be 
induced and removed during this hypnotic 
state. 


'The use of hypnosis in surgical anesthe- 
sia has been well established. It may be 
used as the sole anesthetic technic or as a 
supplement thereto. Posthypnotic sugges- 
tion is useful for the management of pain, 
muscle spasm, nausea and vomiting follow- 
ing operation. It can also be used to assist 
the patient in deep breathing and coughing 
following abdominal and thoracic surgical 
procedures. 
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Hypnosis . . . Crawford, et al 


*Untoward effects of hypnosis are a matter 
of controversy, but include the danger of 
precipitating or worsening a psychiatric ill- 
ness, of masking symptoms of physical or 
mental disease, and of excessive dependency 
on the part of the patient.” 


Hypnosis is used only as an adjunct to 
the anesthetic management of our patients; 
we do not place excessive dependence on 
the hypnotic aspects but regard the entire 
management as a unit. In conjunction with 
the Department of Anesthesiology, the De- 
partment of Pediatric Orthopedics set up 
the following protocol. 


Protocol.—All patients scheduled to un- 
dergo operation for idiopathic scoliosis are 
admitted to the hospital 2 weeks before 
operation and placed in Cotrel's traction. 
About 1 week before operation, the anesthe- 
siologist gives the patient a complete ex- 
planation of the reasons for the intraopera- 
tive tests, the part hypnosis plays in the 
total scheme, and what hypnosis is. Particu- 
lar emphasis is given to explaining away 
the myths and superstitions regarding hyp- 
nosis, stressing that the patient will also 
receive conventional chemical anesthesia, 
will feel no pain during the operation, and 
will probably not even recall the intraopera- 
tive awakening. A test of “hypnotizability,” 
such as the eye-roll test," is given, and in 
the ensuing week, the patient is placed in a 
hypnotic trance several times, the number 
of times depending on the patient's response 
to hypnosis and degree of cooperation. 


Patients, 15 female and 3 male, ranged in 
age from 12 to 22, 16 being in the 12 to 16 
age group, and one each ages 19 and 22. 
'Their ages and their motivation for a suc- 
cessful outcome of this procedure resulted 
in excellent cooperation by all patients, irre- 
spective of their degree of suggestibility. 
About two thirds were good to moderate 
hypnotic subjects. Because hynosis was not 
the sole technic, this was not of crucial im- 
portance. 


The verbal technic was used for induction 
of hypnosis, achieving hypersuggestibility 
by a state of muscular relaxation. The onset 
and depth of trance were facilitated by 
posthypnotic suggestion and repetition of 
suggestions. The thrust of the suggestions 
during the trance state was directed at the 
simulation of the intraoperative scene and 
the tests of toe and ankle flexion and exten- 
sion to be performed on command. 


During the hypnotic trance, the entire 
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procedure is outlined, with an effort to de- 
scribe the situation in the operating room 
at the time of testing. The suggestions in- 
clude that they will have no fear on the 
day of operation, either before, during, or 
after the procedure. The idea that they 
have control over their skeletal muscles is 
suggested and demonstrated. The part 
played by muscle relaxation in the reduc- 
tion of postoperative pain is particularly 
stressed. It is always suggested that, while 
discomfort will be less, analgesics will be 
available if needed. 


Patients are told that when they awaken, 
they will open their eyes and nod to show 
that they understand. They will not move 
on the table except the feet and legs, as 
instructed by the anesthesiologist. 'Тһе rea- 
sons for their position, the function of me- 
chanical ventilation, of the endotracheal 
tube, and of monitoring and IV equipment 
are explained. The sessions are continued 
one or more times a day until the hypnotist- 
anesthesiologist considers that results are 
satisfactory. 


Intraoperative Management.—On the day 
of operation, the patient is premedicated 
with diazepam and a small dose of narcotic. 
Lactated Ringer's solution is then admin- 
istered by a #14 IV cannula. Induction is 
with Innovar® and diazepam or sodium thio- 
pental IV. A nondepolarizing relaxant is 
administered and, after spraying the larynx 
and trachea, the trachea is intubated by 
direct laryngoscopy. 


Anesthesia is maintained by balanced 
technic, using N.O-O., IV meperidine, di- 
azepam, or thiopental and d-tubocurarine 
or pancuronium bromide, with controlled 
ventilation. By judicious use of small doses 
of meperidine and relaxant intermittently, 
reversal of these drugs is not necessary be- 
fore testing. 


Intraoperative monitoring includes pre- 
cordial and esophageal stethoscope and tem- 
perature, ECG, and Doppler blood pressure 
determinations, central venous pressure, 
arterial blood gases, and sometimes bladder 
indwelling catheterization. 


When instrumentation is completed, the 
patient is awakened by turning off the МО 
and ventilating the patient with 100 percent 
О„. A 30-minute warning signal allows the 
anesthesiologist to “wind down" for the 
test. Instillation of 4 percent lidocaine by 
catheter into the trachea via the endotra- 
cheal tube at this time reduces the chance 
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of reaction to the tube, and sometimes re- 
turn to spontaneous ventilation facilitates 
awakening. The patient blinks when awake 
and, understanding instructions, carries out 
the voluntary tests; when it is demonstrated 
to the surgeon's satisfaction that the cord 
is intact, anesthesia is resumed and the sur- 
gical procedure is completed. 


RESULTS 


We have now successfully monitored 18 
patients using this technic and have experi- 
enced no failures. 'Three of the 18 patients 
represented the deepest trance group, as 
demonstrated by the induction of profound 
limb anesthesia, amnesia, and negative hal- 
lucination. Four staff anesthesiologists and 
5 residents participated. Scoliosis has not 
been severe enough (39 to 109?) to require 
tremendous intraoperative correction, and 
no instrumentation has been used in any 
of our congenital cases. 


These procedures have taken + 5 to 6 
hours of anesthesia time, the intraoperative 
tests being performed about 1 hour before 
the end. No patient has reported recall, nor 
has any patient manifested fear or panic 
during the tests. Two patients moved the 
arms slightly but caused no problem. No 
attempts have been made to induce recall 
of the test by hypnosis, since it is felt that 
this would serve no useful purpose. 


Postoperative Management.—It has been 
noted that these patients required less pain 
medication in the immediate (2 to 3 days) 
postoperative period, but the statistical sig- 
nificance cannot be documented at this time 


and remains only a clinical impression. Post- 
operatively, the hypnotic trance is continued 
by some of the anesthesiologists to decrease 
immediate discomfort, bladder spasm, and 
nausea, as well as to teach the patient auto- 
hypnosis, a valuable adjunct to the toler- 
ance of postinstrumentation appliances and 
immobilization. 


CONCLUSION 


It is our feeling that, far from being a 
mystique, hypnosis is a refined and sophis- 
ticated method of having patients move their 
extremities in a controlled fashion while 
undergoing surgical procedures and anes- 
thesia, where indicated, instead of purpose- 
less flailing. We plan to continue it as out- 
lined, though not to attempt its use as the 
total anesthetic in this extensive surgical 
procedure. 
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METHEMOGLOBINEMIA A patient being treated for an acute myocardial infarction 
and receiving sodium nitroprusside to reduce left ventricular afterload developed 
cyanosis unrelated to hypoxia. After 4 days of sodium nitroprusside treatment (total 
dose 321 mg) cyanosis of the nail beds was noted and the methemoglobin level was 
16%. The authors speculate that their patient had acquired methemoglobinemia, and 
in the absence of exposure to other oxidizing drugs or foodstuffs, that nitroprusside 
or one of its metabolic products was responsible for the symptoms observed. (Bower 
PJ, Peterson JN: Methemoglobinemia after sodium nitroprusside therapy. NEJM 


293 :865, 1975) 
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$1,237,500 Settlement for Brain Damage 
During Appendectomy 


HREE physicians and a hospital settled 
a malpractice suit brought in a Cali- 
fornia trial court for a total of $1,237,500. 


Claiming that the physicians and the 
hospital were negligent in the performance 
of an appendectomy on her son, the mother 
brought an action against them. She claimed 
that they failed to drain his stomach before 
the operation, failed to pass an endotracheal 
tube to assure adequacy of his air supply, 
and failed to monitor his heart and respira- 
tion during the operation with a precordial 
stethoscope. 


The patient had trouble breathing on his 
own after surgery, and the anesthesiologist 
injected Prostigmin to counteract the sup- 
posed effect of curare. The patient immedi- 
ately vomited and aspirated a large quan- 
tity of the material. 


His heart stopped abruptly after he vom- 
ited, but he was resuscitated and left in a 


recovery room. The recovery room nurse 
was not advised that he had suffered a car- 
diac arrest. 


He never awakened from the anesthesia 
and suffered seizures from permanent brain 
damage. At the time of trial, he was unable 
to speak or see and had no bowel or bladder 
control. 


Two medical experts in anesthesiology 
testified that the standard of care required 
the use of an endotracheal tube and a pre- 
cordial stethoscope. They also said that 
Prostigmin should not have been given with- 
out something to avoid the vomiting side- 
effect. One of the experts said that curare 
should not have been used and that blood 
gas tests and X-rays should have been 
ordered. 


The anesthesiologist being sued admitted 
that use of an endotracheal tube was ac- 
cepted practice but said that he had not 


Reprinted with permission from THE CITATION published by the Law Division of the American 


Medical Association. 
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used one in order to save time. He claimed 
that the history of ingestion given by the 
patient's mother was inaccurate and was the 
reason for the complication. 


The operating physician testified that he 
did not order blood gas tests because the 
patient's color had returned to normal just 
after the vomiting. 'The recovery room nurse 
testified that she made the decision to dis- 
continue oxygen when he opened his eyes. 
She also decided whether to give Demerol 
for restlessness and when to discharge him 
from the recovery room. 


The physician who diagnosed the pa- 


tient's appendicitis and brought the operat- 
ing physician into the case settled for 
$50,000, half to the patient and the other 
half to the mother to dismiss a second suit 
brought against him. The hospital settled 
before trial for $87,500. 


At the start of the third week of trial the 
anesthesiologist settled for $1,000,000 and 
the operating surgeon for $100,000. The 
money was placed in trust, with any balance 
left at the patient's death to be returned to 
the insurance carriers for the physicians 
and hospital.—F'ernandez v. Salinas Valley 
Memorial Hospital (Cal.Super.Ct., Monte- 
rey Co., Docket No. 69306, Oct. 28, 1974) 


CORRECTION 


The first paragraph under discussion in the article *Comparison of Methotrimeprazine 


and Meperidine as Components of Balanced Anesthesia" which appeared in the Novem- 


ber-December issue page 754, should read: 


As with other CNS depressants, the preliminary administration of MTM and meperi- 
dine significantly decreased the induction dose of thiopental. In this respect, 0.1 mg/kg 
of droperidol,” 1.5 mg/kg of meperidine, and 0.5 mg/kg of MTM are about equipotent 
and permit 60 percent reduction in the induction dose of thiopental. 


, 


h* 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 1, JAN.-Fes., 1976 


47 


Hemodynamic Effects of Morphine During and Early After 
Cardiac Operations 


EMERSON A. MOFFITT, MD* 
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JAMES R. PLUTH, MD 


Hemodynamics and blood gases were measured 
before and 15 minutes after small (10 mg/70 
kg) doses of intravenously administered mor- 
phine in two groups of patients having open 
heart surgery. In one group, the study was 
undertaken after median sternotomy but be- 
fore perfusion. The other group had been in 
the intensive care unit for approximately 1 
hour. No changes were found in either group 


Рх we investigated the hemody- 
namic effects of small doses (up to 12 
mg) of morphine given intravenously 1 hour 
after open heart operation in 32 patients.! 
With cardiac index relatively low at that 
time (average 2.2 liters/min per m?), no 
significant changes were found in mean in- 
dex, arterial and right atrial pressures, heart 
rate, or peripheral resistance. Because the 
effects were unpredictable in individual pa- 
tients, we extended the study and included 
measurements of left atrial pressure. This 
paper reports the effects of morphine given 
intravenously (10 mg/70 kg) in 7 addition- 
al patients studied postoperatively and 10 
investigated during surgery (but before per- 
fusion). 


in cardiac index, atrial pressures, arterial pres- 
sure, or blood gas variables. However, mean 
systemic vascular resistance decreased from 
41.5 to 35.4 after morphine was given post- 
operatively. Hence, hemodynamically, morphine 
is a safe drug if given in small doses for pain 
relief and sedation early after open heart 
surgery. 


METHODS 


Sixteen of the 17 patients were men. Ages 
ranged from 41 to 73 years and all but one 
had New York Heart Association class III 
or IV heart disease (Table 1). Aortic valves 
were replaced in 11, and 6 received vein 
grafts for coronary artery disease. Anesthe- 
sia utilized nitrous oxide, oxygen, curare, 
and small concentrations of halothane. No 
opiates or other drugs were given, except 
for the morphine for the study. Perfusions 
employed the Bentley bubble oxygenator 
with flows of 2.0 to 2.2 liters/min per m? 
at temperatures of 30 to 32? C. 


After induction of anesthesia, a Teflon 
catheter was inserted percutaneously into 
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TABLE 1 
Patient Data 
""-"——————————————————— 
Meon New York Heart тегове 
Меап Mean surface Association class _ morphine 
Group age (yr) wt (kg) area (m?) Class no. No. pts Operation (mg) 
Intraoperative Aortic valve 
study (10 patients) 55.3 69.7 1.83 III 8 replacement—6, 10 
IV 2 coronary vein 
graft—4 
Postoperative 
study (7 patients) 61.1 14.3 1.86 II 1 Aortic valve 
III 3 replacement—5, 10.6 


IV 3 coronary vein 


graft—2 
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the femoral artery and advanced to the 
thoracic aorta. Ventilation was controlled at 
Fio, of 0.4 to 0.5. After median stesmnotomy 
but before arterial and venous cannulations, 
the studies were carried out. Artertal and 
left and right atrial pressures and heart 
rate were measured and recorded, and arte- 
rial blood was sampled for blood gas deter- 
minations. Duplicate dye dilution curves 
were obtained utilizing transit of indocya- 
nine green from left atrium to thoracic aorta. 
Then, morphine sulfate (10 mg/70 kg) was 
given slowly intravenously. After 15 min- 
utes (without cardiac manipulation) all 
measurements were repeated. Blood gases 
were determined by electrodes at 37° C. 


The postoperative studies were accom- 
plished in the manner previously reported,' 
approximately 1 hour after the patients 
entered the intensive care unit. The se- 
quence included sampling arterial blood, 
measuring and recording right and left 
atrial and arterial pressures and heart rate, 
obtaining duplicate dye curves, and then 
giving morphine intravenously (10 mg/70 
kg). All measurements were repeated after 
15 minutes. No other drugs were given 
before or during the study, but the chest- 
tube drainage was replaced volume-for-vol- 
ume. Assisted respiration via endotracheal 
tube (Fro, 0.4 to 0.5) was employed. Mean 
arterial pressure was assumed to be the 
sum of the diastolic pressure and one-third 
of the pulse pressure. Systemic vascular 
resistance was considered to be the rstio of 
the difference in mean arterial and left 
atrial pressures to the cardiac index. The 
data were analyzed using Student's ¢ test 
for paired and unpaired data, and each vari- 
able was compared before and 15 minutes 
after administration of morphine. (Р <0.05 
was selected as the level of significance.) 


RESULTS 

Measurements of atrial and arterial pres- 
sures, systemic resistance, and cardiac index 
in the intraoperative study are listed in 
Figure 1 and blood gases and heart rate in 
Figure 2. In intraoperative studies (before 
perfusion) , no significant changes other than 
changes in heart rate occurred after admin- 
istration of morphine. 


In the patients receiving morphine post- 
operatively in the intensive care unit, low- 
ered systemic vascular resistance was the 
only significant change (P 0.02) after ad- 
ministration of morphine (Figures 3 and 4). 


Comparison of the two patient groups by 
analysis of unpaired data revealed mean 
arterial pressure and Paco, to be lower 
intraoperatively than postoperatively, both 
before and after administration of mor- 
phine. Both before and after morphine ad- 
ministration, mean right atrial pressure was 
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Fic 1. Mean and standard errors for hemody- 

namics in 10 patients given morphine (10 mg/70 kg) 
after median sternotomy but before perfusion. 
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Fic 2. Heart rate and blood gas variables in 10 
patients given morphine intraoperatively. 
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Fic 3. Mean and standard errors for hemo- 
dynamics in seven patients given morphine after 
1 hour in intensive care unit. 
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Fic 4. Heart rate and blood gas variables in seven 
patients given morphine postoperatively. 
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lower intraoperatively than postoperatively, 
whereas mean systemic vascular resistance 
before administration of morphine was lower 
in the intraoperative study than in the post- 
operative study. 


COMMENT 


After the appearance of the first report 
of the use of morphine intravenously for 
anesthetizing cardiac surgical patients,’ the 
doses prescribed were increased to high 
levels (8 to 10 mg/kg) .?:* As disadvantages 
became obvious,** the usual total dose pre- 
scribed was decreased to a more conserva- 
tive level (1 to 2 mg/kg) .? 


Popularity of the morphine technique has 
prompted considerable investigation of the 
effects of morphine on the heart and cir- 
culation and other body systems. Stoelting 
and Gibbs? studied the effect of morphine 
in the most pertinent model, the cardiac 
patient. In their patients having aortic 
valve or coronary vein graft operations, a 
dose of 1 mg/kg significantly increased the 
cardiac index and lowered the systemic re- 
sistance and arterial pressure. When nitrous 
oxide, the agent most frequently used with 
morphine, was added, both cardiac index 
and arterial pressure decreased. 


'The lack of significant effect of 10 mg of 
morphine administered intravenously 1 hour 
after surgery to a 70 kg patient confirmed 
previous results.! However, this time a sig- 
nificant decrease in arteriolar resistance oc- 
curred. The present group of patients did 
have lower resistance (mean 41.5 U m?) 
before the morphine was given than did 
those in the earlier study (mean 52.6 U m°), 
but the earlier patients were severely vaso- 
constricted and had a lower cardiac index 
(mean 2.14 liters/min per m?). Arterial and 
right atrial pressures and heart rates did 
not differ between groups. Again, we attrib- 
ute the lack of effect to the small dose 
(compared to amounts given for anesthesia) 
of morphine. 


Although cardiac index and left atrial 
pressures were the same, several differences 
in conditions were present between the pa- 
tients studied during surgery and those 
studied after surgery. Arterial pressure, 
right atrial pressure, and systemic vascular 
resistance were lower intraoperatively. Low- 
ered pressure, due to diminished vascular 
resistance, was likely caused by anesthesia. 
Another difference was the lower Paco» 
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during anesthesia due to intentional hyper- 
ventilation. However, even on these differ- 
ent hemodynamics before perfusion, the 
small dose (10 mg) of morphine produced 
no significant changes. 


We also measured left atrial pressure 
because it is a more direct determinant of 
cardiac output than right atrial pressure. 
Neither intraoperatively nor postoperative- 
ly did left atrial pressure change after ad- 
ministration of morphine, a finding consis- 
tent with the unchanged cardiac outputs. 
Therefore, hemodynamically, morphine is a 
safe drug if given for pain relief and seda- 
tion in small doses early after open heart 
surgery. 
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Cigarette smokers have a higher incidence of 


pulmonary complications postoperatively than a comparable group of nonsmokers. The 
authors tested the hypothesis that abstinence from smoking for a short time preopera- 
tively was beneficial. Pulmonary function tests were performed before and for 7 days 
after cessation of smoking in 5 chronic smokers (mean 14 pack/day/year). All had 
normal spirometric measurements (FVC, FEV,) and maximum voluntary ventilation 
before abstinence from smoking. In contrast, all had a significant reduction in flow 
at 25 per cent of the vital capacity (FEV:;) indicating significant small airway disease. 
Cessation of smoking for 7 days produced no change in any of these tests. The authors 
conclude that advice to “stop smoking for even 2 to 3 days before surgery" is inadequate 
preoperative preparation for the patient with obstructive lung disease. Chest physio- 
therapy, bronchodilators and breathing exercises must also be employed. (Chodoff P, 
Margand PMS, Knowles CL: Short term abstinence from smoking: Its place in pre- 
operative preparation. Crit Care Med 3:131-133, 1975) 
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The Pulmonary Absorption-Excretion Volume Effect 


HERBERT RACKOW, MD* 
ERNEST SALANITRE, МОТ 


New York, New Yorkt 


An in-vitro experiment demonstrated the con- 
centration effect of N.O (3% versus 75%) dur- 
ing elimination and during uptake. Other pul- 
monary absorption-excretion phenomena also 
occur simultaneously, as paired events during 
uptake and then during elimination:diffusion 
hyperoxia and diffusion anoxia; alveolar con- 


HE uptake or elimination of N.O in 

anesthetic concentrations involves the 
exchange of significant volumes of this gas 
between lungs and blood.!'? Absorption or 
excretion of these relatively large volumes 
of NO has been associated with changes in 
concentrations of certain alveolar gases. 
'These changes were reported by various in- 
vestigators as different clinical phenomena, 
depending upon which alveolar gas was con- 
sidered and whether uptake or elimination 
of N.O was studied: diffusion anoxia,’ dif- 
fusion hyperoxia,*^ alveolar dilution,* con- 
centration effect," and second gas effect.*-° 


There is a common mechanism for each 
of these phenomena: + 


1. During uptake, absorption of N.O 
draws in an additional inspired tidal volume 
and/or reduces the alveolar volume. 


2. During elimination, excretion of М.О 
does the reverse, decreasing the inspired 
tidal volume and/or expanding the alveolar 
volume. 


Since it is the same volume of N.O and 
the same mechanism that causes all these 


*Professor of Anesthesiology. 


{Professor of Clinical Anesthesiology. 


centration of CO», and alveolar dilution of CO». 
These clinical phenomena, as well as the second 
gas effect, are all related, and the pulmonary 
absorption-excretion volume is found to de- 
pend in part on the type of ventilation:volume 
controlled, pressure controlled, or spontaneous 
respiration. 


clinical conditions, each can be regarded as 
a different aspect of one effect. Therefore, 
the phenomena must all occur together and 
as paired events, one due to absorption of 
N.O during induction and two, its counter- 
part due to excretion of М.О during recov- 
ery. Thus, diffusion anoxia (during recov- 
ery) has, as its counterpart, diffusion hy- 
peroxia (during induction), and alveolar 
dilution of CO. (during recovery) is paired 
with alveolar concentration of CO. (during 
induction). The concentration effect, and its 
associated second gas effect, have only been 
reported during uptake. They should be 
found during recovery also. 


Recently, Eger!? stated that “recovery 
differs from induction by the absence of the 
concentration effect,” basing this on two 
factors: uptake draws N.O from an infinite 
reservoir,§ while the elimination reservoir 
formed by the blood is finite, and uptake 
shrinks the alveolar gas volume while elim- 
ination does not shrink the blood volume. 


Our understanding of the basic mecha- 
nism is different: Uptake draws a finite 





$Changes in tidal volume are discussed below. 
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Fic 1. Gas-washing cylinder used for the “body” 
of equilibration studies. 


volume of N.O from an infinite reservoir, 
and elimination dumps this finite volume 
into an infinite sink. The reciprocal effects 
on tidal volumes and alveolar volumes have 
already been referred to. 


In order to help resolve the disagreement, 
we have studied the concentration effect in 
a simple in vitro experiment during both 
uptake and elimination. 


MATERIALS AND METHODS 

The apparatus used for the in-vitro study 
was a gas-washing cylinder with a sintered 
glass disk at the bottom (fig 1).* The 
"body" was 600 ml of water which almost 
filled the cylinder, leaving a gas space of 
about 25 ml at the top where the standard 
taper 24/40 joint was located. A constant- 
volume Bournes pediatric ventilator or a 
constant-volume Harvard perfusion pump 
forced “breaths” of gas (10095 O. or 3% 
N.O, balance О,, or 75% N.O, balance О.) 
through the sintered glass disk. The gas 
was dispersed into fine mist-like bubbles 
that agitated the water and emerged into 
the air space at the top. There the gas was 
sampled by a sampling pump previously 
described'! and passed through an infrared 
М.О analyzer.} 


*B6040, Scientific Glass, Bloomfield, New Jersey. 
TBeckman Instruments, LB 2 analyzer, modified by 
removing the linearizer. This permitted increased 
gain so that low and high concentrations could be 
analyzed without further adjustment of the instru- 
ment. 


The movement of gas in the system was: 
tank source (100% O», 395 N.O or 75% 
N.O) — rubber breathing bag (fitted with 
a light pop off valve) — constant-volume 
ventilator — “body” of 600 ml H,O — air 
space above Н.О — sampling pump > in- 
frared N,O analyzer. 


The sequence in each study was: 
1. 100% O, for 15 minutes. 


2. 3% N.O for uptake until F,/F,t 
reached 0.99. Ventilation continued for 15 
minutes longer. 


3. 100% O, for elimination of 3% N.O, 
until a concentration of 0.05% N.O was 
reached. 


4. 75% N.O for uptake until F,,/F, 
reached 0.99. Ventilation continued for 15 
minutes longer. 


5. 100% O, for elimination of 75% N.O. 
This constituted one study. Five studies 
were done. 


At frequent periods during each study, 
inspiratory gas was sampled at the rubber 
breathing bag and analyzed for N.O con- 
centration, and the N.O analyzer was cali- 
brated against known N.O concentrations 
delivered from previously analyzed, pre- 
mixed tanks. Equilibration curves were con- 
structed by converting “ехрігаіогу” N.O 
concentrations to F;;/F, ratios and plotting 
against time. 


The water was kept at 0 C. The tidal 
volume and frequency were constant for 
any one study but varied among the stud- 
ies from 1.5 ml to 20 ml and from 25 to 50 
times per minute. 


RESULTS 


All 5 studies, each consisting of uptake 
and elimination of 3% and then 75% N.O, 
showed a faster approach to equilibrium for 
the 7595 N.O for both uptake and elimina- 
tion. In all studies, there was a greater dif- 
ference between the 3% and 75% N.O dur- 
ing uptake than during elimination. Figure 
2 shows a representative study. 


DISCUSSION 


'The in-vitro studies were designed to de- 
termine whether the concentration effect 
occurred for both uptake and elimination. 
There were no physiologic parameters of 





tF,,/F; = “expiratory” concentration of N.O/inspira- 
tory concentration. 
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Absorption-Excretion Volume Effect ... 


cárdiac output or tissue perfusions, etc, that 
could vary and influence the results. The 
model consisted of 2 compartments in series: 
a “body” of 600 ml of water and an air 
space of 25 ml for sampling. The larger size 
of the water compartment weighted the 
sample to reflect predominantly the changes 
in the water compartment more than changes 
in the air space. 


The N.O absorbed from the bubbles dur- 
ing uptake of 3% N.O or added to the bub- 
bles during elimination of 3% N.O could 
not have changed the bubble volume signifi- 
cantly. This was the control uptake-and- 
elimination experiment. 


Absorption of 75% N.O, however, would 
reduce the size of each bubble from that of 
the control (the 3% N.O bubble), and in 
so doing, would increase the concentration 
of the N,O (and O») remaining in the bub- 
ble. This in turn would increase the ten- 
sion gradient and cause more N.O to be 
absorbed. This is the concentration effect 
during uptake (and also diffusion hyper- 
oxia) with constant volume ventilation. 


During elimination, excretion of N.O into 
the bubbles would increase the size of the 
bubble over that of control. This would 
decrease the concentration of N.O (and O.) 
in the bubble, compared to what the con- 
centration would have been had the size 
remained essentially unchanged (as with 
3% N.O). This decrease in concentration 
would increase the tension gradient and in- 
crease further elimination of N.O. Thus, at 
constant inspired volume, there should be 
a faster elimination as well as faster uptake, 
i.e., a concentration effect should occur dur- 
ing both recovery and induction. 


It is important that both the 3% and 75% 
uptake studies reach equilibrium, or the 
same relative position from equilibrium, be- 
fore the elimination studies begin; other- 
wise a comparison of the elimination curves 
is meaningless. An equal time for each up- 
take cannot be considered for this purpose 
because the 75%, uptake is faster than the 
3% uptake. 


In all 5 in-vitro studies, the 75% equili- 
bration curves approached the equilibrium 
limit ahead of the 3% curves for both up- 
take and elimination (fig 2); thus, a con- 
centration effect is seen to exist for both 
induction and recovery. This lends support 
to our interpretation of the dual mechanisms 
of shrinkage and expansion which cause all 
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Fic 2. Equilibration of 3% N,O and 75% N.O 
during uptake and during elimination. 


pulmonary absorption-excretion volume phe- 
nomena.* 


The 3% uptake and elimination curves 
are virtual mirror images; this follows clas- 
sic theory. However, the 75% uptake and 
elimination curves are not mirror images, 
the 75% uptake equilibration curve always 
showing a greater concentration effect than 
does the corresponding 75% elimination 
curve (fig 2). This is explained as follows: 


Assume a water/air ratio of 1 and that a 
breath of 100 ml volume of 75% N5O equili- 
brates with a 100 ml volume of water. In 
the first breath of uptake, 37.5 ml of N.O 
should dissolve in the water, leaving 37.5 
ml remaining in the air. The N,O concen- 
tration in the water should theoretically rise 
to 37.5%, and in the air should theoretically 
fall from 75% to 37.595 (75 ml of NO 
reduced to 37.5 111/100 ml original breath 
volume). With the absorption volume effect 
reducing the total air volume, the concen- 
tration of N.O in the air would be higher 
than 37.5% (37.5 ml N.O/62.5 ml total 
breath volume) and the water/air ratio 
would not be 1. Continued absorption oc- 
curs until the ratio does become 1, at which 
time the concentration would be 50 ml of 
N.O/100 ml Н.О and 25 ml N,0/50 ml gas 
mixture (О, + N.O). It is this further ab- 
sorption that increases the rate of uptake 
for high N.O concentrations, amounting to 
12.5 ml of N,O over and above that which 
would have been dissolved had no shrinkage 
of gas volume taken place. 


After many “breaths” of 7595 N.O, at 
equilibrium, the 100 ml of water would con- 
tain 75 ml of N.O. In the first breath of 
elimination, 37.5 ml of N O should theo- 
retically enter the breath volume, leaving 
37.5 ml of N,O behind in the water. The 
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concentration of N.O in the air should theo- 
retically be 37.5% (37.5 ml N.O7100 ml 
original breath volume). With the expan- 
sion effect, the volume of N.O in the air 
would be 37.5 ml in a total air volume of 
137.5 ml. The partition ratio would be more 
than 1, and further elimination would oc- 
cur until the ratio reached 1. At this time, 
the concentration of NO would be approxi- 
mately 31 ml of N,O/100 ml H,O and 44 ml 
of N.O/144 ml of total air volume. This 
represents 6.5 ml more of N O than would 
have been excreted had no expansion of gas 
volume occurred. This is the concentration 
effect during elimination. It is less of an 
effect than during uptake.* 


The Concentration Effect With Other 
Types of Ventilation.—In the present study, 
a volume-controlled ventilator was used and 
the entire effect of absorption and then ex- 
cretion of М.О was first to reduce and then 
to expand the bubble volume. The same 
effect on the alveolar volume should occur 
in vivo. 


However, with a pressure-limited ven- 
tilator and with spontaneous respiration in 
vivo, other effects occur, due to changes in 
the tidal volume. During inspiration, ab- 
sorption of N.O draws іп an equal, addi- 
tional volume of inspired air. This results 
in a normal end-inspiratory volume of the 
lung and a normal end-inspiratory alveolar 
Рсо,, despite the increased inspired volume. 
In effect, the increased inspired tidal vol- 
ume contracts down (by absorption af N.O) 
to a normal tidal volume. This increases the 
concentration of each gas in the inspired 
volume. 


During expiration, continued absorption 
of М.О reduces the alveolar volume and 
raises the concentration of all alveolar gases, 
O., СО», NO, and halothane, if present. 
With spontaneous respiration, the physio- 
logic response to the increase in Pco. would 
be to increase (further) the next inspired 
breath; in effect, absorption of N.O during 
both inspiration and expiration results in 
the added inspired volume. This causes a 
normal expired volume and a normal Pcoy». 





*An additional factor, not present in vivo, was that 
a decrease in bubble size during uptake increases 
the surface:volume ratio. During uptake, this may 
favor diffusion, if diffusion was a limiting factor 
under our conditions. The reverse during elimina- 
tion may decrease diffusion. This may have further 
reduced the magnitude of the concentratien effect 
during elimination. We thank Dr. W. Perl, New 
Jersey Medical School, Newark, for this sugges- 
tion. 


Elimination is the reverse; the excretion 
of N.O during inspiration reduces the nor- 
mal inspired tidal volume, dilutes the re- 
duced inspired tidal volume, and also dilutes 
the alveolar volume (table). 


Although the concentration effect with a 
volume-controlled ventilator resulted in a 
faster approach to equilibrium during re- 
covery, with a pressure-controlled ventilator 
or with spontaneous respiration, it may re- 
sult in a slower approach. During uptake, 
with pressure-controlled and spontaneous 
respiration, both the concentrating effect 
and the increased inspired tidal volume 
speed uptake. During recovery, however, 
although there is a diluting effect which 
should speed elimination, there is also a 
diminished inspired tidal volume which 
must tend to slow elimination, since it rep- 
resents a form of hypoventilation. 


The difference between uptake and elimi- 
nation, with ventilation other than constant- 
volume ventilation, occurs, because during 
uptake, absorption augments the inspired 
volume and diminishes the expired volume, 
while during elimination, excretion dimin- 
ishes the inspired volume and augments the 
expired volume. The alveolar-capillary ten- 
sion gradient which determines the rate of 
absorption and excretion is a function of 
the inspired volume, not the expired volume. 
Only with a volume-controlled ventilator, is 
inspired volume kept constant. 


Let us assume for the purposes of this 
discussion that with spontaneous respira- 
tion, during elimination, the inspired tidal 
volume is so reduced that the exhaled tidal 
volume and Рсо, are kept constant (table). 
Since the expired tidal volumes are the same 
for elimination of both high and low con- 
centrations of N.O, and the inspired tidal 
volumes are smaller for elimination of high 
concentrations, there must be an overall 
slowing of elimination of high concentra- 
tions of N.O compared to low concentra- 
tions. The larger the volume of excreted 
N.O per breath, the greater the effect. 


During recovery with a pressure-limited 
ventilator, just as with spontaneous respira- 
tion, there is a diluting effect, which speeds 
recovery, and a reduced inspired tidal vol- 
ume, which slows recovery. However, the 
inspired tidal volume is not diminished as 
much as with spontaneous respiration (ta- 
ble), and there should be less slowing. The 
equilibration curve during recovery from 
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75% №0, using constant-pressure ventila- 
tion, should fall between that of :he con- 
stant-volume ventilator and that cf spon- 
taneous respiration; but based on theory 
alone, we are unable to place it reiative to 
the curve for 3%, N.O, i.e., without à volume 
effect. 


If all parameters of uptake and elimina- 
tion were held constant, the uptake equili- 
bration curve of alveolar concentration with 
time would be the mirror image of the elim- 
ination curve, and independent of eoncen- 
tration.’ However, because of the pulmo- 
nary absorption-excretion volume effect, 
ventilation is not a parameter but an addi- 
tional variable. Classic theory of uptake 
holds only as the pulmonary abserption- 
excretion volume approaches zero," that is, 
for low concentrations of soluble gases or all 
concentrations of relatively insoluble gases. 
For high concentrations of №0, the pulmo- 
nary absorption-excretion volume modifies 
the respiratory pattern of the different types 
of ventilation during uptake and efimina- 
tion (table). 


During uptake, spontaneous respiration 
has the largest inspired and expired volume 
compared to other types of ventilation; it 
should have the fastest rate of pulmonary 
equilibration and the maximum pulmonary 
absorption-excretion volume effects эп Ou, 
N:O, etc. As the constant-volume ver tilator 
has the smallest inspired and expired vol- 
umes, it should have the slowest rate of 
equilibration. During elimination, the re- 
verse occurs. As the pulmonary absorption- 
excretion volume approaches zero, the vari- 
ous modifications on all respiratory volumes, 
due to different types of ventilatior, also 
approach zero. 


CONCLUSIONS 


The net pulmonary absorption or excre- 
tion of a relatively large volume ef gas 
causes volume changes in the lung. This 
occurs during the first few minutes of up- 
take or elimination of N,O in anesthetic 
concentrations and results in: (1) = con- 
centrating effect during uptake and a di- 
luting effect during elimination and, (2) 
changes in the inspired tidal volume, the 


end-inspiratory volume, the expired tidal 
volume and/or the end-expiratory volume. 
The type of ventilation, volume-controlled, 
pressure-controlled, or spontaneous respira- 
tion, has an effect on the pulmonary absorp- 
tion-excretion volume. The clinical phe- 
nomena, diffusion anoxia, diffusion hyper- 
oxia, the concentration effect, the second gas 
effect, and alveolar concentration and dilu- 
tion of CO,, are all related and all occur as 
simultaneous paired events during uptake 
and elimination with anesthetic concentra- 
tions of N.O. 
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After difficult intubation in an acromegalic 
patient was encountered, 7 additional acrome- 
galic patients were studied by measuring the 
cricoid width and anteroposterior diameter. 
Cricoid width and anteroposterior diameter 


а сюомшюмх was first described as а 
disease entity by Pierre Marie! in 
1886. Laryngeal and pharyngeal involve- 
ment in acromegaly and the clinical entity 
of dyspnea in association with acromegaly 
were first recorded in 1896 by Chappell,” 
who described a patient dying of respiratory 
failure. At autopsy, a note was made of 
marked hypertrophy of the laryngeal car- 
tilages, thickening and enlargement of the 
tonsils and other soft tissues, and a very 
narrow opening between the vocal cords. 


In 1918, Chevalier Jackson? reported 4 
patients with acromegaly and laryngeal 
morbidity, one of whom required a trache- 
ostomy for what was described as severe air- 
way obstruction caused by overgrowth of 
soft tissue and cartilages. Because of this 
experience, Jackson advocated careful ex- 
amination of the larynx in all cases of acro- 
megaly, as serious stenosis of the larynx 


* Associate Professor, Department of Anesthesiology. 


were generally found to be narrower than in 
a group of normal patients. Such narrowing 
may explain airway problems encountered in 
acromegalic surgical patients. 


could lead to dyspnea and even asphyxia 
due to airway obstruction. 


Grotting and Pemberton* reported that 
fixation of the vocal cords could be seen in 
acromegaly. They proposed that this was 
presumably due to selective growth of the 
tracheal cartilages, with stretching of the 
recurrent laryngeal nerve and subsequent 
cord paralysis. Siegler? described a 35-year- 
old acromegalic woman with dyspnea and 
inspiratory stridor, presumably caused by 
bilateral vocal cord paralysis. Other au- 
+ћогѕ®7 have also reported laryngeal stenosis 
and airway difficulties associated with acro- 
megaly, attributing these problems to the 
enlarged tongue and generally thickened 
tissues of the upper airway. No mention of 
laryngeal measurements is made in any of 
these reports. 


Only one report? has attested to difficul- 
ties encountered during routine intubation 
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of acromegalic patients. Recently, one of 
us encountered difficulty during intubation 
of such a patient. 'This led us to measure 7 
acromegalic patients, as determined by to- 
mography and indirect laryngoscopy, and 
to compare these measurements with those 
of normal men and women of relatively 
similar age and weight. 


'These observations emphasize the impor- 
tance of precautionary preoperative assess- 
ment of airway adequacy in acromegalic 
patients about to undergo surgical anesthe- 
sia. Such attention may well avoid serious 
morbidity during intubation, anesthesia, and 
recovery. 


MATERIALS AND METHODS 


Case Report.—A 43-year-old man weigh- 
ing 88 kg was admitted for elective hernior- 
rhaphy. Because of a mildly abnormal pre- 
operative cardiogram, evaluation by the 
medical service was requested and the pre- 
sumptive diagnosis (subsequently con- 
firmed) of acromegaly was suggested. No 
preoperative otolaryngoscopic examination 
was performed. Clearance for operation was 
given and the following morning, 75 mg of 
meperidine, 10 mg of diazepam, and 0.4 mg 
of atropine were given as premedication at 
0700 hr. 


The patient was transported to the oper- 
ating room where the anesthesia team start- 
ed parental fluids and attached monitoring 
terminals. At 0815 hr, 300 mg of sodium 
thiopental was administered IV, followed by 
80 mg of succinylcholine, and endotracheal 
intubation was approached using standard 
laryngoscopic technics. Adequate visualiza- 
tion of the laryngeal orifice was not difficult, 
yet a size 8.5 and 8 mm Murphy tubes were 
too large to be inserted. The patient’s spon- 
taneous respiratory effort had returned and 
anesthesia was continued with a face mask, 
using halothane-N.O-O. and assisted ven- 
tilation. 


On external examination, laryngeal size 
appeared quite large, yet the opening be- 
tween the vocal cords appeared very narrow. 
During attempts at intubation, occasional 
premature ventricular contractions were en- 
countered. Subsequently, sinus rhythm was 
resumed throughout the intraoperative 
course. No persisting ECG abnormality was 
seen in the postoperative period er at the 
time of discharge from the hospital, 4 days 
later. 


Seven acromegalic patients, ranging from 
26 to 66 years in age, were chosen for laryn- 
goscopic studies. All had received conven- 
tional cobalt radiation therapy in the past. 
With two exceptions, all had had marked 
lowering of elevated growth hormone levels 
toward or into the normal range, but clinical 
signs of smoldering disease were considered 
present in all but one. Each patient under- 
went indirect laryngoscopic examination, 
with careful attention to size of the tongue, 
size and symmetry of laryngeal cartilages, 
and mobility of vocal cords. X-ray examina- 
tion of the larynx consisted of frontal bi- 
planar tomograms and routine lateral soft- 
tissue films. The anteroposterior diameter 
and width of the cricoid cartilage were meas- 
ured (figs 1, 2, and 3). 


RESULTS 


Unfortunately, laryngeal measurements 
of our first-reported acromegalic surgical pa- 
tient were not made. However, of the 7 
additional patients, all had coarse, thickened 
voices and enlarged tongues. No patient had 
either unilateral or bilateral vocal cord pa- 
ralysis. The length of the larynx appeared 
normal on indirect examination but the cri- 
coid width measurements generally showed 
a significant narrowing when compared with 
nonacromegalic patients (table). The an- 
teroposterior diameter was not narrow and 
conformed to data reported from normals 
by Maue and Dickson.5 No apparent differ- 
erences in the thyroid cartilage or in the 
cricothyroid angle were noted. 





Cricoid Width 


Anteroposterior 
Diameter 


Fic 1. Cricoid cartilage measurements (postero- 
superior view). 


Acromegaly ... Hassan, et al 





Fic 2. Plain soft tissue view of larynx in lateral 
projection. 





Fic 3. Anteroposterior tomogram of larynx. 


DISCUSSION 
Previous reports?:45.9 have suggested that 
airway obstructive symptoms in patients 
with acromegaly may be due to enlarged or 
thickened soft tissues of the nasopharynx 
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TABLE 
Cricoid Measurements in Acromegalic (A) 
and in Normal (N) Patients 





Cricoid Anteroposterior 
Age Sex width, mm diameter, mm 
26A M 12 20 
18N M 20 20 
46A F 13 16 
59N F 18 19 
50A F 10 19 
39N M 18 20 
50A M 16 16 
50N M 16 22 
53A F 15 21.5 
TIN F 15 23 
63A M 15 22 
65N M 21 22 
66A M 15 24 
75N M 15 25 


and larynx or associated vocal cord paraly- 
sis. Our group of 7 patients did not show 
strikingly thickened soft tissues of the lar- 
ynx and none demonstrated recurrent la- 
ryngeal nerve palsy. However, increased 
hoarseness in a number of these patients 
could be due to some increased thickening 
of the vocal cords. 


The tongue, although thickened in all, in 
itself would not appear to render intubation 
particularly difficult or materially lead to 
symptoms of dyspnea. The combination of 
significant decrease in the width of the cri- 
coid arch associated with an enlarged tongue 
could nevertheless hamper a smooth intuba- 
tion and lead to associated problems during 
the surgical procedure and in the postanes- 
thetic period. Actual visualization of the 
vocal cords may be extraordinarily diffi- 
cult.’ 


Intubation may be thwarted because of 
generalized thickening of laryngeal and 
pharyngeal structures, while anesthesia 
problems may arise because of the large 
nose, hypertrophied and obstructing nasal 
cartilages, prognathism and spreading teeth, 
and an unusually large tongue. The enlarged 
nose and fleshy facial soft tissues may effec- 
tively prevent adequate fitting of an anes- 
thetic mask. 


Recommendations for avoiding some of 
these problems? have included: 
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1. Preoperatively, the upper airway should 
be examined carefully, and accurate assess- 
ment made as to anticipated intra- or post- 
operative difficulties. 


2. Intraoperatively, if difficulties in main- 
taining an adequate airway are anticipated, 
awake oral or nasal intubation under topical 
anesthesia or preoperative tracheostomy 
should be seriously considered. 


3. Jackson's “sniffing” position,!? with 
profound relaxation, is best for tracheal 
intubation. 


4. Close postoperative observations of 
these patients will help prevent further air- 
way complications. 
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THE EFFECT OF PROLONGED BREATHING OF О. IN HIGH CONCENTRATION 
ON THE RESPIRATORY SYSTEM: EXPERIMENTAL INVESTIGATIONS. Although 
no attempt was made to extrapolate results from dogs to man, statistically impressive 
data were derived from a study of 17 dogs (7.5 to 30 kg) investigated to answer 3 
major questions: (1) What is the effect (in dogs) of breathing 100% О» at 1 atm (600 
torr) for up to 48 hours? (2) Can controlled respiration alter the action of prolonged 


O: breathing in high concentrations? 


(3) What, if any, pulmonary damage results 


from breathing? Assessment of the cardiorespiratory system was based on an analysis 
of indices determining (1) respiratory mechanics, (2) ventilation:perfusion relation- 
ships, (3) gas-exchange values, (4) О, transport and utilization in tissues, (5) mor- 
phologic lung changes. The author concludes: (1) All dogs showed pulmonary damage 
after 30 hours, changes beginning by the 12th hour and appearing during spontaneous 
as well as mechanical О. ventilation. (2) Respiratory rate, А: a ratio, and pulmonary 
shunting increased; lung compliance decreased; CO» excretion was impaired. (3) Pul- 
monary morphology showed extensive atelectasis and exudative reaction. (4) Mechani- 
cal respiration increased the O.-induced damage. (5) Long-term quiet breathing of О 
also disturbed the V/Q ratio. (6) If long-term high concentrations of О» must be admin- 
istered, Pao. should not be permitted to exceed 100 torr, as dysplasia bronchopulmonalis 
is likely to result even earlier in man than in dogs. (Szreter. Anaesth Resusc Intensive 


Ther 1:305-324, 1973.) 


Te 
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Caudal Analgesia for Quadruplet Delivery 


EZZAT ABOULEISH, MD* 


During the period January 1969 to November 
1974, in a total of 39,800 deliveries, there were 
two sets of quadruplets. Both parturients had 
been taking ovulation-inducing drugs. Mater- 
nal problems were distended abdomen and 
heavy uterus, causing supine hypotension and 
lordosis; toxemia of pregnancy; increased pos- 
sibility of hemorrhage before, during and/or 
after delivery; edema of the back; mental de- 
pression. The fetal problems were prematurity ; 
intrauterine growth retardation; increased pos- 
sibility of transfusion syndrome and prolapsed 
cord; increased obstetric manipulation. 

An adequate number of obstetricians, pediatri- 
cians, anesthesiologists, and nurses, necessary 


А т^ for management of patients 
with multifetal gestation has a vital 
role in the welfare of mother and neonates, 
yet in extensive literature on the obstetric 
management of four or more fetuses, anes- 
thetic problems and management is not dis- 
cussed in detail.!!? 


At Magee-Womens Hospital from Janu- 
ary 1, 1969 to November 30, 1974, in a total 
of 39,800 deliveries, two sets of quadruplets 
were born. Both mothers delivered their 
quadruplets within the last year period, and 
both had taken ovulation-inducing drugs. 
The use of such drugs increases the inci- 
dence of multifetal gestations by increasing 
the frequency of multiple simultaneous ovu- 
lations. In several series in which these 
drugs had been used thirty to 50 percent of 
women who conceived had multiple gesta- 
tions, including quintuplets, sextuplets, and 
septuplets.!? The anesthesiologist will en- 
counter cases of multifetal gestations with 
increasing frequency; therefore, he should 
be aware of the problems involved. 


equipment, and blood and blood components 
should be available. Early hospitalization is 
necessary. Close observation of the patient 
before, during, and after delivery is essential. 
The patient should stay on her side through- 
out labor. General anesthesia may add to fetal 
depression and increase the possibility of uter- 
ine atony. Spinal or lumbar epidural anesthe- 
sia may be difficult because of the associated 
lordosis and back edema. Caudal block allowed 
intrauterine manipulation, provided adequate 
analgesia, permitted high Fioz administration, 
and did not interfere with voluntary bearing 
down when required. 


CASE REPORTS 

Case 1.—A 33-year-old Caucasian woman 
was treated for primary infertility and oligo- 
ovulation due to polycystic ovarian syn- 
drome. The first fertility drug used was 
clomiphene citrate (Clomid®), without suc- 
cess. The administration of human post- 
menopausal gonadotropins (Pergonal^) for 
a 3-month period was followed by concep- 
tion of quadruplets. 'The patient's pregnancy 
course was uneventful. At about 30 weeks 
gestation she was admitted to the hospital 
and arrangements were made to have ade- 
quate personnel and equipment for anesthe- 
sia, delivery, and neonatal resuscitation 
available at any time. 


At 0800 on November 10, 1973, at 35 
weeks gestation, the patient was admitted 
to the labor suite with irregular contrac- 
tions. Her height was 170 cm and her 
weight at this time was 75 kg. The cervix 
was 2 to 3 cm dilated and the head of the 
first fetus was at —2 station. BP was 120/ 
80, pulse rate was 68, temperature was 
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36.7 C, and urinalysis was negative for al- 
bumin and dextrose. 'Тһеге was marked 
abdominal distention and lordosis but land- 
marks at the caudal hiatus were easily iden- 
tified. She was relatively comfortable and 
did not require medication. 


At 1530, she started to feel uncomfort- 
able; the cervix was 8 to 9 cm dilated with 
the fetal head at +1 station and she was 
transferred to the Delivery Rocm, where 
two obstetricians, four neonatologists with 
necessary equipment for resuscitation and 
incubators, one anesthesiologist, two nurse 
anesthetists, and obstetric nurses were wait- 
ing. A 20-gauge Teflon epidural eatheter* 
was inserted without difficulty into the 
caudal canal in the left semiprone position. 
To reduce the total dose of local anesthetic 
and to reach an adequate height of segmen- 
tal block, a large segment of the epidural 
catheter, 12.5 cm, was left in the caudal 
canal to reach a high level.2° 


After a negative aspiration test for blood 
or cerebrospinal fluid, a test dose of 4 ml 
of 0.5 percent bupivacaine was injected. 
Five minutes later, a therapeutic dose of 19 
ml of the same solution was slowly injected. 
The patient remained on her left side for 
10 minutes, then gently turned to the other 
side where she remained until delivery time. 


She was given 600 ml of 5 percent dex- 
trose in water through an IV cannula within 





*Deseret Radiopaque Epidural, Deseret Pharma- 
ceutical Company, Sandy, Utah. 
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15 minutes after the test dose, was closely 
monitored, and given O, by transparent 
plastic face mask. Within 20 minutes after 
the test dose, analgesia was adequate and 
extending on both sides to T-10 and vital 
signs remained stable. When the cervix was 
fully dilated, she was able to bear down 
while still on her side. 


At 1630, the patient was transferred to 
the delivery table, put in lithotomy position 
with uterus displaced to the left, and O, 
administration was continued. Delivery of 
the quadruplets was uneventful and all were 
viable. Apgar ratings and other data are 
summarized in table 1. 'The interval be- 
tween delivery of the first and last fetuses 
was only 19 minutes. The placentas were 
manually removed and the uterus was con- 
tracting well. 


At 1720, the patient was transferred to 
the Recovery Room and the caudal catheter 
was removed 1 hour later. During the de- 
livery and the postpartum period, the esti- 
mated blood loss was about 700 ml and a 
total of 2000 ml of 5 percent dextrose in 
H,O was infused. A total of 10 units of oxy- 
tocin (Pitocin?) was infused with the IV 
drip. The mother's postpartum course was 
benign and she was discharged in 6 days. 


None of the guadruplets required more 
than suction and O, by face mask and bag 
for about 2 minutes. However, Baby C was 
grunting and had transient tachypnea and 
retractions. O, was administered and his 


TABLE 1 
The First Set of Quadruplets (11/10/73) 





A B с D 
Method of delivery Low forceps Breech Breech Breech 
Time of delivery 1641 hr 1646 hr 1653 hr 1700 hr 
Sex Female Male Male Female 
Weight, gm 2210 1800 1790 2010 
Age at first breath, min 1 1 1 1 
Age at first cry, min 1 3 2 2 
Age at sustained 1 1.5 1,5 15 
respiration, min 
Apgar 1 min 9 6 5 6 
Apgar 5 min 9 9 9 9 
Method of resuscitation None Bag and mask Bag and mask Bag and mask 

(1 min) (1 min) (45 sec) 

Weight at discharge, gm 2185 2290 2220 2160 
Date of discharge 11/28/73 12/3/73 12/3/73 11/26/73 


Jos 
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initial blood gases on 40 percent О„ showed 
a pH of 7.24, Расо 44 torr, Pao» 44 torr, 
and base excess —5. Four hours later, blood 
gases on room air showed pH 7.36, Расо» 
40, Рао, 48, and base excess —2. He pro- 
gressed satisfactorily without need for in- 
tubation, and all quadruplets were dis- 
charged alive and well. 


Case 2.—A 26-year-old Caucasian woman, 
155 cm in height, gravida 2, para 1, con- 
ceived on human postmenopausal gonado- 
tropins (Pergonal) and was closely followed 
as an outpatient. At 22 weeks gestation, a 
diagnosis of quadruplets was confirmed and 
she was admitted for close medical manage- 
ment and forestalling premature labor. Her 
hospitalization was uneventful except for 
two episodes of threatened premature labor 
at 28 weeks gestation and again 10 days 
later; both were controlled by IV alcohol 
administration. Because of her very dis- 
tended abdomen and heavy burden, the pa- 
tient was unable to care for herself during 
the last trimester. 


On September 15, 1974, at 34 weeks ges- 
tation, the patient developed spontaneous 
labor. She weighed 68 kg and was markedly 
lordotic, with edema of back and lower 
limbs, BP 150/90, pulse rate 82, and a trace 
of proteinuria. At 2300, the cervix was 4 
cm dilated and a caudal catheter was in- 
serted in the left semiprone position. In 57 
minutes, the cervix became fully dilated and 
she was ready for delivery. A test dose of 
4 ml of 1.5 percent mepivacaine was injected 
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through the caudal catheter, followed in 5 
minutes by 15 ml of the same solution. She 
was then transferred to the delivery table, 
put in lithotomy position, uterus displaced 
to the left, and О, was administered. In 10 
minutes, BP became 120/80 and analgesia 
level, using а pinprick, reached T, on the 
left and T,, on the right side. 


Quadruplets were delivered in 42 min- 
utes under adequate analgesia (table 2). 
Fifty-five minutes after the first dose of 
mepivacaine, the patient started to feel un- 
comfortable, and since obstetric difficulties 
were anticipated, the caudal block was “re- 
activated," using 15 ml of 0.5 percent bu- 
pivacaine. 


Massive bleeding followed delivery of the 
fourth fetus. The uterus and cervix were 
intact but there were several vaginal lacera- 
tions. After 2 hours of attempting to con- 
trol the bleeding with sutures, a vaginal 
pack was inserted and the patient was trans- 
ferred to the Recovery Room. However, 
her condition deteriorated, a suprapubic 
mass was palpated and exploration under 
anesthesia was decided. Fifteen minutes be- 
fore general anesthesia, she received 15 ml 
of 0.3 M sodium citrate in 20 percent syrup 
to raise the pH of the intragastric contents. 
In the operating room, 0.4 mg of atropine 
and 3 mg of d-tubocurarine were adminis- 
tered IV. Anesthesia was induced by “crash 
induction” using thiamylal (250 mg) fol- 
lowed by 100 mg of succinylcholine. Anes- 
thesia was maintained with N.O and О» 





TABLE 2 
The Second Set of Quadruplets (9/16/74) 

A B c D 
Method of delivery Low forceps Breech Mid-forceps Mid-forceps 
Time of delivery 2426 hr 2430 hr 2446 hr 0108 hr 
Sex Male Female Male Male 
Weight, gm 1550 1520 1440 1420 
Age at first breath, min 1 1.5 1 1.5 
Age at first ery, min 1 2 1 2.5 
Age at sustained 
respiration, min 1 3 1 3 
Apgar 1 min 8 4 8 4 
Apgar 5 min 10 9 9 8 
Method of resuscitation None Bag and mask None Bag and mask 

(2 min) (2 min) 

Weight at discharge, gm 2100 2240 2140 2320 
Date of discharge 10/17/74 10/17/74 10/23/74 10/23/74 
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(4:2), 2 ml of Innovar?, and succinylcholine 
drip. On removal of the vaginal pack, a 
hemocolpos was found. Evacuation of the 
hematoma revealed a spurting vaginal ar- 
tery, ligation of which controlled the bleed- 
ing. The patient was then sent to the re- 
covery room for observation. The total esti- 
mated blood loss, 2500 ml, was replaced by 
7 units of blood. Urinary output was ade- 
quate. Thereafter, the patient's stay in 
the hospital was uneventful except for tem- 
porary mental depression. She was dis- 
charged on September 25, 1974, in good 
condition. 


Babies B, C, and D developed mild re- 
spiratory distress syndrome at between 45, 
50, and 60 minutes of age, respectively. 
Baby B required 24 to 30 percent O. with 
5 percent NaHCO, for 1 day. Babies A and 
D developed transient hyperbilirubinemia 
that responded well to phototherapy. Baby 
D developed F coli sepsis, which was treated 
with antibiotics. All babies did well and 
left the hospital alive, each weighing above 
2000 gm (table 2). 


DISCUSSION 


Many problems should be considered be- 
fore choosing an anesthetic technie or drug 
for quadruplet delivery. 


A. Maternal Problems.—Marked abdom- 
inal distention and a heavy uterus cause 
dyspnea and supine hypotensive syndrome; 
therefore, the parturient should stay on her 
side throughout labor, and the uterus should 
be displaced to the left throughout delivery. 
If epidural or caudal analgesia is used dur- 
ing labor, the patient is gently turned to 
the other side 10 minutes after injection of 
the local anesthetic, to obtain bilateral 
analgesia, where she stays until delivery 
time. 


Marked lordosis due to abdomina! disten- 
tion makes flexion of the back and “open- 
ing” of the interlaminar spaces extremely 
difficult. Therefore, a midline appreach for 
epidural or spinal is not advisable and a 
paramedian or lateral approach is required. 


Superimposed toxemia, such as pre- 
eclampsia, is more common with multifetal 
gestation than in single pregnancy. Although 
the total blood volume in multiple gestation 
is higher than in single pregnancy, with 
toxemia complicating the former, the blood 
volume is less than expected.?! Therefore, 
the mother with quadruplets may he hyper- 
tensive, hypovolemic, anemic, coagulopath- 


ic, edematous, and may excrete salt poorly. 
If toxemia occurs, certain precautions are 
required to avoid an excessively high block, 
hypovolemia should be corrected with plas- 
ma or low-salt plasma expanders rather than 
salt solutions, anemia should be corrected 
with packed red cells if required, blood co- 
agulability should be closely followed, and 
blood components be readily available. 


Bleeding may occur before, during, or 
after delivery because of premature separa- 
tion of the placenta, increased obstetric in- 
terference, and/or postpartum uterine atony 
combined with a large placental site. Close 
observation of the mother, particularly in 
the postpartum period, is essential. 


The patient is usually confined to bed 
during the latter part of her pregnancy. 
Thus, edema of the back, with or without 
toxemia, is not infrequent, adding to the 
difficulty of lumbar epidural or subarach- 
noid block. Therefore, the mother’s back 
should always be examined early in labor 
before deciding on the anesthetic technic. 


Mental depression is more common than 
with single pregnancy because the mother 
feels it will be difficult to raise four children 
at the same time. She is bored with the 
early hospitalization and suffers discomfort, 
dyspnea, and difficulty in moving. The ob- 
stetric team, including the anesthesiologist, 
should be cheerful and encouraging. Social 
workers and public relations personnel play 
an important role in supporting the mother 
mentally and providing means to support 
the family financially. 


B. Fetal Problems.—Quadruplets have a 
high perinatal mortality and morbidity rate, 
and anesthesia should not be an added fac- 
tor. 


Because of uterine overdistention, pre- 
mature labor is a major problem. Because 
of the limited blood supply, intrauterine 
growth retardation is common.’ “Transfu- 
sion syndrome,” or intrauterine “stealing,” 
can cause problems to one fetus or more, 
leading to further growth retardation and 
anemia.?? Contraction of the placental site 
or its premature separation following deliv- 
ery of one or more fetuses can jeopardize 
the undelivered ones. These conditions make 
the fetuses highly susceptible to depressant 
drugs including anesthetics, limit their re- 
serves, and make them easily susceptible to 
obstetric trauma. 


Since depression secondary to general an- 
esthesia is proportionate to the duration 
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айа depth of anesthesia,?? and since it takes 
longer to deliver four fetuses than one, gen- 
eral anesthesia is not the method of choice 
for vaginal delivery. 


If the membranes are ruptured and the 
presenting part is not well engaged, pro- 
lapse of the umbilical cord can occur, re- 
quiring immediate interference. This prob- 
lem is more frequent with multiple gesta- 
tion because of the small size of the fetuses 
and high incidence of abnormal presenta- 
tion. Adequate analgesia during parturition 
should therefore be available to allow for 
immediate intrauterine manipulation if cord 
prolapse occurs. 


Obstetric manipulations are more com- 
mon with multiple gestations than with sin- 
gle pregnancy, because of increased inci- 
dence of such conditions such as prolapsed 
cord, malpresentation, and interlocking. It 
is usually thought that drug-induced uterine 
relaxation is required for intrauterine ma- 
nipulations; this is true for single preg- 
nancy, but with multifetal gestation, uterine 
relaxants are not required because the uter- 
us is usually very distended, the fetuses are 
usually small, and drugs such as halothane 
or ether add to the imminent danger of 
postpartum atony and hemorrhage. 


To minimize obstetric manipulations, 
which increase maternal and fetal risks, 
the mother's ability to bear down should be 
preserved. Therefore, drugs that interfere 
with her state of consciousness or motor 
power should be avoided. 


C. Anesthetic Problems.—Anesthetic 
agents or technic used should not reduce 
the already compromised uterine blood flow. 
Therefore hypotension, supine position with- 
out left lateral displacement, alpha--stimu- 
lants, positive-pressure ventilation, and 
alkalosis?? should be avoided. Adequate 
oxygenation of the mother, preferably al- 
lowing a high F10., should be considered in 
any anesthetic technic for the delivery of 
quadruplets. 


Considering all these problems and re- 
quirements, epidural analgesia combined 
with O. administration, seems best for de- 
livering quadruplets. Combined lumbar and 
caudal epidural (double-catheter technic) 
is the ideal approach where segmental lum- 
bar epidural is used for 1st stage of labor, 
and both lumbar and caudal epidural for 
the 2nd stage. However, in our cases, the 
patients were relatively comfortable during 
the Ist stage and technical difficulty in per- 
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forming lumbar epidural was anticipated 
secondary to marked lordosis and edema of 
the back. 


Caudal analgesia alone in these condi- 
tions proved satisfactory and should always 
be considered for the delivery of quadrup- 
lets, but there are cases in which caudal 
analgesia is difficult or impossible, owing 
to anatomic variations or extreme obesity. 
Provided the problems and requirements of 
quadruplet delivery are well understood, 
technics other than caudal have been safely 
used, depending on the circumstances and 
the experience of the anesthesiologist and 
other members of the obstetric team. 


General anesthesia for cesarean section 
using thiobarbiturate, succinylcholine, in- 
tubation, N.O-O., and muscle relaxant is 
satisfactory.!*.!5 Continuous fractional spi- 
nal analgesia was described in one case,* 
but sudden severe hypotension and respira- 
tory insufficiency can be a problem owing 
to the heavy uterus and the overdistention 
of the abdomen. No cesarean section for 
quadruplets has been reported under epi- 
dural analgesia. 
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PNEUMOPERITONEUM  Pneumoperitoneum is most commonly secondary to perfora- 
tion of an abdominal viscus. The authors describe two patients requiring high inflation 
pressures and PEEP who develeped tension pneumothorax followed by pneumoperi- 
toneum. It was speculated that air dissected through the aortic and inferior vena 
cava openings in the diaphragm ultimately finding its way into the peritoneal cavity. 
The etiology of pneumoperitoneum is difficult to determine in patients on ventilators 
who may be paralyzed or narcotized. The presence of a relationship between the inspira- 
tory phase of the ventilator and accumulation of intraperitoneal air may support the 
diagnosis of pneumothorax and prevent an unnecessary exploratory laparotomy. (Egan 
M, Boutrous A: Pneumoperitoneiim following tension pneumothorax. Report of two 


cases. Crit Care Med 3:170-172 L975 
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Evan Lloyd Frederickson, M.D. 


Y V ти a bow tie, a warm smile, and a 
quiet “Southern drawl” are not 
unique in themselves, they are unique in 
characterizing one of the true gentlemen of 
our specialty, Dr. Evan L. Frederickson. 


Evan was born in Spring Green, Wiscon- 
sin, and received his BS degree from the 
College of Agriculture at the University of 
Wisconsin in 1947. From 1943 to 1946, he 
served as a technician anesthetist for a 
United States Field Hospital in the Pacific. 
This duty influenced his return to the Uni- 
versity of Wisconsin, from which he received 
his MD in 1950. Following an internship 
year at Walter Reed Army Hospital in 
Washington, DC, Dr. Frederickson migrated 
to Iowa City, where he completed his anes- 
thesiology training with Dr. Stuart Cullen 
and acquired a Masters Degree in Science 
in 1953. 


Between 1954 and 1965, Dr. Frederickson 
served twice on the anesthesiology faculty 
of the University of Kansas, with an interim 
period in Pharmacology and Anesthesiology 


$ 


at the University of Washington in Seattle. 
From 1965 to the present he has been at 
Emory University, where he currently is 
Professor of Anesthesiology, Professor of 
Allied Health Professions, and Professor of 
Pharmacology. 


Dr. Frederickson is a member of 16 medi- 
cal and honor societies, including Alpha 
Omega Alpha. He has contributed widely 
to the activities of the American Society of 
Anesthesiologists, the International Anes- 
thesia Research Society, the Advisory Com- 
mittee on Respiratory and Anesthetic Drugs 
of the FDA, and the Anesthesia Training 
Committee of the National Institutes of 
Health. He is a Past President of both the 
Kansas Anesthesiologists Society and the 
Greater Atlanta Society of Anesthesiolo- 
gists. 


Over the years, Dr. Frederickson’s re- 
search interests have spanned the spectrum 
from chloroform to local anesthetics, as well 
as the current technologic advances in diag- 
nostic procedures and biomedical research. 
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His ubiquitous interests, stimulating per- 
sonality, and concern for improved patient 
care are evident throughout the 40 intra- 
disciplinary publications bearing his name. 


Although a devoted clinician and teacher, 
Evan makes time for weekly rounds of golf 
and for joining his charming wife, Ruth, in 
gardening. Those who have visited the 
Fredericksons in suburban Atlanta have 
seen ample reflections of this mutual inter- 
est in the meticulously “manicured” lawn 
and carefully pruned flowering shrubs which 
embellish their lovely home. 


Evan and Ruth are the proud parents of 
three children. Mary is the oldest and has 
now been married for 4 years to Clinton H. 
Joiner, who is in the MD-PhD program 


at Duke University; Mary is also working 
on her PhD in History at the University 
of North Carolina. Helen, the second child, 
recently received her Masters degree in 
molecular biology in Boulder, Colorado, and 
was married a week after receiving her de- 
gree. She has been admitted to Emory 
University Medical School. Ed, the young- 
est, is a rising senior in chemistry and is 
working in the honors program in the Chem- 
istry Department at Emory. Ed, like his 
father and sister, plans a career in Medi- 
cine, and will be applying for medical school 
this coming year. 


Dr. Evan Frederickson, physician, acade- 
mician, loving husband, father and friend, 
we salute you! 


DIAZEPAM ELIMINATION The influence of age or hepatocellular disease on the 
disposition and elimination of diazepam was studied in man. In normal individuals, 
following diazepam (0.1 mg/kg intravenously cr 10 mg orally) the terminal plasma 
half-life was age-dependent increasing linearly from about 20 hours at 90 years to 


nearly 90 hours at 80 years. 


The prolonged half-life was attributed to an increase 


in the initial distribution volume of the drug as diazepam plasma clearance showed no 


age-dependence. 


Therefore, despite the prolonged half-life with increasing age the 


constancy of plasma clearance suggests diazepam will not accumulate with chronic 
administration. Patients with alcoholic cirrhosis showed decreased plasma clearance 
of diazepam with over a two-fold inerease in the drug half-life. Therefore, chronic 
use in these patients might result in drug accumulation. (Klotz U, Avant GR, Hoywmpa 
A et al: The effects of age and liver disease on the disposition and elimination of 
diazepam in adult man. J Clin Invest 55 :347-359, 1975) 
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A Regional Anesthetic Approach for Renal Transplantation 


CLARA L. LINKE, MD* 
ROBERT G. MERIN, МОТ 


Rochester, New Yorkz 


After consideration of surgical demands and 
patient condition, regional anesthesia is pre- 
ferred for renal transplantation at the Uni- 
versity of Rochester Medical Center. Of 75 
consecutive cases, 64 were successfully man- 
aged with single high-dose spinal anesthesia 
(10 to 20 mg tetracaine, mean 16.5 mg). The 
technic avoids untoward effects of neuromuscu- 
lar blocking drugs, iatrogenic pulmonary in- 
fection from anesthetic equipment, and prob- 


T initial report on anesthesia for renal 
transplantation came from the Peter 
Bent Brigham Hospital in 1962.! Dr. Leroy 
Vandam reasoned that, given the lower ab- 
dominal extraperitoneal surgical approach, 
continuous spinal anesthesia seemed a logi- 
cal choice. Systemic effects of the local an- 
esthetic was not a problem. Hypotension, 
in these hypertensive patients, was minimal, 
and neuromuscular blocking drugs were un- 
necessary. Tracheal intubation could also 
be avoided, thus lessening the risk of re- 
spiratory infection, an important considera- 
tion, since the most common complication 
leading to a fatal outcome in the uremic 
patient is infection, enhanced by immuno- 
suppression after the transplantation.” 
There were no postspinal headaches nor 
neurologic sequelae in the series. 


Another anesthesia pioneer in the field 
of transplantation, Dr. Gordon Wyant, re- 
ported his early experience from Saskatche- 


*Assistant Professor. 


Associate Professor. 


lems with potent general anesthetics. Patients 
are made comfortable by judicious low-dose 
sedation. Cardiovascular instability and blood 
loss are not troublesome. There have been no 
permanent neurologic sequelae or postspinal 
headaches. The authors believe this technic 
produces minimal biochemical and physiologic 
derangement for renal transplantation in the 
patient with chronic renal failure. 


wan.? Seeking advice from other anesthesi- 
ologists at the beginning of his series of 
renal transplants, Wyant could find no 
unanimity: *Because of the many contra- 
dictory statements and good reasons given 
for each argument by each source, we decid- 
ed to develop our own initial technique 
based on such physiologic and pharmaco- 
logic factors as were evident or might rea- 
sonably be suspected to exist in this type 
of patient.” He also concluded that a re- 
gional technic offered the best solution. 


In 1969 (in abstract form only), the 
group from the Peter Bent Brigham Hospi- 
tal reported that they had abandoned their 
original concept of regional anesthesia for 
renal transplantation.! The use of routine 
hemodialysis produced such improvement in 
the clinical condition of the patient that re- 
gional anesthesia was no longer needed. The 
majority of anesthesiologists apparently 
have agreed with this viewpoint. Reported 
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series have relied heavily on neuromuscular 
blocking drugs for relaxation during intra- 
venous or inhalational techniques. 15 


Although hemodialysis has made a 
marked change in the pathophysiology of 
the transplant recipient, many of the early 
problems still are pertinent. One major con- 
cern is the lack of renal excretion of drugs. 
While the use of neuromuscular blocking 
drugs for renal transplantation is wide- 
spread, there have been appreciable prob- 
lems associated with their use. Gallamine 
has generally been avoided in view of its 
predominately renal excretion.!^ Although 
the disposition of d-tubocurarine does not 
depend on renal excretion, there have been 
numerous reports of prolonged paralysis 
after transplantation.9.9.11-13.17 Miller and 
coworkers!5 found that pancuronium pro- 
duced a prolonged depression cí twitch 
height in a group of anephric patients dur- 
ing renal transplantation, but that reversal 
with neostigmine was without difficulty. 
Concern with the use of succinylcholine has 
been the hyperkalemic effect of this drug. 
When marked hyperkalemia existed before 
the use of succinylcholine, significant rises 
were reported in serum K', particularly with 
the second dose.!"-21 


Several groups have referred to the bleed- 
ing disorders associated with chronic renal 
failure and dialysis. Rabiner, reviewing 
uremic bleeding, concluded, *It is now ap- 
parent that the major coagulation defect of 
uremic patients is a reversible platelet dys- 
function. . . . With frequent hemo- or peri- 
toneal dialyses the platelet abnormality can 
be corrected and normal hemostasis main- 
tained."?? 


Peripheral polyneuropathy is chinically 
evident in many uremic patients, primarily 
as distal sensory and motor changes, most 
commonly peroneal and median nerve dis- 
tributions. A generalized slowing of nerve 
conduction constitutes an integral part of 
the uremic syndrome, probably due to the 
inhibition of sodium transport.?? Peripheral 
neurons undergo degeneration and second- 
ary demyelination of axonal cylinders. Re- 
versal of these changes has been documented 
after successful transplantation, though at 
varying time intervals.???4 Bromage ob- 
served a 38%, shorter duration of local anes- 
thesia in a report on brachial plexus block 
for AV fistula creation in uremic patients.?^ 
He attributed this to high compensatory 
cardiac output rather than to neuropathy. 
Apparently the neuropathy did nct make 


the nerves more vulnerable to local anes- 
thetics. 


Although liver dysfunction is not an ubi- 
quitous finding in patients with chronic 
renal failure on dialysis, there is an appre- 
ciable incidence of serum hepatitis. The 
combination of hepatic and renal dysfunc- 
tion may well be responsible for the prob- 
lem with the disposition of various drugs in 
this group. Further consideration is the as- 
sociation of hepatic dysfunction with halo- 
genated anesthetic agents. Although the re- 
lationship is far from clear, it seems judi- 
cious at this time to avoid repeated anes- 
thetic procedures with these drugs.?* Since 
many patients in chronic renal failure un- 
dergo repeated anesthesia, both elective and 
emergent,'” the use of nonhalogenated drugs 
or other technics is advisable where pos- 
sible. 


Hemodialysis often results in effective 
relief of hypertension for many patients, so 
that the complications of hypertensive vas- 
cular disease are less frequently a problem 
than formerly. Unresponsive hypertension 
is currently one of the indications for prior 
bilateral nephrectomy.!5 


The biochemical disturbances produced 
by advanced renal failure can be fairly well 
controlled by effective dialysis. Neverthe- 
less, the transplant recipient often presents 
with hyperkalemia and metabolic acidosis,7 
particularly if the donor kidney is from a 
cadaver and the timing of hemodialysis 
cannot be planned. 


The anemia of chronic renal failure is 
not ameliorated by hemodialysis.27 For an 
elective procedure, red blood cells can be 
given to the patient during the antecedent 
dialysis, but the recipient of a cadaver kid- 
ney is likely to present with severe anemia. 


Improvement in perfusion and preserva- 
tion technics for cadaver kidneys has pro- 
longed the acceptable interval between har- 
vest and transplantation. However, as the 
procedure is still considered urgent in many 
centers, many patients will come to opera- 
tion with a full stomach. Most reporting 
groups have advocated “crash induction" 
technics. 


Although the patient in chronic renal fail- 
ure may be on a variety of drugs, successful 
hemodialysis often allows cessation of most 
potent medications. Some patients still need 
pharmacologic blood pressure control, how- 
ever, so this aspect of their history must be 
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cónsidered. Immunosuppressive therapy 
with corticosteroids, azathioprine, and/or 
immunoglobulin is routine at the time of 
transplantation. 


The most commonly quoted reasons for 
avoiding regional anesthesia for renal trans- 
plantation have been: (1) neurologic se- 
quelae from either abnormal bleeding at the 
time of the regional block or preexisting 
neuropathy; both have already been dis- 
cussed,?2-25 (2) the psychologic state of the 
patient combined with the length of the pro- 
cedure, and (3) instability of the cardio- 
vascular system during regional anesthesia. 
These latter objections will be considered 
in our series of patients. 


The advantages of the technic include: 
(1) an ideal surgical field without worry 
about untoward effects of neuromuscular 
blocking drugs, (2) avoidance of tracheal 
intubation, (3) relative safety in the pa- 
tient with a full stomach, (4) no concern 
about interaction of acidosis and hyperkale- 
mia with the anesthetic and adjuvant drugs, 
and (5) awake, reactive, comfortable pa- 
tients in the immediate postoperative period. 


Weighing all these considerations, we con- 
cluded that regional anesthesia was the 
most logical technic for renal transplanta- 
tion. The following describes our experi- 
ence with 75 consecutive renal transplanta- 
tions from August 1968 to November 1974 
(table). 


METHODS 

Preanesthetic Considerations.—At the 
time of the initial visit with the patient 
(usually soon after acceptance into the 
transplant program), the whole procedure 
was discussed and a preliminary choice of 
anesthetic was made. In general, patients 
were stable on two or three weekly hemo- 
dialyses, with reasonable blood pressure con- 
trol. Thirteen patients needed antihyper- 
tensive drug therapy (11 a-methyldopa, 2 
propranolol). The only other maintenance 
drugs were digitalis (8) and prednisone 
(2): 2 patients were insulin dependent dia- 
betics. Live related transplants were sched- 
uled on the day following routine hemodi- 
alysis during which frozen red blood cells 
were transfused to bring the hematocrit to 
about 25%. For cadaver transplants, frozen 
red cells were also transfused pre-operative- 
ly if hematocrit values were below 2595. 


Anesthetic Protocol 


1. Regional Technique.—At the begin- 
ning of the series, the surgical procedure 
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ТАВІЕ 
Renal Transplantation 


University of Rochester Medical Center 
75 Cases from August 1968 to 
December 1974 


Male 43 Age: 10-14 Т 
Female 82 15-29 29 
30-39 21 
40-49 15 
50-57 3 


Anesthesia technics: planned approach 


aT 





General 
Continu- and con- 
ous tinuous 
Spinal epidural spinal General 
Number of cases 
(total 75) 64 5 1 5 
Donors 
Live—20 16 1 0 3 
Cadaver—55 48 4 1 2 
Duration of sur- 
gical procedure 
2 to 4 hours 32 1 0 3 
4 to 6 hours 32 4 1 2 
Sedation 
IV only 33 1 
IV-N.O insuf- 
flation 27 
Inhalation 4 4 1 5 
Neuromuscular 
blocking drug 3 i| 0 1 
Endotracheal 
intubation 1 1 1 3 


MM ——————— 


routinely lasted longer than 4 hours. In 
view of this, we initially employed continu- 
ous lumbar epidural anesthesia. However, 
4 of the first 5 patients required general an- 
esthesia supplementation. A single high 
dose spinal was used for the 6th patient. The 
case proceeded so smoothly that we pre- 
ferred this technique thereafter. 


Tetracaine in 5% dextrose was used in 
a single dose. We discovered that increasing 
the dose prolonged the duration of the block. 
Thus we used 18 to 20 mg of tetracaine in 
a tall patient and 14 to 16 mg in shorter 
patients, generally women and teenagers. 
Epinephrine (0.2 to 0.4 mg) was added. 
Spinal levels of T 6-4 were sought. The 
early orientation of each patient was of 
great aid in assuring him about the regional 
procedure. In addition, patient-to-patient 
advice was often helpful. Nevertheless, since 
none of the operations lasted less than 2 
hours, some supplementation was always 
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necessary. The use of small intermittent IV 
doses of Innovar? (total dose 2 to 5 ml) and 
diazepam (total dose 5 to 10 mg) produced 
the desired sedation while maintaining voice 
contact. Close observation of respiration 
was particularly stressed. When supplemen- 
tal O, was needed, it was given with a dis- 
posable inhalation therapy mask. If the 
surgical procedure lasted over 4 heurs, some 
patients received 50% М.О also through the 
same plastic mask. 


2. General Anesthesia.—General anesthe- 
sia was selected for the 3 younger children 
in this series and 2 adults. The need for 
intraoperative and postoperative assisted 
ventilation in one obese patient and a com- 
bined nephrectomy, splenectomy, апа trans- 
plant in the other indicated the need for 
tracheal intubation for the adults. Light 
general anesthesia and continuous spinal 
anesthesia were employed for management 
of the latter case. 


3. Monitoring.—' The arteriovenous fis- 
tula bruit was monitored continuously to 
assure patency and as a cardiovascular mon- 
itor and was carefully guarded. Blood pres- 
sure monitoring has been predeminately 
by cuff or Doppler rather than by cannula- 
tion. An electrocardiograph, preferably with 
a write-out capability to assess T-wave 
changes, was used in all cases. Central ve- 
nous catheter placement through a forearm 
vein was successful in 56/75 cases. 


4. Blood and Fluids.—5%, dextrose and 
water was administered at approximately 
0.3 ml/kg/hr using a minidrip infusion set. 
Blood loss was replaced as closely as pos- 
sible with washed frozen red cells and albu- 
min. Combined blood pressure, central ve- 
nous pressure, and blood loss estimates 
guided replacement. 


RESULTS 

Of the 64 spinal anesthesias, 33 were man- 
aged with IV sedation alone. This comprised 
primarily those whose operation was com- 
pleted within 4 hours. Twenty-seven others 
received N,O insufflation via the plastic 
open-system mask. All these patients were 
drowsy or lightly sleeping but eould be 
easily aroused by voice. Four patients given 
spinal anesthesia also received a general 
anesthetic (3 thiopental-N.O and 1 halo- 
thane). As mentioned, 4/5 lumbar epidurals 
had to be converted to general. Of the 75 
patients, 6 were intubated, and small doses 
of neuromuscular blocking drugs were used 
in only 5. 


At some time during spinal anesthesia, 
33/64 patients were hypotensive (greater 
than 25% decrease of the preanesthetic 
blood pressure). However, only 12/64 were 
hypotensive at the time of revascularization 
of the transplant. Of these, 3 had a systolic 
pressure of less than 100 torr when clamps 
were released. Forty-three of the 64 (67%) 
showed a significant rise in blood pressure 
within 10 minutes of revascularization; this 
has prompted an ongoing study of plasma 
renin concentrations during transplantation. 
No cardiac arrhythmias were observed. 


Blood pressure could usually be managed 
by blood and albumin administration. Thir- 
ty-one patients received sympathomimetic 
amines, sometimes prophylactically at the 
time of spinal anesthesia or to restore 
the bruit of the AV fistula. Heparin was 
not used intraoperatively. More than 60% 
(47/75) received 1 unit or less of packed 
red cells and only 10 patients received more 
than 2 units. The largest transfusion totaled 
6 units in one patient. We feel that this is 
an impressive argument against the sup- 
posed cardiovascular instability during re- 
gional anesthesia for renal transplantation. 


The only neurologic sequela we encount- 
ered was urinary retention in one patient 
for 1 month which cleared spontaneously 
without associated neurologic findings. Sev- 
eral patients had significant uremic periph- 
eral neuropathy preoperatively; the most 
severe had a predialysis history of footdrop 
which cleared after dialysis and transplan- 
tation. There were no spinal headaches or 
nausea. One documented pulmonary infec- 
tion in the postoperative period (5 days) 
occurred after the combined nephrectomy- 
splenectomy-transplant procedure. 


АП patients were taken postoperatively to 
the renal transplant intensive care unit, 
where their relatively smooth immediate 
postoperative course was greatly appreci- 
ated by the personnel. 


Patient acceptance of the technic has 
been most gratifying. Although, preopera- 
tively, many patients were less than enthu- 
siastic about the prospect of Spinal anes- 
thesia, they often remarked that the experi- 
ence had been a positive one and subse- 
quently gave positive reinforcement to pros- 
pective transplant recipients. 


Spinal anesthesia did not add significant- 
ly to the morbidity or mortality in this 
series. Objections generally raised to spinal 
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anesthesia for renal transplantation (neuro- 
logic complications and cardiovascular in- 
stability) were not a problem. We believe 
this technic produced minimal biochemical 
and physiologic derangement for renal trans- 
plantation in the patient with chronic renal 
failure. 
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Rapid Anesthesia Induction in Combat 
Casualties with Full Stomachs 


ROBERT SAMUEL CROMARTIE, III, MD* 


А series of 50 combat-injured patients given 
crash intubation for rapid induction of anes- 
thesia is presented. The technic consisted of 
injection of 3 mg of d-tubocurarine and 0.4 mg 
of atropine IV, preoxygenation by face mask 
for 3 minutes, and then injection of sodium 
thiopental or ketamine, followed immediately 
by 60 to 80 mg of succinylcholine IV. Intuba- 
tion was performed with a cuffed tube after 


[оо of anesthesia in patients with 
full stomachs and with significant blood 
loss is fraught with the hazards of vomiting 
and aspiration as well as sudden hypoten- 
sion. 'The present study of 50 Vietnam War 
casualties who required emergency surgical 
procedures demonstrates that the “crash” 
intubation technic can be reasonably safe in 
such patients. 


METHOD 

'The majority of the patients were treated 
at the 18th Surgery Hospital in Quang Tri, 
Vietnam, but a few were seen in the 93rd 
Evacuation Hospital in Long Binh or the 
91st Evacuation Hospital in Chu Lai. АП 
were treated during the period January- 
October 1971. Most were operaied upon 
within hours of receiving their wounds, 
through the rapid rescue evacuation achiev- 
ed by the Dustoff helicopter crews. 


Patients were generally taken directly to 
the operating room from the emergency 
room after rapid resuscitation with IV in- 
fusions of crystalloids and/or blood. Cross- 
match facilities were not available at the 
18th Surgery Hospital, so only type-spe- 
cific blood was given. 


cessation of spontaneous respirations and re- 
laxation of the jaw. In the entire series there 
was no vomiting or aspiration on induction. 
Thirty-six patients were induced with thiopen- 
tal and 14 with ketamine. Three patients given 
thiopental and 2 given ketamine had a fall in 
blood pressure to below 100 torr systolic. The 
average BP change was in a positive direction 
with both agents. 


Upon arrival in the operating room, the 
patient's vital signs were taken, he was 
given 3 mg of d-tubocurarine and 0.4 mg of 
atropine IV and was preoxygenated ( 100% 
O.) by face mask. Three minutes after cu- 
rare administration, 14 patients were given 
IV ketamine 2.2 mg/kg of estimated body 
weight and 36 received 2.2 to 3.3 mg of 
thiopental, followed immediately by 60 to 
80 mg of succinylcholine IV. Intubation was 
with a cuffed tube after spontaneous res- 
pirations had ceased and the jaw was re- 
laxed. 


Positive-pressure ventilation was not gen- 
erally administered until after intubation 
(table). At the time of intubation, the oro- 
pharynx was inspected carefully for evi- 
dence of regurgitation. Immediately after 
intubation, blood pressure and pulse rate 
were taken and the patient was then given 
whatever agent had been selected for use 
during the remainder of the procedure. 


RESULTS 


All 50 patients treated by this technic 
were successfully intubated, the oropharynx 
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TABLE 


Technic for Rapid Induction of Anesthesia 
and Crash Intubation 





1l. Give d-tubocurarine 3 mg and atropine 0.4 
mg IV 


2. Preoxygenation with face mask and 100% 
O: x 3 minutes 


3. Give IV ketamine 2.2 mg/kg or IV thio- 
pental 2.2-3.3 mg/kg 


4. Follow immediately with succinylcholine 
60-80 mg IV 


5. Wait for spontaneous respirations to stop 
and jaw to relax 


6. Intubate with cuffed tube 





in every case being free of any gastric secre- 
tions or food particles at the time of intuba- 


‘tion. The 36 patients induced with thiopen- 


tal as the principal agent required an aver- 
age of 3.4 units of blood. Comparison be- 
tween postinduction and preinduction BP 
revealed an average increase of +1.8 torr. 
Seven had a BP of 100 systolic or less at the 
initiation of induction, of whom 5 had a 
rise in BP, 1 had no change, and 1 had a 
fall from 100/80 to 90/65. Two patients with 
a BP greaer than 100 systolic had a fall to 
less than 100: in 1, from 120/70 to 80/? 
and in the other, from 130/80 to 90/50. 


The 14 patients induced with ketamine 
received an average of 10.6 units of blood. 
They showed an average BP rise of 9 torr. 
Of these, 9 had a BP of 100 systolic or less 
at the time of induction, 4 experiencing a 
rise, 3 showing no change, and 2 having a 
fall (1 from 85/? to 75/45 and the other 
from 50/? to unrecordable). This last pa- 
tient had received extensive injuries to 
liver, kidney, colon, small bowel, chest, and 
extremities. He survived the operation with 
a BP of 70/40 at the conclusion of anesthe- 
sia after 84 units of blood, but died the next 
day from continued hemorrhage after re- 
ceiving a total of 108 units of blood. No 
patients given ketamine with a BP greater 
than 100 had a fall to below 100 systolic. 


There were no intraoperative deaths in 
this series. 


DISCUSSION 


This study supports the thesis that crash 
intubation is an excellent technic for the 
prevention of vomiting and aspiration upon 
induction of anesthesia. This method mini- 
mizes the vulnerable interval during which 
the patient has lost his pharyngeal reflexes 


\ 
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but has not yet been intubated. During ће 
vulnerable period, should the patient vomit, 
aspiration would be likely. 


The incidence of aspiration during anes- 
thesia in patients who are not intubated or 
who are intubated with uncuffed tubes is 
high. Culver and associates! studied 300 
such patients by placing Evans-blue dye in 
their stomachs 15 to 30 minutes before in- 
duction and inspecting the mouth, pharynx, 
larynx, trachea, and main bronchi with 
laryngoscope and by bronchoscopy at the 
end of the surgical procedure. Frank vomit- 
ing was noted in 8%, of the patients, while 
the dye showed regurgitation to have oc- 
curred in 26.3% and aspiration in 16.395. 


One way to minimize regurgitation is to 
keep low the intragastric pressure. This 
pressure is greatest with the patient in a 
'Trendelenburg position and least in reverse 
'Trendelenburg.? The foot-down or head-up 
position has been recommended and used 
with good results during crash induction,** 
but in our study it was not used because of 
the risk of hypotension, since most of the 
patients were actively hemorrhaging at the 
time of induction. The head-down position 
affords some protection against aspiration 
should the patient vomit, but the incidence 
of vomiting is much greater and therefore 
the overall risk of aspiration is greater. 


In the study by Culver's group! with the 
patient supine, regurgitation was found in 
15.5 and aspiration in 13%, whereas in 
Trendelenburg, regurgitation was present in 
41.4 and aspiration in 15.3%. 


Succinylcholine was chosen as the para- 
lyzing agent because of its rapid onset of 
action. The depolarization occurring with 
this drug is associated with fasciculations 
which may be prevented by prior infusion 
of a small dose of d-tubocurarine. 


LaCour? evaluated intragastric pressures 
in patients given crash inductions before in- 
jection of succinylcholine and during fas- 
ciculations. He noted a mean rise in pres- 
sure of 4.6 cm H,O, with a range of 0 to 25 
cm H,O increase. This rise was prevented 
by the infusion of d-tubocurarine (4 to 6 
mg), 3 minutes before giving the succinyl- 
choline. Similar results were obtained by 
Miller and Мау." 


A number of reports describe cardiac ar- 
rhythmias or hyperkalemia*? following 
succinylcholine administration. This rise in 
K* has been shown to be minimized by prior 
administration of d-tubocurarine.!1.13.14 
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All patients were preoxygenated to help 
avoid hypoxia during the induction period. 
Forced respirations were not used before in- 
tubation for fear of forcing air into the 
stomach and thus increasing the risk of 
vomiting. 


As the two anesthetic agents, thiopental 
and ketamine, used in this study were not 
randomly selected, no attempt will be made 
to compare the two. With both agents, the 
average BP change was in a positive direc- 
tion. 


Ketamine has been shown!!! to cause а 
rise in BP and pulse rate in normovolemic 
patients. Chasapakis and colleazues!? re- 
ported similar results in 13 patients in 
shock, requiring an average of 1300 ml of 
blood and showing an average BP rise of 30 
torr, with pulse rate increases of from 0 to 
20 bpm. 


In our series, pulse changes were not 
marked: average change was +4.3 bpm 
(range —20 to +28), the highest pulse rate 
being 140 (increased from 130). The BP 
rise in our series also was not as marked, 
probably due to the degree of exsanguina- 
tion of the patients. Of the 2/14 patients 
induced with ketamine who experienced BP 
falls to levels below 100 systolic. both had 
hypotension and tachycardia prior to induc- 
tion and were experiencing significant blood 
loss at the time of induction. (One required 
8 units and the other 84 units of blood dur- 
ing the procedure.) Of 9 patients with an 
initial systolic BP of 100 or less. BP rose 
in 4. 
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Circulatory Changes During Anesthetic Induction: Impact of 
d-Tubocurarine Pretreatment, Thiamylal, Succinylcholine, 
Laryngoscopy, and Tracheal Lidocaine 


ROBERT K. STOELTING, MD* 
CHRISTINE PETERSON, RNT 


Indianapolis, Indiana: 


Circulatory changes after IV d-tubocurarine 
(3 mg), thiamylal (4 mg/kg) plus succinyl- 
choline (2 mg/kg) and followed by direct 
laryngoscopy with or without intratracheal 
lidocaine spray (2 mg/kg) just before endo- 
tracheal intubation (EI), were measured in 
40 adult patients. Pretreatment with d-tubo- 
curarine did not alter mean arterial pressure 
(MAP), heart rate (HR), or central venous 
pressure (CVP). One minute after thiamylal- 
succinylcholine and just before laryngoscopy, 
MAP was 15 torr less than the awake value 
(p<0.05) and HR was 13 beats/min greater 
than the awake value (p<0.05). 


Laryngoscopy and EI elevated MAP above 


R^» production of anesthesia with an 
IV thiobarbiturate followed by suc- 
cinylcholine and endotracheal intubation 
(EI) is a frequently used anesthetic induc- 
tion technic. However, cardiovascular de- 
pression from the barbiturate! and/or a re- 
flex sympathetic nervous system response to 
mechanical stimulation of the upper airway 
(increased BP, heart rate [HR], and dys- 
rhythmias) during direct laryngoscopy?^* 
may occur. Nevertheless, in daily practice 
we rarely observed marked falls in BP after 
rapid thiamylal plus succinylcholine admin- 
istration. Furthermore, the subsequent pres- 
sor and HR response to laryngoscopy and 
EI seemed transient, and ventricular dys- 
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awake levels and further increased HR in all 
patients. The magnitude of these responses 
immediately following EI was not altered by 
tracheal lidocaine. However, the pressor and 
HR changes following EI were more transient 
when tracheal lidocaine was used (20 patients) 
and these patients were more likely to toler- 
ate the tracheal tube without immediate addi- 
tional anesthesia. The incidence of ventricular 
dysrhythmias was not altered by tracheal lido- 
caine. Compared with awake values, the car- 
diac index did not change significantly follow- 
ing intubation but stroke volume was decreased 
(p<0.05), with or without tracheal lidocaine. 


rhythmias were infrequent. Therefore, we 
decided to quantitate circulatory changes 
occurring during a commonly used induc- 
tion sequence with d-tubocurarine pretreat- 
ment, thiamylal plus succinylcholine fol- 
lowed by direct laryngoscopy, with or with- 
out intratracheal lidocaine spray just before 
ЕТ. 


METHODS 


Forty normotensive adults (42 + 6 yr, 
67 + 4 kg, mean + SE) were studied in the 
supine position before elective operation. 
All were considered to be in ASA physical 
status I or II and free of organic heart dis- 
ease. Each patient received intramuscular 
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morphine (8 to 12 mg) and atropine (0.4 
mg) about 60 minutes before arrival in the 
operating room. A radial artery and external 
or internal jugular vein were cannulated, 
and pressures were recorded continuously 
as was ECG lead 2. After breathing pure 
O, via an anesthesia face mask for 3 min- 
utes, mean arterial pressure (MAP), cen- 
tral venous pressure (CVP), cardiac output 
(indocyanine green dye and Beckman car- 
diodensitometer), and HR were measured. 
Cardiac index (CI), stroke volume index 
(SVI), and systemic vascular resistance 
(SVR) were calculated. 


d-Tubocurarine (3 mg IV) was then ad- 
ministered. Three minutes later, thiamylal 
(4 mg/kg) was given IV, followed by suc- 
cinylcholine (2 mg/kg). All drugs were ad- 
ministered rapidly as a bolus through plas- 
tic tubing leading to a 5 cm Teflon catheter 
(16 or 18 gauge) in a forearm vein. Flush 
solution (lactated Ringer’s 5 ml) was in- 
jected after each drug to insure rapid en- 
trance into the circulation. Ventilation was 
manually controlled via the anesthesia face 
mask within 15 to 30 seconds after thiamy- 
lal-succinylcholine. One minute after thi- 
amylal-succinylcholine administration, la- 
ryngoscopy (straight laryngoscope blade) 
and EI were performed. 


During laryngoscopy, but before place- 
ment of the endotracheal tube, 2 mg/kg of 
4 percent lidocaine ( LaryngoTracheal Anes- 
thesia Kit*) was sprayed into the tracheas 
of 20/40 patients (group I-A). No tracheal 
lidocaine was used in the other 20 patients 
(group I-B). Following EI, the endotra- 
cheal tube cuff was inflated with air until 
air leak around the tube during positive 
pressure was just eliminated. Ventilation 
was then controlled with a volume ventila- 
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tor delivering pure O, until 5 minutes after 
thiamylal-succinylcholine. Controlled ven- 
tilation with О» was continued beyond 5 
minutes in 10 patients from both groups I-A 
and I.B until either spontaneous movement 
occurred or 10 minutes elapsed after thi- 
amylal-succinylcholine administration. 


Data were analyzed by Student's t-test, 
p«0.05 being considered significant. 


RESULTS 

Pretreatment with d-tubocurarine (3 mg) 
did not alter awake MAP, HR, or CVP 
(table 1). Maximum MAP decreases aver- 
aged 20 torr (p<0.05; range 0 to 52 torr) 
and occurred 43 + 2 seconds (20 to 60 sec) 
after administering thiamylal-succinylcho- 
line. This produced a MAP less than 60 
torr in only 2 patients. In one of these 
patients, MAP decreased from 69 torr awake 
to 44 torr, and in the other, MAP decreased 
from 108 torr awake to 56 torr. One minute 
after thiamylal-succinylcholine administra- 
tion, or immediately before starting laryn- 
goscopy, MAP was 15 torr less (р<0.05) 
than the awake value and HR was increased 
13 beats/min (p<0.05). 


Laryngoscopy and EI reversed the de- 
creased BP and further increased HR (ta- 
ble 2). The average duration of laryngos- 
copy to accomplish EI was similar in groups 
I-A and LB. Maximum MAP increases 
above awake levels between 1 and 2 minutes 
after thiamylal-succinylcholine and in asso- 
ciation with laryngoscopy and EI were 30 
torr (p<0.05; 0 to 84 torr) 21 seconds after 
completion of laryngoscopy (group I-A, tra- 
cheal lidocaine) and 37 torr (p<0.05; 0 to 
86 torr) 15 seconds after completion of la- 
ryngoscopy (group I-B, no tracheal lido- 
caine). MAP a few seconds later (corres- 
ponding to 2 min after thiamylal-succinyl- 
choline) remained similarly elevated. 








TABLE 1 
Awake Pretreatment With d-Tubocurarine Followed by Thiamylal-Succinylcholine 
Mean = SE 
3 minutes 1 minute after 
Before ofter thiamylal- Thiamylal, — Succinylcholine, 
d-tubocurarine  d-tubocurarine succinylcholine Age Weight, kg mg mg 
Group I (n — 40) 42 + 6 67 + 4 268 +20 134 + 10 
МАР, torr 98 + 22 97+ 3 83 + 3* 
HR, beats/min 75 2 3 75 2 8 88 + 2* 
СУР, torr: 6.9:-0/7 69-068 8420.7 





*p < 0.05 compared with awake value. 
n — number of patients. 
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Maximum HR increases shortly after la- 
ryngoscopy and EI (for example, 2 min 
after thiamylal-succinylcholine) were 24 
beats/min (p<0.05) and 28 beats/min 
(p<0.05) above awake values in groups I-A 
and I-B, respectively. The differences in HR 
and BP responses between the two groups 
were not statistically significant. Transient 
premature ventricular contractions (PVCs) 
occurred in 3 patients (group LA, 2 pa- 
tients; group I-B, 1 patient) during or with- 
in 1 to 2 minutes following laryngoscopy 
and EI. Three minutes after thiamylal- 
succinylcholine, SVI was signifieantly de- 
creased in both groups but the elevated 
HR maintained the CI slightly above 
awake levels. СУР increased a like amount 
(p«0.05) in both groups and corresponded 
to the initiation of positive-pressure ventila- 
tion 15 to 30 seconds after thiamylal-suc- 
cinylcholine. 


Five minutes after thiamylal-succinyl- 
choline, the MAP and HR had returned 
toward awake values in those receiving tra- 
cheal lidocaine (table 2). In contrast, 5 
minutes after thiamylal-succinylcholine ad- 
ministration to patients not receiving tra- 
cheal lidocaine, the MAP and HR remained 
significantly greater than awake values and 
the corresponding measurements in those re- 
ceiving tracheal lidocaine. Ten patients not 
receiving tracheal lidocaine during laryngos- 
copy were reacting to the endotracheal tube 
between 5 and 8 minutes after thiamylal- 
succinylcholine. In contrast, 4/10 patients 
given tracheal lidocaine during laryngoscopy 
reacted spontaneously to the endotracheal 
tube 9 to 10 minutes after thiamylal-suc- 
cinylcholine. The remaining 6 patients did 
not move despite the turning of their heads 
45 degrees to the left and right 10 minutes 
after thiamylal-succinylcholine. Ulnar nerve 
stimulation (Peripheral Nerve Stimulator, 
50 Hz) revealed some residual neuromuscu- 
lar blockade in those patients по! moving 
after 10 minutes. 


DISCUSSION 


А small dose of d-tubocurarine before an- 
esthetic induction did not alter MAP or 
HR. Subsequent rapid IV administration of 
thiamylal (4 mg/kg) and succinylcholine 
(2 mg/kg) was associated with significantly 
lowered MAP and increased HR. However, 
the magnitude of these changes was usually 
clinically insignificant. For example, 1 min- 
ute after thiamylal-succinylcholine, the 
MAP was decreased 15 percent from awake 
values (98 to 83 torr) and HR increased 18 


percent (75 to 88 beats/min). MAP de- 
creased below 60 torr in only 2/40 patients. 


Laryngoscopy and EI reversed the BP 
decrease and further elevated HR above 
awake levels in every patient. The magni- 
tude of these responses immediately after 
intubation was not altered by intratracheal 
lidocaine spray just before placement of the 
tube in the trachea. This lack of influence 
of tracheal lidocaine was predictable, since 
the tracheal mucosa would not yet have 
been anesthetized. F urthermore, Takeshima’s 
group” considered direct laryngoscopy and 
not EI as responsible for such circulatory 
responses. Nevertheless, Denlinger and co- 
workers" demonstrated that tracheal lido- 
caine 5 minutes before a second laryngos- 
copy and EI attenuated the BP and HR 
responses. 


Systemic absorption after tracheal lido- 
caine spray (2 mg/kg) has been found to 
result in plasma arterial lidocaine levels 
less than 2 mcg/ml* during the period of 
our study (for example, the first 9 min after 
tracheal lidocaine). This concentration is 
below the level associated with direct myo- 
cardial depression? or that effective in the 
treatment of ventricular irritability.” There- 
fore, direct myocardial depression in our 
patients receiving tracheal lidocaine seems 
unlikely. Likewise, an antiarrhythmic ef- 
fect was not documented, as PVCs after in- 
tubation were rare and short-lasting, with 
or without tracheal lidocaine. 


Other efforts to prevent the circulatory 
responses to laryngoscopy have not been 
entirely successful or practical. For exam- 
ple, deep anesthesia reduced cardiovascular 
changes during laryngoscopy in one study,? 
but in another report 30 minutes of prior 
halothane did not change BP responses 
from those seen in patients intubated after 
thiopental plus succinylcholine.!^ ‘Topical 
anesthesia did not abolish circulatory re- 
sponses to ЕГ! and in some instances the 
topical procedure itself produced significant 
BP changes.!! 


Only DeVault and associates!2 prevented 
HR and BP responses by administering 
phentolamine before laryngoscopy. It would 
seem reasonable to conclude that the tran- 
sient circulatory responses to direct laryn- 
goscopy and EI are probably innocuous in 
normotensive patients. Overzealous use of 
deep anesthesia, topical anesthesia, or de- 
pressant drugs, in an attempt to prevent 
changes caused by laryngoscopy and EI, 
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Circulatory Changes . . . Stoelting and Peterson 


may ultimately introduce more hazard than 
the response it was intended to attenuate.!? 


'The HR increase following thiamylal-suc- 
cinylcholine, but before laryngoscopy, may 
represent a baroreceptor response to de- 
creased MAP or a specific effect (possible 
sympathetic postganglionic stimulation) !* 
of succinylcholine. The increased HR asso- 
ciated with succinylcholine administration 
and direct laryngoscopy may attenuate de- 
creased cardiac output normally resulting 
from thiobarbiturate-produced reductions in 
the SVI. Indeed, CI following intubation 
was maintained near awake levels in the 
presence of an increased HR and decreased 
SVI. 


We conclude that the anesthesia induc- 
tion sequence described in this report did 
not produce excessive BP decreases in nor- 
motensive and normovolemic adults. The 
subsequent pressor and increased HR re- 
sponse to laryngoscopy and EI were tran- 
sient, and ventricular dysrhythmias were 
infrequent. 'The duration, but not the mag- 
nitude, of the BP and HR responses was 
even further shortened by tracheal lidocaine 
at the time of intubation. Tracheal lidocaine 
also prolonged the period most patients 
tolerated the endotracheal tube without 
moving when additional anesthesia was not 
provided immediately after intubation. 
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PREVENTION OF CROSS-INFECTION BY GRAM-NEGATIVE BACTERIA (Ger- 
man). The increased use of mechanical appliances and aerosols has created favorable 
conditions for a rise in nosocomial infections, many of which could be avoided by 
proper aseptic technics. Tracheotomized patients are particularly at risk. Exhaustive 
study of recent world literature shows nebulizers to be the most frequently involved 
and to harbor the widest variety of organisms and pneumonia to lead the list of diseases 
contracted. The limits of efficacy in various disinfection and sterilization methods are 
described as a contributory factor in epidemics of cross-infections. (Werner. Prakt 


Andesth 9:316-330, 1974.) 
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Statistical Pearls. І. An Empty Shell Game 


PATRICK D. HARRIS, PhD* 


HE medical researcher, with a faithful 

student on his side, knelt at one end of 
a long hallway and carefully unrolled 30 
meters of 8-channel polygraph paper on the 
floor. After a half-stooped but brisk walk 
alongside the “results” of the latest 4-hour 
experiment on blood flow in the pump-per- 
fused dog, the perspiring investigator de- 
clared that there wasn't a single "typical 
response" in the whole record. The student 
suggested a calculation of a "mean re- 
sponse;” however, their array of old and 
dusty hardbacks on statistics did mot treat 
the realities of intermittent sample times, 
unsynchronized measurements of several 
variables, shortened protocols, baseline drift, 
ruined blood samples, unanticipated hemor- 
rhage sites, to name but a few. 


Reluctantly, they made the much-dreaded 
trip to the classical statistician, which yield- 
ed the oft-heard, “You can't do that." 


"What kind of distribution do you have?" 
“We could try this if...” and “Why don't 
you repeat the study?" It is no wonder that 
a medical researcher, with his everyday, 
anything-but-standard data, feels like the 
carnival-goer who has just picked the empty 
shell for the tenth straight time. 


At the gracious invitation of the Editors 
of Anesthesia and Analgesia, I have planned 
a series of articles to attempt to provide 
"statistical pearls" for many of the shells 
of data that realistic medical research gives 
to all of us. This series will treat several of 
the common statistical procedures with 
heavy doses of "intuitive feel" rather than 
rigorous derivations. I personally believe 
(or should I say that I am 9597 confident) 
that much of the data from medical research 
does not meet the precise, theoretically- 
based requirements for a cookbook applica- 
tion of typical statistical procedures. (This 


*Investigator, Dalton Research Center; Associate Professor of Physiology, University of Missouri School of 


Medicine, Columbia, Missouri 65201. 
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Medical Statistics . . . Harris 


15° especially true for the parametric tests 
which are the most commonly used proce- 
dures.) 


How can the researcher decide whether 
or not it is appropriate to apply a specific 
statistical test for data which have already 
been collected? How much data (deter- 
minations, patients, animals, experimental 
groups, etc) are needed for a valid appli- 
cation of a certain statistical procedure? If 
the data do not quite fit a cookbook exam- 
ple, is there any statistical test that can be 
applied? Is there a special treatment for 
the one extreme data point in a large series 
of measurements? 'These, and many others, 
are questions which constantly arise for all, 
experienced and beginner, who are involved 
in the day-to-day collection of experimental 
data. 


It is my intent to suggest practical ap- 
proaches which will provide reasonable an- 
swers to these questions. What is reason- 
able? One approach is to be conservative. 
Suppose that I am not sure that my data 
meet the theoretic requirements for the ap- 
plication of a specific statistical test. In this 
case, I might use a less rigorous approach 
which is coupled with a “less than normal” 
chance (more stringent criterion) for ac- 
cepting a statistically significant difference. 
This allows an individual to be comfortable 
that he has a real observation when he ob- 
tains a statistical difference even though his 
data do not fit a standard approach. 


The foregoing description of “conserva- 
tive" brings to mind the problem of defining 
statistical terms for the nonstatistician. 
This is a problem, because there are widely 
varying definitions even for such basic terms 
as statistics and statistical methods. Regard- 
less of differences in precise definitions, 
there are two major divisions of statistics, 
descriptive and inferential.! Descriptive sta- 
tistics are a mechanism for conveniently 
describing a large set of measurements, for 
relating one measurement to another, and 
for exploring general characteristics of the 
data. Typically, this form of statistics does 
not employ t-tests or levels of probability. 
In fact, one hardly even encounters the 
concept of a population versus à sample. 
Descriptive statistics do not provide a sta- 
tistical answer to a scientific question; how- 
ever, they can lead an individual to a ques- 
tion that can be answered. 


Inferential statistics are a mechanism for 
interpreting several sets of measurements to 
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reach a conclusion about a phenomenon, for 
inferring characteristics about unmeasured 
data, and for directing the course of addi- 
tional measurements. 'This form of statistics 
requires the statement of a scientific ques- 
tion to be answered (a hypothesis to be 
refuted or accepted). To be more specific, 
inferential statistics involve the use of a 
limited number (sample) of people (ог 
animals, excised organs, cell cultures, etc) 
to obtain a “good” estimate of the answer to 
a SPECIFIC QUESTION about the char- 
acteristics of a much larger number (popu- 
lation) of people, etc. 


Success in the use of inferential statistics 
depends on the definition of the population 
and the specific question which then, and 
only then, defines an appropriate sample. 
In many situations, a "general" population 
will be defined by an experimental condi- 
tion, eg, hemorrhagic hypotension, or a clin- 
ical procedure, eg, small-bowel resection, or 
a disease entity, eg, spongedivers disease 
(not exactly common in rural inland areas 
but nevertheless a very interesting popula- 
tion). 


The "specific" population is defined by 
the specific question to be answered. Is 
there a difference between halothane and 
cyclopropane anesthesia with regard to the 
level of renal function during the first 6 
hours following operation on the hemor- 
rhagic hypotensive patient? For this specific 
question, the appropriate population does 
not include any past, current, or future pa- 
tients who receive an anesthetic other than 
halothane or cyclopropane. The specific 
population does include all patients with 
hemorrhagic hypotension who undergo oper- 
ation, regardless of the etiology of the hem- 
orrhage or the type of surgical procedure. 
This specific population certainly includes 
all ages, both sexes, and remarkable as well 
as unremarkable medical histories. 


The most important point is that a gen- 
eral population and a specific question en- 
able the researcher to make a list of the 
characteristics, both general and detailed, 
which describe the specific population. Why 
make a list? This is the most effective way 
to answer, “Wait a minute, I’m really not 
interested in that population.” This usually 
will lead to the choice of a more appropri- 
ate question for the population that really 
is of interest to the investigator. 


Much of the time, inappropriate statistics 
surface in scientific publications in one of 
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three ways. First, purely descriptive sta- 
tistics are used for major inferential pur- 
poses. Second, inappropriate inferential sta- 
tistics are used because one has not stated 
a question to be answered. Third, raw data 
or minimally processed data are reported, 
when descriptive statistics would lead both 
the author and the reader to an important 
question which should be investigated by 
inferential statistics. 


We all know that, many times, data are 
collected long before one thinks about the 
population, the question, or the character- 
istics of an adequate sample. Although this 
is not a desirable approach for inferential 
statistics, it does happen for many valid 


reasons. A patient “of interest" presents 
himself on short notice; one may not know 
how often a specific measurement can be 
made; an individual may not be sure that 
there will be anything of interest in the 
initial measurements. Data collected under 
these circumstances are a prime candidate 
for descriptive statistics in order to “dis- 
cover" a question. Such a discovery leads 
to: "I thought that the shell of data was 
empty, but there really was a pearl of 
knowledge within." 


REFERENCE 
1. Dunn OJ: Basic Statistics: A Primer for the 
Biomedical Sciences. New York, John Wiley and 
Sons, Inc, 1964, pp 1-3 


DEFIBRILLATION THRESHOLD The authors studied the influence of acid-base 
derangements on the external defibrillation threshold in dogs. Dogs were divided into 
5 groups according to their acid-base state-respiratory acidosis, respiratory alkalosis, 


metabolic acidosis, hypoxia and control. 


duced and 90 seconds later the amount o 


Ventricular fibrillation was electrically pro- 
f energy necessary for electrical conversion 


was determined. Successful external defibrillation was possible in 75 per cent of all 


animals with 4 joules/kg or less. 
oxygenation prior to fibrillation, 
electrical conversion in most animals. 


Thus, regardless of the acid-base status or arterial 
high energy levels were not necessary to achieve 
However, 


the presence of metabolic acidosis 


and hypoxia impaired resumption of effective circulation following successful defibrilla- 
tion. Hypercarbie animals had a high incidence of return suggesting that this derange- 


ment was not as detrimental 


to circulatory dynamics after electrical conversion. 


(Yakaitis RW, Thomas JD, Mahaffey JE: Influence of pH and hypoxia on the success 
of defibrillation. Crit Care Med 3:139-142, 1975) 
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Cardiovascular Effects of Enflurane and 
Halothane on the Rhesus Monkey 


JOHN R. RITZMAN, Major, USA (MC)* 
HOWARD Н. ERICKSON, Lt Col, USAF (МС)? 
EDWARD D. MILLER, JR, Major, USA (MC): 


Fort Sam Houston, Texas 


Ten rhesus monkeys were chronically instru- 
mented to compare the cardiovascular effects 
of enflurane and halothane. In 17 experiments, 
each monkey was evaluated in the awake state 
and after equilibration at each of many anes- 
thetic levels. End-expired gas concentrations 
were expressed in multiples of human mini- 
mum alveolar concentrations (MAC) for com- 
parison. 

There was a predictable dose-related decrease 
in heart rate, mean arterial pressure, peak left 


SQ nce the appearance of enflurane as a 
new halogenated anesthetic agent, little 
agreement has been reached as to its effect 
on the cardiovascular system, and in par- 
ticular, on the left ventricle. Both in vitro 
and in vivo studies (some unpublished) 
have produced conflicting results. * Some 
conflicts are explainable by differences in 
anesthetic concentration, experimental mod- 
els, and choice of contractility index; others, 
however, involve very similar conditions 
employed by different groups of investiga- 
tors. 


*Third Year Resident, Anesthesia and Operative Servi 
Texas; present address: Department of the Army, 


Fort Leonard Wood, Missouri 65473. 


ventricular dp/dt, and the latter divided by left 

dp/dt nS 
ГҮБР) with 
both agents. Central venous pressure was in- 
creased by both. At equal MAC levels, no 
significant differences were detected between 
halothane and enflurane. Cardiac output and 
aortic flow acceleration were obtained on one 
of the animals for both agents. Results were 
consistent with those for the other measured 
parameters. 


ventricular developed pressure ( 





In considering the use of enflurane for 
cardiac patients, it was concluded that more 
needed to be known about its effects on the 
healthy heart. The present study was de- 
signed to evaluate the effects of enflurane 
on the left ventricle in the intact nonhuman 
primate because of its similarity to man. 
Each primate was chronically instrumented 
to measure left ventricular pressure, aortic 
flow, and other parameters. Control record- 
ings were obtained in the awake, unmedi- 
cated state; anesthesia was not compli- 
cated by the use of other drugs. Each 
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animal could be exposed to enflurine and to 
halothane, the latter being selected as the 
standard for comparison because of its wide 
use and well-known cardiovascular effects. 


METHODS 


Two weeks prior to experimentation, 10 
healthy rhesus monkeys (3 to 4.2 kg) ( Ma- 
caca mulatta) were instrumented through a 
left thoracotomy. They were premedicated 
subcutaneously with 0.04 mg/kg of atro- 
pine. Anesthesia was induced IV with thio- 
pental sodium (35 mg/kg) and was main- 
tained with a mixture of halothane-N.O-O,. 
Dosages of thiopental and atropine were 
consistent with current practice for experi- 
mental animal surgery.* 


A Doppler ultrasonic flow probe was 
placed around the ascending aorta, a high- 
fidelity pressure transducer (Kenigsberg 
Instruments, Pasadena, California» was im- 
planted in the left ventricle, and ВСС wires 
were sutured onto the epicardium. АП leads 
were brought subcutaneously into a plastic 
photographic film container. In one end of 
the container, a 7-prong socket was mounted 
for the flow probe and ECG leads. Inside 
was sufficient room to house the pressure 
transducer plug and fluid-filled catheters 
when not in use. The container was cement- 
ed to a previously mounted skull pedestal 
similar to that described by Wolfe." 


Recovery required from 7 to 10 days, 
during which the animals received a regular 
monkey diet. One to 3 days prior to study, 
the monkeys were again anesthetized and 
heparin-filled central venous and carotid 
arterial catheters were inserted and exteri- 
orized subcutaneously into the container. 


On the morning of the experiment, the 
monkeys were restrained supine in a chair 
with which they had previously been fa- 
miliarized. They were neither fasted nor 
medicated. After control recordinzs, anes- 
thesia was induced by mask, using a Jack- 
son-Rees apparatus. The trachea was intu- 
bated and the animal ventilated with an 
anesthetic-O, vapor at 15 ml/kg. The rate 
was adjusted to maintain the end-expired 
CO. between 4 and 5%, monitored with a 
Beckman LB-1 infrared analyzer. 


'The animals were maintained at ап initial 
inspired concentration for 1 hour before 
recording, and at each subsequent concen- 
tration for 0.5 hour. At least 48 hours 
elapsed between exposures. Monkeys were 
alternated in the order in which they re- 


ceived the 2 agents, and also in the order of 
concentrations (light to deep versus deep to 
light in 0.25 MAC increments). In 5 experi- 
ments, the anesthetic sequence was repeated 
following beta-adrenergic blockade with IV 
propranolol (1 mg/kg). Our dosage of pro- 
pranolol was based on the amount we have 
determined necessary to block a cardiac- 
rate response to isoproterenol (1 pg/kg). 
Up to 2 mg/kg of propranolol has been 
found to have little effect on the perform- 
ance of the intact greyhound.!^ 


Anesthetic levels were determined by 
gas-chromatographic analysis of end-expired 
samples and expressed in multiples of 
human MAC.!'!* Standards were made 
after the method of Dobkin.? Data were 
recorded on analog magnetic tape and con- 
verted to digital form at 250 samples per 
second. 'The results of 10 consecutive cardiac 
cycles were averaged for each determina- 
tion. 


RESULTS 

Data were compared in two different 
ways. First selected for analysis were those 
experiments for which recordings at control, 
near 1 MAC (light), and near 1.5 MAC 
(deep) were obtained. This involved 10 
monkeys and included 6 exposures to halo- 
thane and 11 exposures to enflurane. Each 
variable for each agent was analyzed, using 
a 2-way analysis of variance, assuming no 
association between data collected on the 
same animal on different days. 


АП means and statistical results for these 
variables (table 1) show definite dose-re- 
lated changes with either agent. For any of 
the variables measured, there was no sig- 
nificant difference between enflurane and 
halothane at control or at either MAC level. 
Comparisons between agents are unpaired. 


Next, all available data were used to 
examine the linear relationship of each vari- 
able with MAC. The least-squares procedure 
was used to regress the dependent variable, 
“у,” (for example, heart rate) оп MAC 
values. The equation obtained was of the 
form y=a+b (MAC), where a is the inter- 
cept and b is the slope. In the equations 
for heart rate (HR), maximum dp/dt, and 
mean arterial pressure (MAP) regressed on 
MAC (fig 1-3), the regression lines do not 
significantly differ between the two agents 
for any variable (p<0.05). Equations and 
statistical information are shown in table 2. 


For both agents, when a monkey received 
more than 1 exposure to an agent, data were 
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Fic 1. Heart rate (HR) regressed on MAC for 
halothane and enflurane separately. 
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FiG 2. Left ventricular dp/dt regressed on MAC 
for halothane and enflurance separately. 
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Fic 3. Mean arterial pressure regressed on MAC 
for halothane and enflurane separately. 


treated as though from a different animal. 
This appeared to be justified from an in- 
spection of the results. 


Data were obtained from aortic flow meas- 
urements for only 1 animal at different 
MAC levels. Such flow-probe failures as 
occurred were in most instances the result 
of leakage of body fluids into the probes, 
leading to shorted circuits, and were caused 
by technologic maladroitness. These data 
and derived variables presented in table 3 
substantiate the other findings reported in 
table 1. 


DISCUSSION 
Myocardial effects of enflurane have been 
studied in a variety of ways. Two groups of 
investigators used isolated cat papillary- 
muscle preparations. Brown and Crout! 





TABLE 2 
Regression Equations (see fig 1-3) 
Number of Standard 
Anesthetic agent Equation data pairs used error* rt 
Halothane MAP = 97.99 - 41.22 MAC 35 13.80 — 0.90 
Enflurane MAP = 105.50 - 46.96 MAC 45 13.48 — 0.90 
Combined MAP = 101.91 - 44.09 MAC 80 13.62 — 0.90 
Halothane HR = 189.8 - 43.09 MAC 35 23.30 — 0.79 
Enflurane HR = 181.4 - 41.15 MAC 59 17.39 — 0.82 
Combined HR = 184.7 - 42.11 MAC 94 19.82 — 0.80 
Halothane LV dp/dt = 4386.4 - 2460.7 MAC 35 852.4 — 0.90 
Enflurane LV dp/dt = 4666.1 - 2634.8 MAC 59 958.2 — 0.86 
Combined LV dp/dt = 4548.2 - 2556.6 MAC 94 914.2 — 0.87 


*Based on deviations from regression line with N-2 degrees of freedom. 


{Correlation coefficient—an index reflecting the degree of linear association betwen the two variables. 
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TABLE 3 
Data from One Monkey at Different MAC Levels 
Maximum 
BAP Wan адва зона. ашыл; MARCO: 
Agent MAC HR, bpm MAP, torr torr torr/sec ml/min em/sec? ^ dorr/ul/minc 

Halothane 0 163 125 0.9 4287 591 2360 0.2115 
0.8 130 69 2.0 1542 452 1860 0.1527 

1.1 124 57 2.3 1212 459 1920 0.1242 

1.3 112 42 2.3 927 452 1340 0.0929 

1.6 107 27 2.2 739 390 1260 0.0692 

2.0 108 30 2.5 601 383 940 0.0783 

Enflurane 0 192 130 0.5 5035 703 3400 0.1849 
0.9 141 63 1.6 1263 536 1720 0.1175 

1.2 131 50 1.9 918 522 1600 0.0958 

1.4 117 39 2.2 643 515 1300 0.0757 

1.5 115 35 2.4 576 466 1060 0.0730 

1.8 127 26 3.2 435 397 700 0.0655 


found enflurane to be the most depressant 
of 5 general anesthetic agents. Shimosato’s 
group? reported enflurane to be less depres- 
sant than halothane or methoxyflurane. 
When Shimosato's results are expressed in 
MAC as suggested by Saidman,? enflurane 
still remains less depressant than halothane. 


In dogs, Shimosato* reported a shift to 
the left of the force velocity curve and a 
decrease in max dp/dt with enflurane, thus 
indicating negative inotropy. Tarnow? re- 
ported significantly decreased MAP, cardiac 
output, stroke volume, and max dp/dt with 
both halothane and enflurane, and conclud- 
ed that the latter offers no cardiovascular 
advantage over halothane. 


Etsten* reported that enflurane did not 
affect human right ventricular Ушу or car- 
diac output. Dobkin* and Graves and 
Downs* found decreased cardiac output in 
humans under enflurane. Conversely, Rouge * 
reported increases in cardiac output with 
increasing depth of enflurane, attributing 
this to catecholamine release in response to 
a markedly elevated Paco». 


Many indices! *:!» have been proposed to 
assess myocardial function, including max 
dp/dt, dp/dt/IP, and maximum aortic flow 
acceleration. Of these, nearly all are affected 
significantly by changes in preload, after- 
load, HR, and systemic resistance (SR). 


*Unpublished data to Ohio Medical Products. 


Reportedly unaffected is maximum intrinsic 
velocity (V,,,2.!? This can be obtained 
from a left ventricular (LV) pressure trac- 
ing and its first derivative, dp/dt. However, 
we were unable to obtain consistently reli- 
able V,,,, computations from these data, 
due at least in part to rapid heart rate. 


Therefore, max dp/dt, dp/dt/LVDP and, 
where available, aortic flow data are re- 
ported. The awake monkey was its own con- 
trol. Each was exposed to different anes- 
thetics on different days under identical 
conditions. Changes in MAP, CVP, HR, 
and SR were the same for enflurane and 
halothane. This suggests that the major 
variables which may influence contractile 
measurements were similarly affected by 
both drugs. Therefore, the reported param- 
eters should be valid indicators to compare 
effects of anesthetics on myocardial con- 
tractility. Although the data in table 3 
suggest that cardiac output decreases with 
enflurane, additional experiments are need- 
ed to confirm these findings. 


We gained the clinical impression that 
these nonhuman primates behave much the 
same as humans under these two clinically 
somewhat different anesthetics. The only 
notable exception is HR, which was de- 
creased during anesthesia in these excitable 
small animals. Most investigators report an 
increasing НЕ with increasing depth of en- 
flurane in humans. In the majority of 
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human studies, however, the patient received 
a narcotic or barbiturate and an anticholin- 
ergic premedication. It is therefore difficult 
to say if a monkey’s HR responds different- 
ly to enflurane than that of a human. 


In 2 instances for halothane and 3 for 
enflurane, the anesthetic sequence was re- 
peated following beta blockade with pro- 
pranolol. Propranolol decreased max dp/dt 
by approximately 50% in the awake, con- 
scious monkey. But while anesthetized by 
either agent, no appreciable change in dp/dt 
was brought about by the addition of pro- 
pranolol. While there is insufficient data to 
justify a conclusion, one might speculate 
that both agents affect dp/dt by mterfering 
with the sympathetic nervous system and 
specifically the beta-adrenergic response. 
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Guest Discussion 


EVAN L. FREDERICKSON, MD 
Anesthesia Research 
Emory University 
Atlanta, Georgia 


Many writers have tried to describe the 
different effects of various interactions of 
anesthetic agents and the cardiovascular 
system. Each has presented data from a 
slightly different preparation, and condi- 
tions or concentrations have varied. As a 
result, arguments continue to flourish, with 
various individuals coming to different opin- 
ions via the work of the individual that 
happens to fit his own prejudices. 


The very sophisticated study by Dr. 
Ritzman, using a primate preparation, con- 
cludes that there is little difference between 
the action of these two agents on the cardio- 
vascular system. Dr. Ritzman, I believe, 
should be congratulated on coming to this 
conclusion, as it is probably closer to the 
truth than many of the differences that have 
been poorly defined in other studies. 


However, there are some problems with 
his preparation that were not too well de- 
scribed. In spite of the fact that this is a 
primate, it obviously was a very frightened 
postoperative primate in the control period, 
with a heart rate of 185 to 200 at this par- 
ticular time. Also, blood pressure was prob- 
ably increased beyond normal with the mean 
pressure approximately 100 and over in 
each of the groups. The animals were ob- 
viously in a postoperative state with at 
least an inflammatory response around each 
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of ' the chronically implanted instruments 
and had catheters in at least two of their 
major vessels. 


Since the advent of the halogenated anes- 
thetic agents, there has been a great ten- 
dency among anesthesiologists to anesthetize 
the cardiovascular system, almost to the ex- 
clusion of other organ systems. This is evi- 
denced by the fact that I notice residents 
frequently paying much more attention to 
the cardiovascular parameters than to the 
rest of the patient. This probably is not 
nearly so bad as we formerly thought, be- 
cause we have found by experience that the 
depression of the cardiovascular system does 
seem to parallel the depression of the cen- 
tral nervous system or the production of 
what we call “anesthesia.” 


The difficulty of measuring “myocardial 
contractility,” which is not defined in quan- 
titative terms has led to a mass of correla- 
tive data. To use this type of evidence to 
make quantitative comparisons is probably 
not justified. However, “trends” or “ра{- 
terns" developed by animal models or clin- 
ical situations may well be more easily pre- 
dicted by the use of these measurements. 
The increasing use of computers that can 
process repetitive data with increasing speed 
can soon inundate the anesthesiologist with 
numbers and correlations. Thus these in- 
struments should be used to give us matrix 
comparisons, tracking approaches and trend 
analyses. These technics may then be used 
to predict occurrences that the vigilant phy- 
sician still may not diagnose until too late 
for optimum therapy. 


Another very interesting portion of this 
paper is the report of the animals that re- 
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ceived propranolol. Although the other car- 
diovascular parameters were not defined, it 
is stated that the change in dp/dt at least 
was not affected by the addition of anes- 
thetic agents in an animal which could not 
respond with a change in sympathetic ner- 
vous system activity. This would also imply 
that the control state of the sympathetic 
nervous system activity may well influence 
the effect of the anesthetic agent on the 
myocardium. 


Skovsted and Price! have demonstrated 
that enflurane, as well as halothane, fits into 
the group-2 type of anesthetic agents that 
cause a depression of the pressor center in 
the medulla with little effect on depressor 
reflexes. This is in contrast to ether, cyclo- 
propane, and fluroxene, which produce a 
depression of the depressor reflexes with 
little depression of the pressor center—one 
of the surprising effects of enflurane, which 
also is an ether. 


In conclusion, again I would like to con- 
gratulate Dr. Ritzman on his very sophisti- 
cated study that came up with an answer 
that I believe is clinically significant. Per- 
haps with further measurement at a clinical 
level, we will be able to find significant 
differences between the cardiovascular ef- 
fects of these agents, but at present, we 
would have to come to the conclusion that 
both appear to depress myocardial contrac- 
tility to a similar degree. 
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PHENCYCLIDINE Two cases of phencyclidine poisoning are described. Symptoms 


ranged from coma with hypotension to agitation and hallucinations. 
supportive and a reduction of sensory stimulation. 


ineffective. 


Treatment is 
Naloxone or physostigmine were 


Diazepam 0.1 mg/kg may be helpful in the severely agitated patient. 


Phencyclidine abuse should be considered in patients with unexplained acute psychosis, 
dystonie reactions, convulsions or coma. (Tong TG, Benowitz NL, Becker CE et al: 
Phencyclidine poisoning. JAMA 234:512-513, 1975) 
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Low-Dose Intramuscular Ketamine for Pediatric Radiotherapy: 
А Case Report 


H. LAWRENCE AMBERG, MD* 
GLENN GORDON, MD} 


Los Angeles, Californiat 


Ketamine in low IM doses was found to pro- 
duce satisfactory anesthesia for radiotherapy 
in a pediatric patient in a series of extended 


Te anesthesiologist is occasionally in- 

volved in the anesthetic management of 
the pediatric patient for radiotherapy. As- 
suring exact field irradiation often entails 
the use of head molds or face masks and re- 
quires that the patient be unattended dur- 
ing the radiation treatment period. 


Multiple methods of anesthetic manage- 
ment have been advocated. Harrison and 
Bennet! used insufflation of N.O-O.-halo- 
thane mixture with fair results. Browne and 
associates? tried to refine this technic by 
using an elaborate frame to support the 
airway, while the child inhaled N.O-O,- 
halothane via an oral airway. Both these 
methods avoided repeated intubations, but 
required frequent multiple halothane expo- 
sures. The widely used Toronto mixture, or 
“lytic cocktail” (2.75 mg/kg of meperidine, 
0.7 mg/kg of promethazine, 0.7 mg/kg of 
chlorpromazine), has the disadvantages of 
prolonged induction and recovery times and 
relative anorexia during this period. 


The advent of ketamine has offered an 
additional method of patient sedatien with 
three major advantages: Frequent halo- 
thane exposures are avoided, the prelonged 
induction and recovery time associated with 
the lytic cocktails is reduced, and an ade- 
quate airway is assured while the patient is 
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+ Professor. 


treatments. Change in anesthesiologists may 
have been a factor in increasing apprehension 
and anesthetic dosage in later treatments. 


left unattended. Bree and colleagues? dem- 
onstrated the safety of repeated ketamine 
administrations in the monkey, and Corssen 
and Oget! proved the feasibility of using 
ketamine for repeated dressing changes in 
the burn patient, while Sadove’s group? 
showed the excellent analgesic properties 
of ketamine given in low IM doses. Not 
until 1972, when Cronin and coworkers® re- 
ported the use of ketamine in radiotherapy, 
did ketamine supplant inhalation agents and 
lytic cocktails as a safe and easy method of 
immobilizing pediatric patients for brief 
painless treatments. 


Ketamine dosages previously recommend- 
ed for anesthesia in radiotherapy have 
ranged from 2.6 to 22.3 mg/kg IM, with 
and without premedication, averaging in the 
6 to 15 mg/kg range.*5 We have found that 
small doses are feasible, with a concomitant 
decrease in associated recovery time and 
morbidity. 


CASE REPORT 

A 16.4-kg boy with a retinoblastoma at 
age 37 months was treated promptly by sur- 
gical enucleation of the left eye. Five months 
later, recurrence of the tumor in the left 
Socket was noted. A thorough medical eval- 
uation, including brain and liver scans and 
a bone series, failed to elicit evidence of 
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métastases. Following a second excisional 
operation, the decision was made to irradi- 
ẹ ate the socket with 5600 rads. 


Prior to the involvement of the anesthesia 
department, chlorohydrate and lytic cock- 
tails were given without success: 1200 mg 
of chlorohydrate produced an ataxic state 
without sufficient anesthesia for treatment; 
a double dose of lytic cocktail (40 mg of 
meperidine, 40 mg of promethazine, 20 mg 
of chlorpromazine) produced similar effects, 
with the added disadvantages of markedly 
prolonged induction and recovery times. 


The treatments required that the child 
be placed in a molded headrest with a loose- 
mesh fiberglass face mask (fig 1 and 2). 
During a 7-week treatment period ( 4/week), 
the patient received a total of 29 ketamine 
Y administrations: 28 sessions of 200 rads 
each, plus one preliminary session to deter- 
mine field size and location. No premedica- 
tion was administered prior to the first 13 
sessions; however, to reduce the possibility 
of laryngospasm secondary to secretions, 
0.3 mg of atropine was given orally 1 hour 
pretreatment for the remaining 16 sessions. 


ad 


headrest and face 


Fig 1. Patient immobilized in 
mask and ready for a treatment. 


Fic 2. Patient immobilized in headrest and face 
mask and ready for a treatment. 
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Dosage.—lnitially, the patient required 
only 2.7 mg/kg IM to produce a quiet, im- 
mobile state for the 5-minute sessions. 
After 5 treatments, this dosage proved in- 
adequate and was increased to 3.6 mg/kg 
IM; while this was satisfactory for the next 
21 sessions, an increase to 6 mg/kg IM was 
required for the final 3 sessions. Noteworthy 
was a change in anesthesiologists for these 
last 3 sessions. 


Treatment and Recovery.—After injec- 
tion in either buttock, the child remained in 
his mother's arms for the 2 to 4 minutes 
necessary to produce unconsciousness. He 
was then placed in the headrest, the face 
mask applied, and the radiation treatment 
begun. During the treatment, the patient 
was observed via closed-circuit television 
and directly through an observation port. 
'Total time for treatment, from injection to 
the end of irradiation, averaged 10 to 11 
minutes. The patient began to verbalize 
within 12 to 15 minutes from the time of 
injection and was fully recovered within 1 
hour. He was able to leave the recovery 
area walking, escorted by his mother. 


Complications.— Twice the patient pro- 
duced copious secretions, necessitating suc- 
tioning and position changes; both episodes 
occurred in the afternoon after premedica- 
tion with atropine. No treatments were pre- 
maturely terminated. 'Two sessions were 
interrupted to reposition the patient because 
of random hand motions and concluded 
without further incident. No postoperative 
complications, including bad dreams, hallu- 
cinations, emesis, or anorexia, were noted. 
Hemoglobin and WBC counts remained nor- 
mal throughout the therapy, and no decrease 
in platelet count was observed. The patient's 
weight did not change over the 7-week 
course of treatment. 


DISCUSSION 


The anesthetic objectives for radiotherapy 
require rapid onset of action, brief duration, 
rapid recovery, preservation of protective 
reflexes with minimal cardiopulmonary de- 
pression, and good patient acceptance. We 
believe that ketamine fulfills these objec- 
tives better than any other drug or drug 
combination available. 


Taylor and Towey? criticized the use of 
ketamine by demonstrating depression of 
the laryngeal closure reflex and radiograph- 
ic evidence of aspiration under ketamine an- 
esthesia. The dosages used, however, were 
not fully recorded. Dundee and Moore,!" 
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using a small dose, were unable to substan- 
tiate Taylor's work. A later work by Carson 
and associates!! showed frank aspiration in 
patients receiving 2 mg/kg IV but not in 
those whose dose was 1 mg/kg IV. In our 
patient, no signs or symptoms cf aspiration 
or laryngospasm were observed. 


Bad dreams or hallucinations have been 
associated with ketamine; however, this pa- 
tient neither exhibited fear of the treatment 
nor did his mother relate any episodes of 
emergence complications. 


One of the major disadvantages of re- 
peated anesthetics is the disruption of eat- 
ing patterns. Since the patient must, of 
necessity, be kept NPO prior to treatment, 
we chose 0900 hours as the optimal anes- 
thetic time. Treatments were corcluded by 
0915 hours. By 1030 hours, the child was 
awake, hungry, and able to eat. He re- 
tained his appetite throughout the course 
of treatment, despite receiving 5600 rads 
and frequent anesthesia. The copious secre- 
tions noted on two occasions, when treat- 
ment was delayed until the afternoon, may 
have been secondary to increased anxiety 
and fasting, both of which contribute to an 
increase in salivation, aerophagis, and de- 
creased gastric motility.!? 


Tachyphylaxis may have accounted for 
the increase in ketamine dosage from 3.6 to 
6 mg/kg for the last 3 Sessions; however, 
after 21 successful sessions using 3.6 mg/kg, 
the change in anesthesiologists seems a 
more likely cause. The rapport established 
between the patient and the primary anes- 
thesiologist was lacking for the final 3 ses- 
Sions, resulting in increased apprehension 
and anesthetic requirements. Anesthesiolo- 


gists appreciate this correlation between Te- 
ducing apprehension and subsequent anes- 
thetic requirements, by conducting an infor- 
mative preoperative visit. 


REFERENCES 


1. Harrison GG, Bennet MB: Radiotherapy 
without tears. Br J Anaesth 35: 720-722, 1963 


2. Browne CHW, Boulton TB, Erichton TC: 
Anaesthesia for radiotherapy. Anaesthesia 24:428- 
430, 1969 


3. Bree MM, Feller I, Corssen G: Safety and 
tolerance of repeated anesthesia with CI 581 (keta- 
mine) in monkeys. Anesth & Analg 46:596-600, 1967 


4. Corssen G, Oget S: Dissociative anesthesia 
for the severely burned child. Anesth & Analg 50: 
95-102, 1971 


5. Sadove MS, Shulman M, Hatano S, et al: 
Analgesic effects of ketamine administered in sub- 
dissociative doses. Anesth & Analg 50:452-457, 1971 


6. Cronin MM, Bousfield JD, Hewett EB, et al: 
Ketamine anaesthesia for radiotherapy in small 
children. Anaesthesia 27:135-142, 1972 


7. Catton DV: Intramuscular ketamine-repeated 
injections. Can Anaesth Soc J 20:227-229, 1973 


8. Piwoz S, Goldstein B: The use of ketamine 
anesthesia in radiation therapy. Radiology 109:725- 
726, 1973 


9. Taylor PA, Towey RM: Depression of laryn- 
geal reflexes during ketamine anaesthesia. Br Med 
J 2:688-689, 1971 


10. Dundee JW, Moore J: Ketamine anaesthesia. 
Br Med J 3:46, 1971 


11. Carson IW, Moore J, Balmer JP, et al: 
Laryngeal competence with ketamine and other 
drugs. Anesthesiology 38:128-133, 1973 


12. Bogoch A: Gastroenterology. New York, 
McGraw-Hill Book Company, 1973, pp 12-13 and 
22-24 


INCIDENCE OF EXTRA-ARACHNOID CSF LEAKAGE AFTER LUMBAR PUNC- 


TURE (German). 


In contrast-medium tests for 


postpunctural CSF leakage after 


lumbar puncture, comparison of 2 different needles in 100 myelographies showed a 
1.2-mm OD needle to give nearly 300% more accurate findings than a 0.7-mm OD 


needle, using the same contrast medium 


(Dimer-X). Epidural leakage, the most 


frequent type, showed a “Christmas-tree” appearance on AP x-ray. Subdural leakage 
appeared in a “railroad-track” pattern on lateral viewing. (Wiggli, Oberson. Schweiz 


Med Wochenschr 105 :235-239, 1975.) 
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N,O Volumes Absorbed and Excreted During 
N,O Anesthesia in Children 


ERNEST SALANITRE, MD* 
HERBERT RACKOW, Мрт 


New York, New York: 


Exhaled volumes were measured in 8 children 
during uptake and elimination of 3 percent and 
15 percent N.O, using a volume-controlled ven- 
tilator. Absorption of 75 percent N:O during 
induction reduced the exhaled minute volume, 
which fell a mean of 16 percent in the 1st or 
2nd minute and returned to normal by 15 to 
20 minutes. Elimination was the mirror image 
of uptake; the mean increase in the exhaled 
minute volume was 13 percent. The concentra- 


"s volume of gas absorbed into pulmo- 
nary capillary blood during N.O anes- 
thesia and then excreted into alveoli during 
elimination may cause such clinical condi- 
tions as diffusion anoxia! and the concentra- 
tion effect. Measuring volume and time 
course in 8 children, using a volume con- 
trolled ventilator, and ascertaining the con- 
centration effect, previously reported only 
in dogs,?? we used these data to calculate 
the reduction in alveolar volume (V4) asso- 
ciated with the absorption of N.O in clinical 
concentrations. 


MATERIAL AND METHODS 

Eight infants and children, 11 months to 
6 years of age, were studied. All were with- 
out clinical evidence of cardiorespiratory 
disease. Data were obtained during the 
course of prolonged surgical procedures re- 
quiring many hours of anesthesia. Three 
patients underwent urethral operations, 4 
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tion effect during uptake was measured (3 
percent versus 75 percent №0) and the data 
were used to calculate a fall in alveolar volume 
of at least 8 percent by the 2nd minute of up- 
take. The type of ventilation (volume-limited, 
pressure-limited, or spontaneous) was seen to 
have a modifying role on the respiratory pat- 
tern caused by the absorbed and excreted vol- 
ume of N.O. 


had urinary bladder procedures, and one 
had rectal surgery. 


Secobarbital, atropine, and, in one in- 
stance, meperidine were given for premedi- 
cation. Induction of anesthesia was by face 
mask using halothane in O,, except for an 
apprehensive child who received rectal sodi- 
um thiopental (25 mg/kg) followed by 
halothane and О„ by mask. Succinylcholine 
(1mg/kg) was administered intravenously 
prior to the insertion of a cuffed endotra- 
cheal tube. Air was injected into the cuff 
until no leakage could be heard from around 
the tube at an inflating pressure of about 
20 torr. (This pressure was never exceeded 
by the inflating pressure of the respirator 
subsequently used.) Morphine and either 
d-tubocurarine or pancuronium were given 
intravenously, in repeated small doses, dur- 
ing the course of the anesthetic procedure, 
and ventilation was maintained with a vol- 
ume-limited pediatric Frumin respirator 
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and a nonrebreathing system. The halothane 
concentration was adjusted to 0.75 percent 
in О„, and anesthesia and operation contin- 
ued for at least 90 minutes before the studies 
began. In all cases, the studies were com- 
pleted before the operation was terminated. 


Vital signs were monitored with a chest 
or esophageal stethoscope, a standard blood- 
pressure cuff, ECG, and a rectal er esophag- 
eal temperature probe. Body temperature 
was kept between 36.5 and 37.5 C by con- 
trolling the temperature of the room and by 
a hot and cold circulating water mattress.* 


An end-tidal sample of 0.75 ml was taken 
from the patient end of the endotracheal 
tube through a fine catheter, usinz an inter- 
mittent sampling pump automatically timed 
by the respirator to sample at ihe end of 
each expiration. This sample was pumped 
through the microcuvettes of three infrared 
analyzers} in series, one adjusted for N.O 
concentrations between 0 and 4 percent, 
one for N.O concentrations between 45 and 
75 percent, and one for CO.. The N.O ana- 
lyzer cases were filled with 100 percent CO, 
and the CO, analyzer case was filled with 
100 percent N.O, to eliminate “crossover” 
between the two gases. 


'The inspiratory tidal volume (Mea) was 
adjusted until the end-tidal CO. concentra- 
tion stabilized at about 5 percent, then the 
respirator controls were not changed for the 
entire study. The rate of cycling was 24/ 
min. The exhaled minute volume (Ур) of 
all subjects was measured in a pair of “9” 
L lightweight spirometers counterbalanced 
on one chain and suspended in water. A 
double valve system allowed one spirometer 
to fill with the patient's expired air while 
the other was emptying into room air. When 
the first spirometer was filled, ihe valves 
were reversed. This system made it possible 
to use spirometers small enough to measure 
the Vy of an infant, and yet have the capa- 
city to measure for several hours. A single 
kymograph recorded volumes. The end- 
tidal sample of 0.75 ml was neglected for 
volume measurements. 


The constancy in the output of the ven- 
tilator (the inspired minute volume [Vi] 
was tested by connecting the ventilator 
through an appropriate resistance to the 
spirometers for 12 minutes and measuring 
low V; by a pair of “1” І, spirometers and 
measuring high V; by the “9” L spirometers. 





*Gorman-Rupp. 


TBeckman Instrument, LB-1. 


The halothane vaporizer was of the Cop- 
per Kettle? type, in which O, bubbled 
through liquid halothane. Its output was 
appropriately diluted with a separate flow 
of O, or N,O-O,, which resulted in a final 
concentration of 0.75 percent halothane. The 
temperature of the vaporizer remained con- 
stant throughout the period of the study. 


Each patient was ventilated initially with 
an inspired gas mixture of 0.75 percent halo- 
thane in О„. After pulse, blood pressure, 
body temperature, end-tidal CO, concentra- 
tion, and Ý, were stable during a first con- 
trol period of 10 to 20 minutes, the diluent 
gas was changed abruptlyi from 100 per- 
cent O, to approximately 3 percent N.O 
in O., premixed in a tank, for the first up- 
take study. Following 15 to 20 minutes of 
N.O uptake, the diluent gas was abruptly 
changed back again to 100 percent O, for 
the first elimination study. End-tidal М.О, 
end-tidal CO», and V, were measured dur- 
ing both the uptake and elimination phases 
of the 3 percent N.O study. 


The second control period began when 
end-tidal N.O concentration fell to less than 
0.05 percent during the elimination phase, 
with 100 percent О„ as the diluent. The 
same sequence was repeated, using 75 per- 
cent instead of З percent premixed N.O-O.. 
Similar volume measurements were made 
but end-tidal N.O concentration was not 
monitored during elimination of 75 percent 
N.O, (as the high-concentration №0 ana- 
lyzer was internally adjusted with a sup- 
pressed zero at 45 percent N.O to attain 
the desired sensitivity for the uptake study). 


The sampling, analytical, and recording 
systems have been previously described.? 
At frequent periods during each study, in- 
spiratory gas mixture was analyzed and the 
infrared analyzers were calibrated against 
known gas concentrations delivered from 
previously analyzed premixed tanks. 


Pulmonary equilibration curves were con- 
structed for the uptake period of N.O by 
converting the end-tidal N.O concentrations 
to F/F; ratios (end-tidal concentration/ 
inspired concentration) and plotting them 
against time. 





iThe internal volume of the respirator (estimate, 
200 ml) could not be emptied and refilled instan- 
taneously at time zero. This created an error with 
a time constant calculated to be about 0.14 minutes 
for the smallest patient whose Vmin was 1455 
ml/min (time constant, assuming ў, = Ya =vol/ 
flow = 200 1/1455 ml/min = 0.14 min). The error 
is the same for the two concentrations of N.O used 
and in any event becomes insignificant in about 
1$ minute. 
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TABLE 


Maximum Change in Exhaled Minute Volume (Vg) During Uptake 
and Elimination of 75 Percent NO 





Control V Contro! ve 
pat rom Ке з е дее. Ж xe у 
1 11 mo 7.4 1455 1456 —13.9 +13.2 
2 19 mo 8.5 1380 1428 —16.8 +11.4 
3 2% yr 13.9 1970 2059 —16.2 +8.7 
4 3 yr 14.5 2179 2201 —16.6 +12.2 
5 3 yr 14.6 2345 2304 —15.6 — 
6 3 yr 20.0 2568 2592 —15.7 +12.2 
Т. 5 уг 19.8 2575 2632 —17.6 — 
8 6 yr 19.5 2400 23'16 —17.1 +20.2 
Mean change (+ SD) —16.2 + 1.3 +13.0 + 4.1 
RESULTS The maximum change in Vy for each sub- 


1. Variations in the V,;—The output of 
the Frumin pediatric respirator (Vj), as 
measured in each of a pair of “1” L spirom- 
meters for 12 minutes at a low Vp averaged 
1377 ml + 7.4 ml (SD) and 1315 ml + 17 
ml. As measured in each of the pair of “9” 
L spirometers at a higher Уу the minute 
output of the respirator averaged 9964 ml 
+ 31 ml and 10,081 ml + 45 ml. The SD 
was about + 1 percent of the Vmin at low 
У, and less at higher V4. The pair of “1” 
L spirometers differed by 5 percent, while 
the “9” Т, spirometers differed by 1 percent. 


2. Exhaled Y min During Control Periods. 
— During the first and second control peri- 
ods in patient 1 (table) Vy was 1455 ml + 
28 ml and 1456 ml + 21 ml, respectively. 
The SD was less than + 2 percent of the Vp. 
The control V, of all patients is shown іп 
the table. 


3. Exhaled Y min During 3 Percent NO 
Uptake.—V,, in patient 1 (table) averaged 
1461 ml + 19 ml. These data are not sig- 
nificantly different by Student's t-test from 
the V, during the first control period. The 
same pattern was found in the other sub- 
jects (table). 


4. Exhaled Y min During 75 Percent N,O 
Uptake.—This fell in the 1st minute in pa- 
tient 1 from an average of 1456 to 1253 ml 
and then gradually returned to control by 
20 minutes, a fall of 203 ml, or —13.9 per- 
cent of control. The difference from control 
for the first 10 minutes was —795 ml or —5.5 
percent of the total control exhaled volume. 


ject occurred in either the 1st or 2nd min- 
ute of uptake (table), for a mean value of 
—16.2 + 1.3 percent. 


5. Exhaled Y min During Elimination of 
75 Percent N,O.—vV during elimination in- 
creased to 1649 ml in patient 1 in the 1st 
minute and then gradually returned to con- 
trol by 15 minutes, a rise of 193 ml or 
+13.2 percent of control (fig 1). The AV, 
in the 1st 10 minutes was +773 ml or 45.3 
percent of control. Mean change at the peak 
effect for all subjects was +13.0 + 4.1 per- 
cent and occurred in either the 1st or 2nd 
minute of elimination (table). 


6. Pulmonary Equilibration of 3 Percent 
N.O and 75 Percent N,O During Uptake.— 
The pulmonary equilibration curve (end- 
tidal N.O/inspiratory №0, F,/F;, versus 
time) for 75 percent NO for subject 1 is 


ve 
(ml/min) 








10 15 Minutes 


-0 -10 о 10 2 $ 5 


*—— CONTROL —* i Sw ELIMINATION —> 


Fic 1. Exhaled minute vol (ў) during uptake 
and elimination of 75% N,O, and the concentration 
effect. (3% versus 75% N.O) in an 11-month-old 
infant. 
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shown in figure 1, with the 3 percent N.O 
equilibration curve for comparison. The 75 
percent curve is closer to inspiratery tension 
than the 3 percent. This same pattern was 
seen in each subject. 'The average 3 percent 
and 75 percent curves for all subjects and 
the range are shown in figure 2. The differ- 
ence in F/F; between the З and 75 percent 
curves is 0.07 at 2 minutes, 0.06 at 5 min- 
utes, and 0.05 at 10 minutes. 


DISCUSSION 


Uptake of З percent М.О had an insig- 
nificant effect on the Ук, since the volume 
of М.О exchanged was small. However, the 
uptake of 75 percent N.O caused a fall and 
then, during elimination, a rise in Уу. This 
is a measure of the magnitude and time 
course of the absorbed and then excreted 
volume of М.О (fig 1 and table). The size 
and the time course of the absorbed volume 
were the inverse of those of the excreted 
volume, but otherwise were similar. 'This 
follows the expected course of N.O absorp- 
tion and excretion and corresponds well with 
the calculated!» and measured time course 
of exchange of N.O between lung and pul- 
monary capillary blood in adults.* 


The magnitude of the effect of absorption 
of М.О on exhaled Vmin can be calculated. 
In subject 1, the V, fell 203 ml in the 1st 
minute (fig 1), or —13.9 percent of control. 
The average volume of N.O absorbed рег 
breath during the 1st minute was 13.9 per- 
cent X the control У of 60.6 ml, or 8.5 ml. 
In this 1st minute, the maximum absorbed 
volume in a single breath must have been 
higher than the average, 8.5 ml, since at 
time zero, absorption was zero, and then 
gradually reached a maximum. The mean 
change in the V, at the peak effect for all 
subjects was —16.2 percent during uptake 
and +13.0 percent during elimination (ta- 
ble). For comparison, in the resting steady 
state in the infant and adult, the volume of 
О, absorbed is 4 to 5 percent of the ўтіп,7.% 
and most of this absorption effect is counter- 
balanced by simultaneous excretion of COs. 


The maximum effect of absorption of N.O 
on lung volume is also of interest and may 
be calculated from figure 2, which shows 
the average concentration effect for all sub- 
jects during uptake. It is important to re- 
member that during uptake with a volume- 
controlled ventilator, absorption of N.O re- 
duces lung volume as it changes during the 
breathing cycle. This increases the tension 
of all alveolar gases, compared to what the 
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Fic 2. Concentration effect in 8 children. Circles 
indicate means; bars indicate range. F/F; —-end- 
tidal concentration/inspired concentration ratio. 


tension would have been without any shrink- 
ing of lung volume. The magnitude of this 
concentration effect (3 percent versus 75 
percent N.O) at the end of the first 2 min- 
utes can be estimated as follows: 


1. At 2 minutes, for 3% N.O, 
Ек _ 249% (measured) _ 
Е, 3.15% (inspired) | 

2. At 2 minutes, for 75% N.O, 
Ек 64.5976 (measured) _ 0.86 
F, 75.3% (inspired) : 


3. If there were no shrinkage of lung 
volume, F;/F, for 75 percent М.О would 
theoretically be the same as that for 3 per- 
cent М.О (0.79) and the theoretic alveolar 
М.О concentration would be 59.4 percent 
instead of 64.5 percent: 


Fy 59.4% (theoretic) = 
F; 75.3%, (inspired) 
The amount of lung volume shrinkage neces- 


sary to increase this theoretic 59.4 percent 
N.O to the measured 64.5 percent is: 


0.79 








0.79 











59.4 ml NO shrinkage of lung 59.4 ml NO 

100 ml lung vol x ml lung vol 
59.4 ml 

= 64.5% М.О. x ml lung vol = 645% ^ 92 ml 


Thus, the shrinking of lung volume was 8 
percent. This represents an average change 
over the first 2 minutes and is an approxima- 
tion only, since the increased tension due to 
the shrinkage must have caused further ab- 
sorption of the 59.4 ml of N.O, which in 
turn would cause further shrinkage of the 
92 ml of lung volume. All alveolar gases 
(О„, CO», halothane) in addition to N.O, 
are affected .?.4.9.10 


'The effect on the respiratory pattern due 
to the absorbed and excreted volume of N,O 
will vary according to the type of ventila- 
tion.! During uptake, absorption causes 
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spontaneous respiration (at constant Pco.) 
to have the largest inspired and expired V, 
compared with other types of ventilation. A 
volume-limited ventilator will have the 
smallest inspired and expired Vp, while a 
pressure-limited ventilator will be in be- 
tween. During elimination, excretion causes 
the reverse order. Since our data on the 
concentration effect during uptake were ob- 
tained with a volume-limited ventilator, 
they represent a smaller effect than would 
be seen with other types of ventilation. 


In the first description of pulmonary ab- 
sorption-excretion volume effects, Fink! also 
measured Vmin, estimating the eliminated 
N.O as being 10 to 12 percent of the total 
exhaled volume in the first 10 minutes dur- 
ing recovery from N.O anesthesia. This is 
about twice the value we obtained in the 
same 10 minutes, but use of a volume-lim- 
ited ventilator should show a smaller effect. 
However, unlike our study, the time course 
of the eliminated N.O in Fink's study did 
not follow a consistent pattern of excretion: 
in one of the three patients whose inspired 
and expired volumes were studied, the ex- 
haled Vmin gradually increased in the first 
10 minutes, reaching a peak at the end; in 
the second, it promptly reached a peak and 
then gradually decreased; and in the third, 
it immediately reached a plateau which was 
relatively stable for the entire period. These 
were spontaneously breathing surgical pa- 
tients recovering from anesthesia. They must 
have experienced changing levels of anes- 
thesia and pain, even though breathing was 
regular. This may have contributed to vari- 
ations in ventilation and circulation that 
could explain the inconsistent time course. 


Sheffers group? also studied diffusion 
anoxia in spontaneously breathing adults, 
noting a fall in Расо, of about 10 torr which 
persisted after N.O excretion had fallen. A 
sustained fall in Paco, in the presence of 
an ever-decreasing excretion of №0 can be 
explained only by a sustained increase in 
the inspired V4 (causing a similar increase 
in the expired V4) and/or a persistent fall 
in CO, transport to the lungs. Although 
these variations in ventilation and circula- 
tion are the true clinical conditions of re- 
covery, they modify the time course of 
elimination of N,O and make difficult the 
study of the basic effect of volume change 
alone. 


In our studies with children, during the 
periods of uptake and elimination of 75 per- 


cent N.O, the higher concentration could 
have affected cardiac output even though no 
changes in pulse and blood pressure were 
seen. An increase in cardiac output would 
increase the pulmonary absorbed/excreted 
volume of N.O/min and increase the con- 
centration effect, while a decrease in car- 
diac output would do the reverse. However, 
Smith and coworkers!? found that, in 
healthy adults during steady state, light 
halothane anesthesia, 0.8 to 1.2 percent end- 
tidal, with controlled ventilation and no 
surgical operation, there was no change in 
cardiac output, pulse, or blood pressure upon 
addition of 70 percent N.O. Our conditions 
were similar though not identical. 
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Absence of Autoregulation of Cerebral Blood Flow 
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The effects of halothane and enflurane anesthe- 
sia under conditions of normo-, hyper-, and 
hypocarbia on the autoregulation of cerebral 
blood flow (CBF) in the goat were evaluated. 
The goat was selected because of its unique 
arterial blood supply to the head and the devel- 
opment of a method by which CBF may be 
continuously measured. The study revealed that 
1 MAC of halothane or enflurane anesthesia 
at normocarbia abolished cerebral autoregula- 


I: IS generally presumed that halogenated 
hydrocarbon anesthetics have little ef- 
fect on the cerebral vascular autoregulatory 
mechanism, despite ample demonstration 
that these agents are potent cerebral vaso- 
dilators.-^ Severe technical restraints in 
studying moment-to-moment cerebral blood 
flow (CBF) exclusive of changes in periph- 
eral hemodynamics have no doubt confound- 
ed separation of the direct vascular action 
of anesthetics from their effects on cerebral 
regulatory mechanisms. 


In this study, the effects of halothane and 
enflurane anesthesia under conditions of 


tion, CBF increasing or decreasing with in- 
creasing or decreasing peripheral blood pres- 
sure. Reduction of anesthesia to 0.5 MAC 
partially restored cerebral autoregulatory ca- 
pability. The effect of 1 MAC and 0.5 MAC 
anesthesia on cerebral autoregulation of blood 
flow was potentiated by hypercarbia and an- 
tagonized by hypocarbia, indicating that the 
vascular response to blood СО. fluctuations re- 
mained intact. 


hyper-, normo-, and hypocarbia on the auto- 
regulation of CBF in the goat were evalu- 
ated. The goat was chosen because of its 
unique arterial blood supply to the head 
and the development of a method by which 
CBF may be continuously measured in both 
anesthetized and unanesthetized animals.7:8 


METHODS 


The studies were performed on a model 
developed by Reimann's group’ for the con- 
tinuous measurement of ipsilateral CBF in 
the unanesthetized, unrestrained goat. Full 
anatomic descriptions of the arterial blood 
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Cerebral Blood Flow . .. Miletich, et al 


supply to the goat brain and the detailed 
methods employed to prepare the animal for 
study have been presented elsewhere.?.!? 
Briefly, total blood flow to each cerebral 
hemisphere is provided by a single external 
carotid artery. The external carotid bifur- 
cates extracranially, forming the lingual and 
internal maxillary arteries. Two major ves- 
sels, the ramus anastomoticus and arteria 
anastomotica, arise from the internal maxil- 
lary and enter the cranial vault where they 
empty into the rete mirabile. The rete mi- 
rabile consists of a compact network of in- 
tertwined, freely anastomosing arteries per- 
mitting a high degree of contralateral com- 
munication across the midline of the brain 
and rete. The vascular communication is so 
extensive that the two structures are vir- 
tually one. Blood leaves the rete by the 
right and left internal carotid arteries and 
empties into the circle of Willis. Branches 
from the internal maxillary also supply 
blood to the extracerebral tissues via the 
buccinator, ethmoidal, and ophthalmic ar- 
teries. 


Eight mature female goats weighing 30 to 
40 kg were surgically prepared for study as 
follows: Anesthesia was induced with mask- 
administered halothane, after which the ani- 
mal was intubated; artificial respiration was 
maintained using an Ohio respirator with 
1.597, halothane in 100% O.. An esophageal 

' gastric tube was inserted to prevent vomit- 
ing and aspiration. A lateral incision was 
made along either the right or left mandible 
and a small portion of the mandible was 
removed to expose the internal maxillary, 
ramus anastomoticus, temporal, and dental 
arteries. Ligatures were placed around the 
internal maxillary distal to the ramus anas- 
tomoticus and on the temporal and dental 
arteries. 


Due to their physical inaccessibility, ex- 
tracerebral blood flow through the ophthal- 
mic, ethmoidal, and buccinator arteries was 
obliterated by slowly injecting 1 to 2000 
NIH units of thrombin in 0.5 ml of saline 
solution into the internal maxillary artery 
anterior to the site of ligation. The injected 
thrombin produced immediate clotting and 
elimination of extracerebral blood flow, as 
evidenced by the appearance of thrombosed 
vessels in the sclera and postsurgical ipsi- 
lateral blindness. 


After this, a 4-mm Statham electromag- 
netic flow probe was placed around the in- 
ternal maxillary artery for the continuous 
measurement of ipsilateral cerebral blood 
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flow. A left thoracotomy was also performed 
and an 18-mm Statham electromagnetic 
flow probe was placed around the pulmonary 
artery for the measurement of cardiac out- 
put. A long, firm catheter was introduced 
into the aorta through the femoral artery 
for blood-gas and arterial blood pressure 
measurements. A similar catheter was placed 
in the femoral vein for the infusion of pres- 
sor drugs. All incision sites were appropri- 
ately closed for proper healing. In most 
cases, the animals were ready for study 2 
weeks after the surgical procedures. 


The presence or absence of autoregula- 
tion of CBF in the experimental animals 
was determined by simply increasing or de- 
creasing systemic arterial pressure through 
the infusion of vasoactive agents while si- 
multaneously monitoring CBF. In the awake 
animal, angiotension and/or dopamine was 
infused via the femoral vein catheter with 
a constant-rate infusion pump in sufficient 
concentrations to raise arterial pressure. 
(Neither agent separately nor in combina- 
tion had any effect on CBF in the awake 
animal.) Sodium nitroprusside was used to 
lower arterial pressure. In animals anesthe- 
tized with halothane or enflurane, hypoten- 
sion was produced as a consequence of the 
anesthetic and it was therefore only neces- 
sary to raise arterial pressure by infusing 
angiotensin or dopamine to verify the pres- 
ense or absence of cerebral autoregulation. 


Conditions of hypercarbia in anesthetized 
animals was produced by having the animals 
breathe a mixture of 10% CO, and air. Hy- 
pocarbia was produced by hyperventilation. 
Blood samples were drawn at appropriate 
times throughout each experiment for blood- 
gas analysis and gas chromatographic anal- 
ysis of anesthetic concentration. 


Eight animals were randomly studied un- 
der the following experimental conditions: 
awake; 0.5 MAC halothane anesthesia at 
hyper-, hypo-, and normocarbia; 1 MAC 
halothane anesthesia at hyper-, hypo-, and 
normocarbia. Six animals were studied as 
described but with enflurane. N O was not 
used in any of the experimental trials in- 
volving 1 MAC anesthesia and was used 
only when necessary during 0.5 MAC anes- 
thesia. О„ (10095) was used at all experi- 
mental trials except with awake animals. 


RESULTS 


CBF remained remarkably constant 
throughout an increase or decrease in MAP 
between 60 to 200 torr in the awake animal 
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Fic 1. Effects of increasing systemic arterial 
pressure on ipsilateral CBF in the awake goat. 
Elevation in MAP to 200 torr produced-only a slight 
increase in CBF. CBF = cerebral blood flow in 
ml/min; CO = cardiac output in L/min. Recording 
paper speed 1 mm/sec. 
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Fic 2. Effects of decreasing systemic MAP on 
ipsilateral CBF in the awake goat. Decreases іп 
MAP to 50 torr produced only a slight decrease in 
CBF. Recording paper speed 1 mm/sec. 


(fig 1 and 2). However, during 1 MAC 
halothane anesthesia (fig 3) under normo-, 
hyper-, and hypocarbia, autoregulation of 
CBF was abolished. With each progressive 
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Fic 3. Effects of increasing systemic МАВР on 
ipsilateral CBF during 1 MAC halothane anesthesia 
(average) 17 + 5.6 mg/100 ml blood + SD, n = 8) 
at normocarbia (average Рсо, 32.7 = 6.2 + SD, 
n = 8), hypercarbia (average Pco, 68 + 10.4 + SD, 
n —8), and hypocarbia (average Pco, 19.3 = 2.6 
+ SD, n — 8). 


increase in MAP, there was a parallel ele- 
vation in CBF (fig 4). Compared with nor- 
mocarbia, hypocarbia reduced both the mag- 
nitude and rate of change in cerebral flow. 
Hypercarbia increased the magnitude of 
CBF but did not affect the rate of change of 
cerebral flow. Enflurane, in equipotent anes- 
thetic concentrations, produced similar ef- 
fects on autoregulation as compared to halo- 
thane (fig 5). 


Reduction of halothane anesthetic levels 


to approximately 0.5 MAC partially restored 
autoregulation of CBF. At normal blood 
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Fic 4. Effects of increasing systemic MAP on 
ipsilateral CBF during 1 MAC halothane anesthesia. 
Recording paper speed 1 mm/sec. 
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Fic 5. Effects of increasing systemic МАВР on 
ipsilateral CBF during 1 MAC enflurane anesthesia 
(average 26.2 = 8 mg/100 ml blood = SD, n = 6) 
at normocarbia (average Pco, 34.2 + 23 + SD, 
n = 6), hypercarbia (average Рсо, 59.1 + 7.7 + SD, 
п = 6), and hypocarbia (average Pco, 22 6.3 = 
SD, n — 6). 


СО, concentrations, CBF increased with in- 
creasing blood pressure up to a MAP of 
about 96 torr (fig 6). After this, CBF no 
longer increased, despite continued eleva- 
tion in arterial blood pressure (fig 7). Pre- 
sumably, the pressure at which CBF leveled 
off is the point in arterial pressure at which 
autoregulation of cerebral flow became man- 
ifest. Hypocarbia slightly reduced the “au- 
toregulatory point" in arterial pressure, 
while hypercarbia elevated the autoregula- 
tory point (fig 6). 


The susceptibility of CBF to sudden 
changes in peripheral hemodynamics in the 
absence of autoregulation due to 1 MAC 
halothane anesthesia can be seen in figure 8. 
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Fic 7. Effects of increasing systemic MAP on 
ipsilateral CBF during 0.5 MAC halothane anes- 
thesia. Recording paper speed 1 mm/sec. 


A spontaneous episode of decreased cardiac 
output and blood pressure was immediately 
reflected in CBF. 


Figure 9 illustrates an atypical CBF re- 
sponse to blood pressure change (as com- 
pared to the typical, in fig 7) under 0.5 
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Fic 6. The point in systemic МАВР above which 
the autoregulation of CBF became manifest during 
0.5 MAC halothane anesthesia (average 8.45 + 2.3 
mg/100 ml blood, n — 8) at normo-, hyper-, and 
hypocarbia. 
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Fic 8. Demonstration of the susceptibility of CBF 
to sudden changes in peripheral hemodynamics dur- 
ing 1 MAC halothane anesthesia at normocarbia. 
Recording paper speed 1 mm/sec. 
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Fic 9. Demonstration of partially impaired auto- 
regulation of CBF during 0.5 MAC halothane anes- 
thesia shortly after induction of anesthesia. Record- 
ing paper speed 1 mm/sec. 


MAC halothane anesthesia at normocarbia. 
In this situation, CBF returned to preangio- 
tensin levels, while arterial pressure re- 
mained elevated. This kind of response was 
generally seen shortly after the induction of 
anesthesia and was usually not demonstra- 
ble after approximately 20 minutes of anes- 
thesia. Presumably, in the early phase of 
anesthesia, the brain and vascular tissues 
had not equilibrated in terms of anesthetic 
concentration with the blood and therefore 
retained some autoregulatory capability. 


DISCUSSION 


Autoregulation of CBF may be described 
as the ability of the brain to maintain an 
adequate flow consistent with its metabolic 
needs, independent of changes in peripheral 
hemodynamics. Ordinarily, in many species, 
of animals and man, changes in MAP, be- 
tween 60 and 150 torr, have little effect on 
CBF!!!? However, the goat has a greater 
autoregulatory range, and MAP changes up 
to 200 torr produced little effect on the 
magnitude of CBF (fig 1). The ability of 
the goat to maintain a constant cerebral flow 
at extremely high arterial pressures is due 
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to the rete mirabile being distal to the cir- 
cle of Willis, where it damps excessively 
high peripheral arterial pressures but has 
little effect on pressures between 50 and 150 
torr.!? 


As seen in this study, halothane and en- 
flurane anesthesia impair the cerebral auto- 
regulatory mechanism. Light anesthesia, eg, 
0.5 MAC, at normocarbia reduces the effec- 
tive range of MAP over which CBF is regu- 
lated (fig 6 and 7). Up to a mean pressure 
of 96 torr, CBF passively follows peripheral 
changes in pressure. Above 96 torr, autoreg- 
ulatory capability appears intact, since CBF 
exhibits no further increase despite con- 
tinued elevation in peripheral pressure. In- 
creasing the depth of anesthesia to 1 MAC 
at normocarbia totally eliminates effective 
cerebral autoregulation (fig 3, 4, and 5). 
CBF increases linearly with increases in 
MAP from 60 through 150 torr. 


CO., the most potent cerebral vasodilator 
known, is reportedly?:14 potentiated by halo- 
thane anesthesia. However, it is not clear 
from these reports whether the observed 
halothane-CO, “potentiation” was simply 
addition of their vasodilative effects or true 
potentiation (which would require that the 
two in combination produce a greater effect 
than the sum of their individual effects). In 
the present study, the problem of halothane- 
CO, “potentiation” could not be resolved, 
but it was evident that the level of blood 
СО, had considerable impact on the state 
of cerebral autoregulation during anesthesia. 
The effect of CO, was best seen in situations 
of 0.5 MAC anesthesia (fig 6). 


Hypocarbia enlarged the range of arterial 
pressure over which CBF was regulated as 
compared with normocarbia, while hypercar- 
bia reduced the range. Since decreased CO, 
decreased the point in peripheral pressure 
at which autoregulation began, while in- 
creased CO, increased that point, it would 
appear that the vascular effects of CO. were 
merely superimposed on the anesthetic ef- 
fect. This likelihood was further substanti- 
ated by the demonstration that elevated 
blood CO, during 1 MAC anesthesia in- 
creased the magnitude of CBF, but did not 
alter the rate of CBF increase. However, 
hypocarbia not only reduced the magni- 
tude of CBF but significantly lessened the 
rate of cerebral flow increase (fig 3 and 4). 
The latter observation would imply that the 
vasoconstrictive effect of hypocarbia pre- 
dominates over the vasodilative effects of 
halothane or enflurane anesthesia. 
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These findings suggest that, independent 
of other considerations, hypocarbia would 
be a desirable adjunct to anesthetic manage- 
ment involving patient requiring positional 
changes. 


Most attempts to explain the mechanism 
of CBF autoregulation fall into one of 3 
hypotheses: (1) the vasomotor theory,!® 
(2) the metabolic theory,!? or (3) the neu- 
rologic reflex theory.!7:18 All three explana- 
tions lack definitive experimental evidence 
and are based primarily on inference. Evi- 
dence for a neurologic reflex mechanism in 
the control of CBF is of such an indirect 
nature that it is difficult to accept. The 
metabolic theory proposes that a rapid 
build-up of acid metabolites induces vascu- 
lar vasodilation, but the mechanism of cere- 
bral vascular vasoconstriction in response to 
peripheral pressure increases is not as easily 
explained and is therefore a major weakness 
in this theory. The vasomotor theory is per- 
haps the most logical and is thus the most 
generally accepted. 


Simply stated, the vasomotor theory re- 
quires that the smooth muscle layer of the 
cerebral vessels act as stretch receptors 
atuned to the state of intraluminal pressure. 
As intraluminal pressure increases, the 
smooth muscle layer contracts and as pres- 
sure drops, the smooth muscle relaxes. 
While the idea appears plausible, the pres- 
ent study would indicate that refinement of 
this concept is necessary to comply with 
experimental observation. 


As demonstrated, 1 MAC of halothane or 
enflurane anesthesia abolishes autoregula- 
tion, suggesting relaxation and/or paralysis 
of cerebrovascular smooth muscle. However, 
since the cerebral vessels retained the abil- 
ity to respond to changes in blood CO, lev- 
els during 1 MAC anesthesia, relaxation or 
paralysis of vascular smooth muscle would 
seem unlikely as an explanation for the loss 
of autoregulation. It is apparent that the 
cerebrovascular response to systemic arte- 
rial-pressure fluctuations and blood CO, 
changes are initiated by separate, specific 
pathways but are manifested by the same 
mechanism, the contraction or relaxation of 
vascular smooth muscle. 


Specificity suggests the presence of dis- 
crete receptors or mechanisms for both phy- 
siologic responses. Within the autoregula- 
tory pathways, these receptors apparently 
are not homogenous, or they are physically 
distributed in such a way as to render some 
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of them less accessible to anesthetic inter- 
action than others. The response seen in 
figure 9 could be explained by a receptor 
fitting this description. (It should be under- 
stood that the term "receptor" as used here 
refers to either a specific molecular config- 
uration or a particular metabolic event 
which, when appropriately agonized, would 
lead to vascular smooth muscle activity.) 
The change in CBF following an increase 
in arterial blood pressure during 0.5 MAC 
halothane anesthesia at normocarbia (fig 9) 
was only seen shortly after the induction of 
anesthesia and presumably represents a 
situation in which the cerebral vascular and 
brain tissue had not been completely satur- 
ated with anesthetic, thus retaining some 
autoregulatory capability. Clearly, then, the 
autoregulation of CBF is not an “all-or- 
none” process. Partially impaired autoregu- 
lation of CBF has also been reported in 
situations of brain injury!” and hypoxia.?" 


Earlier reports!*?' have asserted that 
halothane anesthesia does not disrupt cere- 
bral autoregulation. These assertions were 
based on static hemodynamic observations. 
A single measurement of CBF at any par- 
ticular peripheral arterial pressure gives no 
information concerning the status of cere- 
bral autoregulation. Assessment of the in- 
tegrity of autoregulation during anesthesia 
requires multiple CBF measurements as 
peripheral pressure changes. 
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Guest Discussion 


EDWARD A. BRUNNER, MD, PhD 
Department of Anesthesia 
Northwestern University 
Medical School 
Chicago, Illinois 


It may be worthwhile to consider the 
meaning of the term “autoregulation,” as 
used in this paper. 'The authors describe it 
as "the ability of the brain to maintain an 
adequate flow consistent with its metabolic 
needs. . . ." Most physiologists would use 
a more restrictive definition which would 
relate flow, perfusion pressure, and vascular 
resistance. Metabolic considerations would 
be relegated to a possible mechanistic role. 


'The volume of flow (F) through an organ 
is pressure (P) dependent so long as the 
vascular resistance (R) in that organ is con- 


P 
stant: F = R` 


Under normal circumstances in the brain, 
however, the cerebrovascular resistance is 
not constant but is itself a function of per- 
fusion pressure. Normally, as perfusion pres- 
sure increases, the cerebrovascular resist- 
ance also rises so that, although flow may 
increase, the increase is less than it would 
have been had resistance remained constant. 
Flow, then, tends to remain relatively con- 
stant despite alterations of perfusion pres- 
sure, within set limits. This is what is meant 
by the term “autoregulation.” The reasons 
for these relationships of flow, pressure, and 
resistance are not yet clearly defined, but 
mechanisms based on both metabolic and 
myogenic factors have been postulated. Such 
considerations are beyond the scope of this 
discussion. 


The “pressure” which functions in the 
autoregulation of CBF is the effective per- 
fusion pressure, not the arterial pressure. 
The effective perfusion pressure in the brain 
differs from the arterial pressure by a value 
equal to the sum of the venous pressure 
plus the cerebrospinal fluid (CSF) pressure. 


Perfusion pressure = arterial pressure — 
( venous cerebrospinal 
pressure fluid pressure 


Note that I have not introduced the term 
“mean pressure" into the discussion at this 
point. The reason is that the role of pul- 
satile or nonpulsatile pressures has not yet 
been clearly defined in autoregulation of 
cerebral blood flow. Held and his cowork- 
ers! have shown that autoregulation is 
impaired by changing from pulsatile to 
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nónpulsatile perfusion pressure when a con- 
stant mean pressure is maintained, indicat- 
ing that the character of the pressure curve 
as well as the absolute level of mean pres- 
sure is probably important in cerebral auto- 
regulation. 


In view of the factors cited above, studies 
purporting to investigate autoregulation or 
autoregulatory mechanisms should include 
measurements of venous pressure and CSF 
pressure in addition to the determination of 
arterial pressure, so that a determination of 
the perfusion pressure can be made. Addi- 
tionally, some measure of the pulsatile char- 
acter of the pressure wave should also be 
made in order to assess alterations in its 
character, to determine if this factor has 
an effect on measured alterations in the 
autoregulatory mechanism. 


In applying these considerations to the 
study at hand, one would like to know 
whether measurements were made of venous 
pressure in the great veins draining the 
brain or of the CSF pressure. It would also 
be of interest to know if only the mean arte- 
rial pressure was recorded, as indicated in 
the figures, or whether the pulsatile char- 
acter of the pressure wave was also re- 
corded. These are important questions, since 
Ekstróm-Jodal's group? found that autoreg- 
ulation did not occur in response to a reduc- 
tion of perfusion pressure produced by alter- 
ation of venous pressure, but that it did 
occur when equivalent or greater reductions 
in perfusion pressure were produced by de- 
creasing the arterial pressure. 


Moreover, impairment of cerebral auto- 
regulation has been produced by alteration 
from pulsatile to nonpulsatile perfusion pres- 
sure while maintaining mean pressure con- 
stant.1 These factors must be fully consid- 
ered before the importance of the findings 
reported in this study can be adequately 
evaluated. If, in fact, these factors have 
been adequately controlled in this study, 
the results will have great clinical implica- 
tions to practicing anesthesiologists. 
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REPLY TO DR. BRUNNER'S 
COMMENTS 


ANTHONY IVANKOVICH, MD 


I thank Dr. Seldon for this opportunity 
to respond to Dr. Brunner's discussion, since 
time did not permit a reply after Dr. 
Miletich's oral presentation. 


One could agree with Dr. Brunner's com- 
ments on the definition of *autoregulation;" 
however, after lengthy discussion, the au- 
thors chose a definition in accordance with 
that of Guyton:! ““ТҺе term 'autoregulation' 
means regulation of blood flow through each 
local tissue in response to the tissue's own 
need for flow . . . to supply the tissue's needs 
for nutrients, no more, no less.” My own 
preference for a definition is similar: “Auto- 
regulation is the intrinsic tendency of an 
organ to maintain constant blood flow de- 
spite changes in arterial perfusion pressure." 


I agree with Dr. Brunner's equation for 
"effective perfusion pressure." 'lTheoretical- 
ly, it is the pressure gradient forcing blood 
through cerebral vessels, being essentially 
the difference between mean arterial and 
mean venous pressures. However, I do not 
concur with Dr. Brunner's interpretation of 
the importance of the venous and CSF pres- 
sures in modifying the effective cerebral per- 
fusion pressure. These pressures are com- 
paratively small (0 to 6 torr and 10 to 20 
torr, respectively); thus, for all practical 
purposes, perfusion pressure and MAP are 
essentially equivalent. 


In several of our initial experiments, we 
measured the venous and CSF pressures 
and found that they increased only slightly 
during anesthesia. Following angiotensin or 
sodium nitroprusside injections, these pres- 
sures showed only minimal changes, com- 
pared with considerable changes in arterial 
pressure. In our experiments, changes in 
venous and CSF pressures had a negligible 
effect on perfusion pressures. Therefore, and 
since chronic catheterization of the jugular 
vein could lead to thrombosis and obstruc- 
tion of cerebral venous outflow, we did not 
perform these measurements routinely. 


There is ample experimental evidence 
that CBF is independent of perfusion pres- 
sure over the physiologic range (60 to 160 
torr). Jacobson and coworkers? showed in 
dogs that when CVP was raised to 50 cm 
Н.О by constricting the superior vena cava, 
producing a reduction in effective perfusion 
pressures as low as 60 torr, there was no 
reduction in cerebral blood flow. In awake 
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man, Moyer and associates? demonstrated 
that when the jugular venous pressure was 
increased to 30 cm H,O by inflating a cuff 
around the neck, causing a reduction in cal- 
culated perfusion pressure to 50 torr, there 
was no significant change in CBF. 


The study by Ekstrém-Jodal’s group,‘ 
cited by Dr. Brunner, is at variance with the 
above findings, since they reported a reduc- 
tion in CBF when perfusion pressure was 
reduced by an increase in venous pressure 
(balloon in right atrium), but no change in 
CBF when perfusion pressure was reduced 
by arterial hypotension (bleeding). An im- 
portant distinction in methodology between 
these studies is that the latter was per- 
formed with the brain surface exposed and 
covered by a plastic dome, perhaps requir- 
ing deep pentobarbital anesthesia, while ex- 
tensive surgery may have resulted in cere- 
bral trauma. In order to further amplify 
and clarify the lack of effect of changes in 
venous and CSF pressures on cerebral auto- 
regulation, the reader is referred to two 
excellent monographs..6 


As to Dr. Brunner's observations on the 
term “mean arterial pressure," and its im- 
plications in his reading of the pulsatile- 
nonpulsatile experiments of Held and co- 
workers, MAP is widely used in the litera- 
ture in reference to such measurements as 
cardiac output, peripheral vascular resist- 
ance, arterial pressure, right atrial pressure, 
etc, and there is a nearly universal use of 
"mean" arterial or perfusion pressure in 
correlation with changes in cerebral blood 
flow.5 


The tracings in our figures show MAPs 
and mean flows derived by electronic inte- 
gration of the phasic pressures and flows. 
The phasic flows are also shown on all trac- 
ings. Absence of the phasic arterial pressure 
on the tracings may have been misleading. 
It should be clear from our experimental 
design that the experiments were performed 
in the milieu of a physiologic pulsatile per- 
fusion, as reflected by the phasic alterations 
in CBF shown in all the tracings. To further 
clarify this point a phasic arterial pressure 
tracing is shown here in the figure. 


A careful reading of Held's paper reveals 
that even in the case of nonpulsatile per- 
fusion, the ability to autoregulate is main- 
tained, but at a higher flow level than pulsa- 
tile flow. These investigators concluded that 
*. . . cerebral autoregulation responds to 
both qualities of pressure: its pulsations and 
its constant component." 
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FIGURE. The effect of angiotensin infusion on 
phasic cerebral blood flow (PCBF), mean cerebral 
blood flow (MCBF) and phasic arterial blood pres- 
sure in the unanesthetized goat. Angiotensin pro- 
duced an immediate increase in phasic arterial pres- 
sure, decreased the magnitude of phasic cerebral 
flow, but had no effect on mean cerebral flow. 





I hope that I have adequately answered 
the questions raised by Dr. Brunner. We 
feel that our experiments represent a care- 
fully controlled study which indicates that 
halothane and enflurane anesthesia do, in 
fact, impair cerebral autoregulation in the 
goat. Recently, Murphy, for Wollman and 
associates," indicated that autoregulation of 
CBF in man appeared to be lost during an- 
esthesia with halothane and enflurane. This 
supports our findings and further empha- 
sizes their clinical significance. 
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Catheterization of the umbilical artery 


for monitoring critically ill neonates is standard practice. The authors report 15 major 
complications in 165 neonates related to an umbilical artery catheter. Arterial occlusion 
produced visceral infarction in 12 patients and vascular perforation caused hemoperi- 
toneum in 3 patients. The duration of catheterization in these 15 neonates was 3 times 
that in the other 150 infants. The potential for visceral infarction increased as the 


catheter tip was placed more cephalad in the aorta. 


Roentgenographic confirmation 


of catheter tip location below the kidneys, avoidance of catheter manipulation and 


yemoval when no longer needed should redu 


ce the incidence of iatrogenic complications. 


(Marsh JL, King W, Barrett C ct al: Serious complications after wmbilical artevy 
catheterization for neonatal monitoring. Arch Surg 110:1203-1208, 1975) 
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Successful Use of a Reduced Dose of Protamine 
After Cardiopulmonary Bypass 


ANITA V. GUFFIN, MMS* 
RONALD W. DUNBAR, MD} 
JOEL A. KAPLAN, Мр 
JAMES W. BLAND, JR., MDS 


Atlanta, Georgia | 


The dose of protamine necessary to reverse 
heparin was examined in 60 patients. Half the 
patients (controls) received a reversal dose of 
protamine equal to the entire amount of hepa- 
rin given them, while half received a reversal 
dose based on a heparin half-life of 2 hours. 
Postoperative chest drainage for the first 12 
hours and for 48 hours was markedly reduced 
in patients given the reduced dose of protamine. 


Aso problem following cardiopulmo- 
nary bypass is reversal of the antico- 
agulant. Heparin is recognized as the most 
effective anticoagulant, and protamine sul- 
fate, originally recognized as an antico- 
agulant itself, is now generally used to re- 
verse the anticoagulant action of heparin.'-? 


Whether excess protamine actually con- 
tributes to postoperative bleeding is still 
controversial.*5 In general, dosage is 1 to 4 
mg of protamine sulfate per milligram of 
heparin administered during the procedure. 
Our study investigated the use of a reduced 
dose of protamine, to determine its effect 
on postoperative bleeding and clotting. 


*Anesthesia Assistant. 
{Professor of Anesthesiology. 
Assistant Professor of Anesthesiology. 


$Associate Professor of Anesthesiology and Pediatrics. 


Platelet counts were higher and postoperative 
clotting studies varied less from control in 
patients receiving the smaller dose of prota- 
mine. The authors suggest reevaluation of the 
dose of protamine necessary to reverse the 
anticoagulant effects of heparin in patients for 
cardiopulmonary bypass, since larger doses of 
protamine may contribute to the conditions 
which increase postoperative bleeding. 


METHODS 


Two groups of 30 patients undergoing 
coronary artery bypass procedures were 
studied (table 1). All patients were anesthe- 
tized with morphine sulfate (0.3 to 0.5 
mg/kg), diazepam (0.2 to 0.3 mg/kg), and 
М,О-О,, with either pancuronium bromide 
or d-tubocurarine for relaxation. All had two 
intravenous infusions. Central venous and 
direct arterial pressure, ECG, and esophag- 
eal and rectal temperatures were monitored, 
and arterial blood gases were measured 
throughout the procedure by a Radiometer 
Copenhagen Model BMS3 Blood Gas Ana- 
lyzer. Serum potassium was measured every 
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j TABLE 1 

Patients Studied 
Age Weight, kg 

Group Number Mean + SE Mean = SE 
A (controls) 30 46.1 + 2.6 69.6 + 2.5 
B (experimental 
group) 30 47.5 + 2.4 67.0 + 2.6 





No significant differences. 


30 minutes during the procedure and potas- 
sium chloride was administered to maintain 
a level of approximately 4.5 mEq/L. 


Beef lung heparin (3 mg/kg) was admin- 
istered initially, and 1.5 mg/kg was given 
at 2-hour intervals during bypass. Body tem- 
perature was reduced to 28 to 30? C for the 
greater portion of the bypass period. A 
Bentley-Temptrol oxygenator was used for 
all patients. The priming volume of the 
pump consisted of 1500 ml of Normosol*, 
500 ml of dextran, 22.5 gm of mannitol, and 
500 ml of whole blood. Following bypass, 
each patient received an average of 3 units 
of whole blood. In group A, 6 patients re- 
ceived 2 units of fresh-frozen plasma and 12 
patients received 5 units of platelets. In 
group B, 7 patients received 2 units of fresh- 
frozen plasma and 4 patients received 6 
units of platelets. All blood products were 
administered following collection of blood 
samples for coagulation studies. 


Following bypass, group А was given a 
reversal dose of protamine that was a milli- 
gram-for-milligram equivalent of the entire 
amount of heparin given during the proce- 
dure. Group B was given a reduced dose of 
protamine based on a heparin half-life of 
2 hours. Calculations were based on a 
straight-line decay that assumed 75 percent 
of the original heparin remained after 1 
hour and 50 percent remained after 2 hours. 
We administered heparin in half the original 
dose after 2 hours and assumed this would 
bring the patient again to full hepariniza- 
tion. 
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For example, a patient given 200 mg of 
heparin at 1000 hr would receive another 
100 mg for reheparinization at 1200 hr. At 
1300 hr, a patient in group B would receive 
150 mg of protamine to reverse the residual 
heparin. This assumes 75 percent of the 
original dose would require reversal. In con- 
trast, a patient in group А would receive 
300 mg of protamine. 


Protamine was administered over 10 to 
15 minutes, and clotting studies were drawn 
10 minutes after the patient had received 
the total dose of protamine. Chest drainage 
was measured for the first 12 hours post- 
operatively and for the total indwelling of 
the chest tubes (approximately 48 hours). 
Coagulation parameters studied were pro- 
thrombin time, partial thromboplastin time, 
and platelet count. All statistical compari- 
sons were made by Student's t-test. 


RESULTS 


The control group (A) received signifi- 
cantly more heparin than the experimental 
group (B), due to the slightly greater 
weight of the patients. Group B received less 
protamine than group A; this difference was 
highly significant (p« 0.005) (table 2). 


Group B patients showed significantly 
less variation of prothrombin time and par- 
tial thromboplastin time (table 3). These 
differences were both significant (p« 0.005). 
'The platelet count averaged 40,000 higher 


TABLE 2 
Heparin and Protamine Dosage 





Heparin, mg Prctamine, mg 











Initial Total 
Group Mean + SE Mean + SE Mean + SE 
A 213.7 +84.0 290.0--16.1 333.7 + 20.4 


B 202.2 + 77.1 229.2-- 11.4* 105.2 + 4.17 





*p — 0.01 by Student's t-test compared with group A. 


їр < 0.005 by Student's t-test compared with group 
A. 














TABLE 3 
Coagulation Parameters 
Group А Group B 

Mean + SE Mean + SE Significance* 
Prothrombin time (sec > control) 4.42 + 0.36 2.96 + 0.19 p < 0.005 
Partial thromboplastin time 
(sec > control) 6.15 + 1.23 0.57 + 0.75 p < 0.005 
Platelet count after bypass 85,013 + 6837 124,067 + 5779 p < 0.005 


*Student’s t-test comparing groups A and B. 
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TABLE 4 
Postoperative Chest-Tube Drainage 
Ist 12 hours 48 hours 
Group Mean = SE Mean = SE 
A 702 + 84.5 1136 + 135.4 
B 363 + 28.8* 623 + 40.5* 


*p <0.005 by Student’s t-test compared to group A. 


in group B (p<0.005), in which group the 
lowest platelet count postoperatively was 
79,000. Eight patients in group A had plate- 
let counts of less than 60,000, and 1 patient 
had a platelet count of 6400 after bypass. 
Platelet function was not studied. 


Postoperative chest drainage of blood was 
also significantly less in the experimental 
group with a reduced dose of protamine 
(table 4). 


Cardiopulmonary bypass time was about 
the same for both groups (table 5), but 
time after bypass was considerably shorter 
in group B (p« 0.005), probably because of 
less bleeding and oozing, permitting quicker 
closure of the chest. Total surgical time was 
also 1 hour less in group B (p« 0.005). 


DISCUSSION 
Various reports show protamine dosage 
for heparin reversal to range from попе? to 
4 times the amount of heparin given during 
the operation.?:.» Frequently, the reversal 
dose of protamine equals the total amount 
of heparin given.*.^ 


Heparin is repeated in doses equal to 
one-half of the original dose at time inter- 
vals of 1 to 2 hours, depending on the dose 
schedule used by different authors.*.5.9 This 
rationale is based on studies showing the 
half-life of heparin to be dependent on tem- 
perature and dosage, and to increase with 
larger doses.?/!? Therefore, unless heparin 
has just been administered, it is recognized 
that some of the heparin has been catabo- 
lized, bound, or excreted, leaving only a 
portion of the original amount to be reversed. 
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Though the half-life decay of heparin is 
uneven, we used a straight-line approxima- 
tion based on a half-life of 2 hours. The 
half-life of 1, 2, and 4 mg/kg injected IV is 
56, 96, and 152 minutes, respectively.1° Pre- 
vious studies have shown a half-life of 3 
mg/kg to be 1.75 hours at 37 C and 2.5 
hours at an average temperature of 22 to 
23 C.® Since all our patients were exposed 
to a period of decreased temperature of 28 
to 30 C during the procedure, the half-life 
of heparin (3 mg/kg) was estimated to be 
2 hours. 


The dose of 1 mg of protamine for each 
milligram of heparin administered to our 
controls was based on studies showing that 
protamine is not a significant anticoagulant 
in moderate overdosage, and that this dose 
was in a safe range.‘ In fact, Ellison's stud- 
les* suggest that overdosage of protamine 
might be given to ensure complete reversal 
of heparin without threat of the anticoagu- 
lant effects of protamine. However, this 
amount was 2 to 5 times greater than the 
calculated dose would have been using a 
heparin half-life of 2 hours. Other reports 
indicate only minimal protamine inhibition 
of clotting.':?.9.5 Comparing the dose of pro- 
tamine given to our controls with the dose 
that would have been administered accord- 
ing to the protocol for the experimental 
group, the excess protamine administered 
averaged 203 mg per patient. 


Though heparin rebound has been pointed 
out as a possible threat with small doses of 
protamine,!! our study seems to indicate 
that the rebound may be only a laboratory 
value, and that it does not significantly in- 
crease postoperative bleeding. This is shown 
by the 50% reduction in 12-hour chest drain- 
age and the 45%, reduction in 48-hour chest 
drainage for group B. 


Some evidence? indicates that protamine 
can cause platelet agglutination and dis- 
appearance of platelets; this may explain 
why platelet count was greater by approxi- 
mately 40,000 in the group with the reduced 











TABLE 5 
Surgical Times (Minutes) 
Group А Group B 
Interval Mean = SE Mean = SE Significance* 
Cardiopulmonary bypass 135.5 + 14.8 121.1 + 10.8 NS 
After bypass 134.6 + 7.1 96.5 + 4.2 p « 0.005 
Total surgical time 358.7 + 19.4 293.0 + 14.5 p « 0.005 


*Student's t-test comparing groups А and B. 
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protamine dosage. Thrombocytopenia some- 
times follows cardiopulmonary bypass; ad- 
ministration of excess protamine may aggra- 
vate this condition. However, no labora- 
tory verification of this has been docu- 
mented. 


In summary, we believe the dose of pro- 
tamine used to reverse heparin during car- 
diac surgery needs reassessment. Smaller 
doses led to decreased postoperative bleed- 
ing in our study, and there was no clini- 
cally apparent heparin rebound. We believe 
heparin activity and protamine reversal 
should be more closely monitored intra- 
operatively by frequent coagulation tests. 
Studies along this line are currently in 
progress. 
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THE INFLUENCE OF THE ROUTE OF ADMINISTRATION ON THE CLINICAL 
ACTION OF DIAZEPAM. In a “double-blind, double-dummy" study in 200 adult women, 
closely matched as to age, weight, and physical fitness, diazepam by mouth, buttock, 
and/or thigh (IM) was investigated for comparison of efficacy, side effects, and espe- 
cially pain of injection. The systemic analgesic effect of combining oral and IM diaze- 
pam was not notably greater than that of the single oral dose. As the injection of 
diazepam was followed by an unacceptably high incidence of pain, the oral administra- 
tion of this drug should be the route of choice. (Assaf, Dundee, Gamble. Anaesthesia 


80 :152-158, 1975.) 
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To the Editor: 


I feel compelled to comment on the recent article by Howland 
апа associates, "Fibrinogen and albumin deficiencies associated 
with packed red blood cell transfusions, (Anesth & Analg 54:89-93, 
1975) which contains errors and misconceptions that must not go un- 
challenged. The authors describe a liver-transplant patient who 
received 35 units of packed red blood cells resuspended in normal 
saline solution during the course of a 14-hour operation. They 
state that "packed cells were selected in preference to whole 
blood in an effort to avoid white-cell interference with immuno- 
logic mechanisms." If by this somewhat ambiguous statement they 
mean to imply that the white blood cell content of packed red 
blood cells, as the term is commonly used, differs in any way from 
that of whole blood, they are mistaken. О? blood products common- 
ly available, only frozen red blood cells or leukocyte-poor (buffy- 
poor) red blood cells have most of the white blood cells removed. 
Although not stated in the article, I assume that the reason the 
&uthors chose not to administer platelet concentrates to their 
patient (a product clearly indicated in large quantities for any 
patient receiving 35 units of blood during a 14-hour surgical 
procedure) was their reluctance to expose their patient to the 
transplant antigens which platelets are known to carry as well as 
to the white blood cells inevitably present in platelet concen- 
trates. 


Although lamenting the absence of fibrinogen in purified pro- 
tein fraction, they fail to mention the use of single-donor plasma 
as a suitable product for volume expansion. Single-donor plasma 
contains normal levels of fibrinogen as well as all other plasma 
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pfoteins. Their reluctance to administer single-donor plasma may 
be related to the minimal hepatitis risk of the product, a risk 
not present with albumin or purified protein fraction. Their pat- 
ient had a substantial intraoperative exposure to blood, and jud- 
icious use of single-donor plasma, in my opinion, would have been 
warranted, particularly when the hepatitis risk is weighed against 
the clinical consequences of the greatly depressed fibrinogen 
level their patient displayed postoperatively. 


I can find no fault with the authors' conclusion that if you 
remove the plasma from а unit of whole blood and replace it with 
normal saline, the total protein and fibrinogen in the unit will 
decline. 


Bruce A. Friedman, MD 
Associate Director, Blood Bank 
University Hospital 
University of Michigan 

Ann Arbor, Michigan 


To the Editor: 


In reply to Dr. Friedman's letter concerning the article "Fib- 
rinogen and albumin deficiencies associated with packed red blood 
cell transfusions," we inadvertently omitted to say that the pack- 
ed cells in the case under discussion were white-cell poor. 


Apropos of the necessity for administering platelets during 
massive blood replacement, we differ from Dr. Friedman. Although 
bank blood is deficient in platelets and the platelet count does 
fall in these patients, we have been able to control bleeding very 
effectively without the use of platelets. Platelets are employ- 
ed only in those cases in which the thromboelastograph indicates 
poor platelet function. The latter cases аге very few. 


William S. Howland, MD 
Department of Anesthesia 
Memorial-S1oan-Kettering Cancer 
Center 

New York, New York 
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To the Editor: Ы 


I wish to comment on the excellent paper, "Plasma Concentrat- 
ion of Lidocaine after Endotracheal Spray," by Chu and associates 
(Anesth & Analg 5h:h38-lli, 1975). 


In 1972, at the Fifth World Congress of Anaesthesiologists, 
wel reported on a similar investigation measuring the uptake of 
lidocaine from the trachea. A summary of the work follows: 


Thirty patients admitted for minor nose and throat surgery 
were premedicated similarly with hydroxyzine, 50 mg; pentobarbi- 
tal, 1.5 mg/kg; and atropine, 0.4 to 0.8 mg IM, 1 hour before 
operation. Anesthesia was induced with thiopental, 5 mg/kg, and 
tracheal intubation facilitated with succinylcholine, 1.5 mg/kg. 
Lidocaine in concentrations of 2 or 4% was instilled via a 
Steiner cannula into the trachea at a dose of 2 mg/kg prior to 
intubation. Anesthesia was maintained throughout the procedure 
with N20-02 (50-50) and 1 to 2% halothane. During this project, 
no toxic effects of lidocaine were recorded. 


Venous blood samples were collected at D, 5, 10, 920, 30, 
60, 90, and 120 minutes. The blood samples were centrifuged and 
the serum extracted for lidocaine апа its metabolites by the 
method of Edhorn.@ 


Analyses were with a series-10) gas-liquid chromatograph 
(WG Pye), equipped with dual flame ionization detector and a 
Philips PM 8000 recorder. The injection part and detector were 
maintained at 280 C and the oven at 170 C for the first 5 min- 
utes after injection and then programmed at 12 C/min to 2h0 C. 
A Pyrex-glass coiled column, 1.5 m long with 0.635 em OD, packed 
with Chromsorb R), was used for analyses. Gas flow rates were 
Ho, 50 ml/min; air, 600 ml/min; and No, 40 ml/min. 


A significant and continual rise of lidocaine and its met- 
abolites in plasma resulted throughout the first 30 to 60 minutes, 
followed by a gradual decline in plasma levels thereafter. Similar 
results were obtained with 2 and 4% lidocaine. 


The plasma level of lidocaine rarely exceeded 1 pg/ml. 
Glycine xylidide was by far the major metabolite seen in the 
plasma, with blood levels frequently exceeding 8 pg/ml. Mono- 
ethyl glycine xylidide plasma levels were below those of lido- 
caine and only occasionally was the parahydroxy metabolite 
observed at the lower limits of detection (0.2 pg/ml). The peak 
blood levels of lidocaine in the 30 patients ranged from a low 
of 0.1 pg/ml to a high of 2.0 pg/ml. 


It appears that the work of Chu's group confirms our find- 
ing that the uptake of lidocaine from the upper trachea under the 
conditions described is slower than when given IV. 
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In 1965, Telivuo? also found a slow absorption of lidocaine 
from the respiratory tract with spontaneous ventilation. 


R. Brian Smith, MD 
Department of Anesthesiology 
University Health Center of 
Pittsburgh 
Pittsburgh, Pennsylvania 
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To the Editor: 


Thank you for sending me a copy of Dr. Smith's letter. Dr. 
Smith and I both agree that the rate of absorption of local anes- 
thetic administered through endotracheal spray in supine anesthe- 
tized portents shows significant delay as compared with the IV 
route.l»:2 The differences between the lidocaine blood concentra- 
tion in Dr. Smith's group of patients and ours may be due to 
| dosage (2 mg/kg versus mean 3.3 mg/kg body weight), апа the cann- 
A ша used (Steiner versus LTA). 


The metabolic pathway of lidocaine was well illustrated by 
DiFazio and Brown. The major metabolite of lidocaine was found 
to be monoethylglycinexylidide (МЕСХ),3›2 20 to 76% of the lido- 
саїпе level. The level of glycinexylide (GX) was lower, 12 to 
16% of the lidocaine concentration. Both MEGX and GX are phar- 
macologically, active and may contribute to the CNS stimulation 
by lidocaine. ї›0 Оп a weight basis, MEGX has 88% and GX 54% 
the antiarrhythmic potency of lidocaine, and GX was 27% as pot- 
ent as MEGX. In man, 41 to 58% of the administered GX was ex- 
creted unchanged by kidneys, 4.3 to 4.8% underwent metabolic 
transformation and appeared in urine as conjugates of xylidine 
and p-OH xylidine, and the fate of the rest was unknown. 


x The results obtained by Dr. Smith's group showed that GX was 
^ by far the major metabolite and its plasma concentration often 
* exceeded that of lidocaine. This is an interesting finding. 
More studies are needed to understand the difference in the 
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pharmacokinetics between IV and endotracheal routes of lidocaine 
administration. 


I appreciate very much Dr. Smith's comments. 


Stephen S. Chu, MD 

Department of Anesthesiology 
Medical College of Virginia 
Virginia Commonwealth University 
Richmond, Virginia 
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To the Editor: 


In the May-June 1975 issue, Forestner and Raj? report on the 
inadvertent injection of a 2% solution of thiopental into the epid- 
ural space. They were successful in handling the problem and the 
patient was not harmed. My comment concerns a statement made in 
the discussion of the problem. The authors say, "The lower pH 
(4.1) of the local anesthetic mixture would also retard thiopental 
absorption." I would like to ask the authors about the mechanism 
of this pH effect. 


Offhand, I would have assumed it would work the other way 
around. Since thiopental is a weak acid with a pK of 7.6, any 
acidification of the thiopental solution should increase the union- 
ized fraction of the thiopental while decreasing the ionized 
fraction. This would mean that, with falling pH, the amount of 
unionized, ie, absorbable and diffusible, thiopental would in- 
crease as pH falls. This mechanism should, if my assumptions are 
correct, be particularly useful if the pH could be lowered in the 
compartment that contains the thiopental but not in the compart- 
ment which is to receive the thiopental. 


A 
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* I am also assuming that pH would not actually fall to 4.1 
but would change in a range in which a shift from ionized to 
& unionized would still be of clinical significance. 


J. S. Gravenstein, MD 
Department of Anesthesiology 
University Hospitals 
Cleveland, Ohio 
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To the Editor: 


In considering Dr. Gravenstein's question, we have found it 
necessary to distinguish between blood solubility and membrane 
diffusibility of thiopental. At physiologic pH in blood, thio- 
pental solubility is limited to 1.2 mg/ml. To increase solubility, 
the pH is raised to 10.6 with sodium carbonate, to permit concen- 
trations of 20 mg/ml and higher. Decreasing the pH of thiopental 
solutions after injection into the bloodstream can be shown to 
favor precipitation, and crystals can be filtered from blood col- 
lected proximally.l Thus, we sought to hinder absorption of the 
thiobarbiturate by lowering its pH with local anesthetic solution, 
causing precipitation of acid thiopental. In vitro, an equal 
mixture of 2% thiopental and bupivacaine-lidocaine, as described 
in our case report, would achieve a pH of 8.8, with visible pre- 
cipitation of thiobarbiturate. 


Dr. Gravenstein suggests that the diffusion of thiopental 
across membranes would be facilitated by acidification, rather 
than impeded. We would have to agree that absorption of thiopental 
would be better at lower pH, with progressive increases in the 
unionized fraction. It was our thought that less thiopental 
would be available for absorption after precipitation of the drug. 
Perhaps a better choice of wording would have been "to promote 
thiopental precipitation." Whether this precipitation would 
significantly retard the rise of serum thiopental concentrations, 
given the increased absorption to be expected, would remain to be 
determined. We appreciate Dr. Gravenstein's correction. 


John E. Forestner, MD 

P.P. Raj, MD 

Department of Anesthesiology 

University of Texas 

Southwestern Medical School 
х Dallas, Texas 
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To the Editor: i 


In your issue for May-June 1975, there was yet another article 
on awake intubation,+ the authors inflicting this trauma on no 
less than 37% of their patients, noting en passant that anesthe- 
tists pay only lip service to this technic. 


As one who does less than pay lip service to this technic, I 
would like through your columns to explain why. As a resident, I 
spent considerable time reading, from the experts, the pros and 
cons of the head-up, the head-down, and the flat positions, with 
or without cricoid pressure, with or without topical analgesia, 
etc. The recommendations are often dogmatic and often conflicting. 


In the interests of simplicity, I opted for the Trendelenburg 
position, and since that decision, in 8 years of anesthesia prac- 
tice, I have never had an aspiration, despite numerous inductions-- 
both intravenous and Saseous--of patients with full stomachs, 
intestinal obstruction, and so on. With the patient induced in 
Trendelenburg, I have on many occasions seen copious amounts of 
fluid run harmlessly onto the floor and simultaneously inserted an 
endotracheal tube into a trachea as dry as a bone. The procedure 
is simple and requires no special equipment and is always avail- 
able. The alternatives, as described numerous times previously, 
are meddlesome and traumatic both emotionally and physically for 
the patient, and do not provide a better standard of care. 


Kenneth W. Green, MD 
Department of Anesthesia 
Thayer Hospital 
Waterville, Maine 
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To the Editor: 


I have been following closely the "debate" on intermittent 
mandatory ventilation that has appeared in your Journal. There 
apparently is & side to this issue which could use some emphasis 
at this time. Successful weaning from mechanical ventilation 
requires careful monitoring for ultimate patient safety, with 
multiple T-tube trials. In a small community hospital such as I 
practice in, this may severely stress the available resources. 
IMV facilitates safe patient management in а number of ways: 


Correspondence 121 
T X Handling of the intubated airway is reduced, since 

weaning time is advanced by changing the machine settings and 

not by switching from machine to T-tube. This also means that if 

& patient tires at one setting, the machine setting can be &ltered 

simply and the patient safely returned to a different ventilatory 

level without risking &ccidental disconnection or contamination of 

the airway or trauma produced by manipulation of the tube. 


2. Since spontaneous ventilation may persist, the patient is 
allowed to control his own Paco2 to some extent, thus avoiding 
easy passive hyperventilation to profound levels of alkalosis 
with associated CSF acid-base changes that may retard or compli- 
cate eventual independence from the ventilator. This is most 
important in patients with chronic lung disease. 


3. Other problems such as "ventilatory-discoordination," 
accidental disconnection, and extreme requirements for sedation 
and/or paralysis are managed more effectively with IMV. Patients 
appear to be far more consistently in coordination with the ma- 
chine at all settings than with other patterns of mechanical ven- 
tilation. 


Most of our patients are elderly, with siginificant chronic 
lung disease. The almost universal use of IMV has made mechanical 
ventilation more efficient, easier to manage, safer, and has mark- 
edly increased ICU-personnel morale. 


Kenneth M. Janis, MD 
Saddleback Community Hospital 
Laguna Hills, California 


ANTIEMETIC EFFECT OF THC Oral delta-9-tetrahydrocannabinol (THC) was com- 
pared with a placebo as an antiemetic for nausea and vomiting following cancer chemo- 
therapeutic drugs. Oral THC (10 mg/m?) was an effective antiemetic in 14 of 20 
courses while the placebo was ineffective in all instances. The lack of THC effect in 
some patients may be related to failure of gastrointestinal absorption. No patient 
vomited while experiencing a “high” from THC. Although somnolence often occurred 
with this THC dose, a significant curtailment of activities was infrequent. Toxicity 
(fear, panic, hallucinations) occurred in only two patients, both after three THC doses 
of 20 mg. (Sallan SE, Zinberg NE, Frei E: Antiemetic effect of delta-9-tetrahydro- 
cannabinol in patients receiving cancer chemotherapy. NEJM 293:795-797, 1975) 
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Effect of Mechanical Ventilation with End-Inspiratory 
Pause on Blood-Gas Exchange 


SAMIR F. FULEIHAN, MD* 
ROGER S. WILSON, MD1 
HENNING PONTOPPIDAN, MD 


Boston, Massachusetts § 


The effects of end-inspiratory pause (EIP) on 
gas exchange were measured in 10 adult pa- 
tients with acute respiratory insufficiency 
while maintained on mechanical ventilation. 
Four inspiratory patterns were studied with a 
constant tidal volume (10 to 15 ml/kg body 
weight), respiratory rate (9 to 12 breaths/ 
min), Ето» (0.5) and end-expiratory pressure. 
Inspiratory flow rate (Ў...) and EIP time 
were varied to produce a control pattern 
(Vinsp = 60 L/min, EIP = 0), 2 EIP patterns 
of 0.6 and 1.2 seconds with a similar Ý., and 
a "slow" flow pattern (Vs) = 30 L/min) 


о» and pressure patterns produced by 

various ventilators differ widely and 
have varying effects on the efficiency of gas 
exchange. End-inspiratory pause (EIP) is 
a ventilatory pattern characterized by a 
period of no-flow occurring at the end of 
inspiration. The inspired tidal volume is re- 
tained in the lungs for a finite period of 
time, resulting in a prolongation of "jnspira- 
tion" without airway gas flow.! 


Previous studies using lung models have 
shown that uneven distribution of ventila- 


*Instructor in Anesthesia. 
TAssistant Professor of Anesthesia. 


Professor of Anesthesia. 


without EIP. The control pattern was applied 
before and after each study period. 

Arterial oxygenation was unchanged with both 
EIP and "slow" flow patterns when compared 
to control. Dead-space ventilation (V»/V4) and 
Paco» were significantly decreased (р<0.01) as 
EIP was increased from 0 to 1.2 seconds, but 
remained unchanged with slow inspiratory 
flow. Thus, EIP improved the efficiency of ven- 
tilation with no apparent improvement in 
oxygenation in patients with acute respiratory 
insufficiency. 


tion resulting from regional differences in 
airway resistances may be improved by the 
addition of a no-flow interval at the end of 
inspiration.* In addition, studies in anes- 
thetized animals have demonstrated an im- 
proved alveolar ventilation (V,) and ven- 
tilation to perfusion ratio (V,/Q) when 
EIP is included in the pattern of ventila- 
tion.^*5 The purpose of this study was to 
determine whether addition of EIP to a 
ventilatory pattern has any beneficial effect 
on blood-gas exchange in patients with acute 
respiratory insufficiency (ARI). 


SRespiratory Intensive Care Unit and Anesthesia Laboratories of the Harvard Medical School at the 
Massachusetts General Hospital, Boston, Massachusetts 02114. 
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METHODS 
Ten adult patients with ARI of varying 
etiology were studied at a time of stable 
respiratory and cardiovascular function. 
Salient anthropometric and medical details 
are summarized in tables 1 and 2. 


All patients were studied in the semisit- 
ting position. Each had a cuffed endotra- 
cheal or tracheostomy tube with an airtight 
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fit. Patients were ventilated mechanically 
and were well in phase with the ventilator 
cycling. One hour prior to the study, they 
were switched from the ventilator used 
clinically to a volume-preset, constant-flow 
generator* which incorporated a variable 
inspiratory hold time (0.2 to 2 sec.). 





*Gill I, Chemetron Medical Products, St. Louis, 
Missouri. 


TABLE 1 
Patients Studied—Clinical Data 


Patient Sex Age Diagnosis 


Chest x-ray 





1 M 45 Multiple fractures (ribs, hip, pelvis) LLL atelectasis 
2 F 87 Multiple rib fractures; S/P respiratory arrest Clear 
3 F 66 Guillain-Barré LLL infiltrate 
4 M 64 COPD, kyphoscoliosis, S/P transthoracic Left pleural effusion 
wiring of aortic aneurysm 
5 M 54 Systemic lupus erythematosus with Clear 
“Guillain-Barré” 
6 F 73 Multiple fractures (pelvis, femur), Diffuse pulmonary edema, 
renal failure left pleural effusion 
F 59 Guillain-Barré with tracheo-esophageal fistula Resolving LLL atelectasis 
F 65 Peritonitis, flail chest, hepatic and renal Diffuse interstitial pulmonary 
failure congestion 
9 M 64 Intracerebral hematomas (evacuated), old Diffuse pulmonary edema 
myocardial infarction, congestive heart 
failure 
10 F 79 Respiratory arrest following abdominal LLL pneumonia, left pleural 


effusion 


surgery 


LLL = left lower lobe. 
S/P = status post. 
COPD = chronic obstructive pulmonary disease. 





TABLE 2 
Patients Studied—Respiratory Status 
Patient Fios cm SO AabO;! -0 Wee FRC, ml % je versie 
1 0.40 0 352 45 946 25 
2 0.30 0 185 38 1530 70 
3 0.40 +5 390 59 2300 19 
4 0.40 0 305 ТТ — — 
5 0.25 0 187 37 2680 90 
6 0.50 +12 339 37 1150 39 
" 0.35 0 234 43 — — 
8 0.30 +6 306 29 — — 
9 0.50 +4 288 19 — — 
10 0.45 0 372 38 — -— 


шо о . _  _ e t t — 


*Plateau compliance: described in text. 
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Four ventilatory patterns were studied 
while all the following were maintained con- 
stant: tidal volume (Ут = 10 to 25 ml/kg 
body weight), respiratory rate (9 to 12 
breaths/min), inspired O, concentration 
(Fios = 0.5) and end-expiratory pressure 
(EEP). In 4 patients (#3, 6, 8, 9), where 
positive end-expiratory pressure (PEEP) 
was used in clinical management, it was 
maintained at the same level during the 
study. Inspiratory flow rate (Vinsp) and EIP 
time were varied to produce a control pat- 
tern (Vins) = 60 L/min, EIP = 0), 2 EIP 
patterns of 0.6 and 1.2 seconds (EIP, and 
EIP; ,) with a similar Vinsp and a “slow” 
flow pattern (Vii; = 30 L/min) without 
EIP (table 3). 'The control pattern was 
interspaced before and after each siudy pe- 
riod. Each pattern was maintained for a 
period of 45 to 60 minutes, during which the 
following hemodynamic and ventilatory 
measurements were made: 


Vital Signs —Heart rate and rhythm were 
recorded continuously; blood pressure and 
central venous pressure (CVP) were deter- 
mined at 5-minute intervals, and urine out- 
put was measured hourly. 









AaDO,0.5: alveolar-arterial oxygen difference 

measured at Fro, = 0.5. 

ARI: acute respiratory insufficiency. 

Cr: total compliance. 

CVP: central venous pressure. 

EEP: end-expiratory pressure. 

EIP: end-inspiratory pause. 

EIPP: end-inspiratory plateau pressure. 

ЕЕСО,: mixed expired CO, concentration. 

F10,: inspired O, concentration. 

FRC: functional residual capacity. 

I/E: inspiratory:expiratory ratio. 

IP: Inspiratory pressure. 

MAP: mean airway pressure. 

Py: atmospheric pressure. 

РЕСО„: mixed expired CO, tension. 

PEEP: positive end-expiratory pressure. 

Рн,0Т: water vapor pressure at body tem- 

perature (T). 

PIP: peak inspiratory pressure. 

Qs/Qr: intrapulmonary right-to-left shunt 
(expressed as percentage of cardiac output). 

RR: respiratory rate. 

Va: alveolar ventilation. 

V4/Q: ventilation:perfusion ratio. 

Ўсо,: carbon dioxide production. 

Vcomp? Compressible volume. 

Vpapp: dead-space volume of mechanieal ap- 

paratus. 

Vpm: measured dead-space volume. 

Vpphys: physiologic dead-space volume. 

Vp/Vr: dead-space:tidal-volume ratio. 
insp: inspiratory flow rate. 

Vr: tidal volume. 
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TABLE 3 
Specific Ventilatory Patterns Evaluated 

Ventilatory pattern Vias L/min EIP, sec 
Control 60 0 
EIP... 60 0.6 
EIP, a 60 1.2 
* Slow" flow 30 0 
se 


Airway Flow and Pressure; Tidal Volume. 
—Airway gas flow was measured with a 
Fleisch pneumotachograph placed between 
the ventilator tubing and the endotracheal 
or tracheostomy tube. The flow signal was 
integrated electronically (Hewlett-Packard 
Respiratory Preamplifier- Model 350-5000) 
to measure inspired and expired gas vol- 
ume. Airway pressure was measured with 
an appropriate pressure transducer (Hew- 
lett-Packard 270 with 350-1100 Carrier Pre- 
amplifier) placed immediately proximal to 
the endotracheal tube. Airway pressure, 
flow, and volume were recorded simultane- 
ously on a multichannel recorder. * 


Characteristic flow and pressure config- 
urations for each pattern are shown in figure 
l. As EIP was instituted, peak inspiratory 
pressure (PIP) fell to a plateau level, re- 
ferred to as the plateau pressure or end- 
inspiratory plateau pressure (EIPP). In- 
Spiratory to expiratory (I/E) time ratio 
was determined from the chart record of the 
inspiratory-expiratory flow rates. The zero 
flow period (EIP) was considered to be part 
of the inspiratory time in the calculation of 
the I/E ratio. 


Compliance.—Total compliance ( C4) was 
calculated at end of inspiration in the con- 
trol and “slow” flow patterns and at end of 
the zero flow period in both EIP patterns. 
Due to the different inspiratory flow rates 
and the addition of EIP to certain patterns, 
IP varied; thus, the compliance values ob- 
tained were differentiated into dynamic, ef- 
fective, and plateau compliances (see Ap- 
pendix). 


Arterial Blood Gases.—At the end of each 
study period, arterial Po», Рсо,, and pH 
values were determined with appropriate 
electrodes. The alveolar-arterial O. tension 
difference on 50% O, (AaDO,?°-5) was cal- 
culated using the alveolar air equation? (see 
Appendix). 





*Sanborn System, #964-1100. 
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Dead-Space Ventilation.—The physiologic 
dead-space to tidal-volume ratio (Vp/V4) 
was determined by the Enghoff modification 
of the Bohr equation. Appropriate correc- 
tions for compressible volume (V,,,,) and 
apparatus dead space (V,app) were includ- 
ed and are shown in the appendix. Carbon 
dioxide production (Vco.) was determined 
during each study period. 


Cardiac Output was measured in dupli- 
cate by the dye-dilution technic during the 
final minutes of the 2nd control period and 
during the EIP; „ pattern. 


Functional Residual Capacity (FRC) 
was measured in 5 patients using the stand- 
ard helium dilution technic. 


Statistical analysis of each study pattern 
and preceding control was carried out using 
Student's t-test paired data, to determine 
significant differences in AaDO;?^, V/V. 
Paco», FEco.,, Vco.,, and cardiac output. 
Values were considered significant at the 
p« 0.05 level. 


RESULTS 

Mean values for Ааро.°, Paco», Vp/ Vr 
FEcO,, and Vco, during each ventilation 
period are shown in table 4. Results during 
the 4 control periods were quite similar, 
such that the initial control condition was 
always reestablished following each study 
pattern. The effect of each pattern on gas 
exchange was evaluated by comparing it 
with the preceding control. No appreciable 
changes were observed in heart rate, blood 
pressure, CVP, or urine output. Oxygena- 
tion (АароО,%5) remained unchanged with 
EIP and with “slow” flow patterns when 
compared with control values. Efficiency of 
ventilation improved with institution of EIP 
(fig 2). With ЕІР,, ; mean V;,/V decreased 
by 9.6% and mean Paco, by 5.1%. EIP, » 
produced a further decrease in mean V/V, 
(19.695) and in mean Paco» (9.7%). The 
*slow" flow pattern failed to improve the 
distribution of ventilation, as evidenced by 
lack of changes in either Vp/Vr ог Pacos. 
Carbon dioxide production and FEco, (cor- 
rected for compressible volume) were not 
significantly changed during each of the dif- 
ferent study patterns when compared with 
the preceding control. Mean cardiac output 
decreased by 10% with EIP,. (range 
—23% to +2.3%). 


Mean airway pressure (MAP) increased 
with the institution of EIP and with the 
“slow” flow pattern, due to prolongation of 
the inspiratory period (table 5); MAP was 


TABLE 4 
Effect of Ventilatory Pattern on Oxygenation (AaDO;?^), Ventilation (Vp/Vr, Расоз, FEco2, Vco3) 


Ciy 


"'Slow'' flow 


Cin 


+ SD) 


and Cardiac Output (Mean Values 
EIPo 6 І EIP1 2 


€i 





177 + 45 175 + 41 


174 + 48 


163 + 45 
41+8 
0.51 + 0.06 


172 6 71 
87 + 6* 
0.47 + 0.04 
2.55 + 0.65 


166 + 54 
89-7 
0.52 + 0.08 


Ааро..5 
Paco; 


422-6 
0.52 + 0.06 


+H 


t- 


2.6 2- 0.06 


0.51 + 0.08 
249 + 58 


0.53 + 0.07 
2.45 + 0.8 
230 + 45 


2.55 + 0.65 
239 + 50 


2.8 + 0.75 


0.41 + 0.05} 
25 


0.55 


+ 


e 


6 
244 + 56 


5.92 + 2.55 


2.5 2: 0.7 
233 + 44 


Vv/Vo 
FECO2 


Vcos, ml/min 


57 


H 


t- 


242 + 58 


5.35 + 2.81 


Cardiac output, L/min 


control. 


C= 
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N.B. When mean value during study pattern was compared to mean value during preceding 


control pattern. 


| 


*p« 0.01. 


їр<0.001. 


T 


tp« 0.02. 
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TABLE 5 ш 


Changes іп Vp/Vr, MAP, I/E, and Compliance Measurements with 
Different Ventilatory Patterns (Mean + SD) 
A аНЫ НЕ НАА ААЬАН НИНИН 











Control (mean) * ЕР 6 EIP] 2 "Slow'' flow 

V»/V« 0.51 + 0.06 0.47 + 0.04 0.41 + 0.05 0.53 + 0.07 
MAP, ст Н.О 8.2 +81 9.9 + 4.6 13 + 5.8 11.1 3-4:2 
I/E 0.3 + 0.05 0.5 + 0.07 0.8 + 0.15 0.83 + 0.09 

(1/3.3) (1/2) (1/1.25) (1/1.2) 
Compliance, ml/em Н.О (dynamic) (plateau) (plateau) (effective) 

29 + 10 46 2- 18 48 +17 36 + 13 
*Represents mean values of the 4 contral periods. 
highest with EIP, , and decreased in mag- FLOW I/E PRESSURE | 
nitude in the following order: EIP, > е р =: | 
"slow" flow > ЕТР ; >, control. Inspira- | 
tory:expiratory ratio was highest with both cowrro.| —|L— |— | ws 
"slow" flow and EIP; „ patterns cable 5). JE 
The similarity of the mean values for I/E EIPo 6 Л Л T 
in the latter 2 patterns is purely coinciden- A fi | 
tal. Analysis of all individual samples EE fü. n | 
showed no correlation between either V/V. а "EN eee | 
and МАР or Уу/У and I/E. When “slow” ero | 
flow samples were excluded, restricting the FLOW eret ME ar Lu 1А | 
analysis to the control and the EIP pat- MT 


terns, a negative correlation (r = —0.51, 
p«0.05) was found between Vj,/V4 and 
I/E. This implies that as I/E is prolonged 
with the addition of EIP (but not with 
"slow" flow) Vp/Vr decreases (fig 3). 


DISCUSSION 

The major findings of this study were: 
(1) Vp/Vr and Paco» were decreased in 
proportion to the duration of EIP; (2) EIP 
did not alter the efficiency of arterial oxy- 
genation despite an improvement in alveo- 
lar ventilation; (3) “slow” inspiratory flow 
failed to change either dead-space ventila- 
tion or efficiency of oxygenation. 


EIP and Hemodynamics.—The addition 
of EIP to ventilatory patterns prolengs I/E, 
sustains inspiratory pressure, and results in 
a higher MAP (fig 1 and table 5). An in- 
crease in mean intrathoracic pressure has 
been shown to impede venous return, which 
in the absence of compensatory mechanisms 
would be expected to produce a decrease in 
cardiac output.’ Furthermore, sustained 
lung distention with increased alveolar pres- 
sure and subsequently higher transpulmo- 
nary pressure would elevate pulmonary vas- 
cular resistance, which in turn may contrib- 
ute to the fall in cardiac output.?.!^ Studies 
in anesthetized dogs with normal lungs 








Fic 1. Airway flow, inspiratory-expiratory (I/E) 
time ratio, and airway pressure during ventilatory 
patterns. 


demonstrated a decrease in cardiac output 
and stroke volume with the addition of 
EIP.*? Our results are in agreement with 
the preceding data. Nevertheless, despite 
the small decrease in cardiac output with 
EIP; », there were no demonstrable effects 
on recorded vital signs, including blood 
pressure, heart rate, and urine output. 


EIP and Oxygenation.—Previous studies 
with healthy dogs under general anesthesia 
have shown that the addition of EIP to 
mechanical ventilation increased room air 
Pao, and decreased calculated pulmonary 
shunt. In dogs!! with oleic acid-induced 
pulmonary edema, the addition of EIP to 
the ventilatory pattern had no beneficial ef- 
fect on AaDO,!-°. However, Рао, was sig- 
nificantly improved when PEEP instead of 
EIP was applied at a similar level of MAP. 


In view of the previously suggested im- 
provement in both alveolar ventilation and 
V,/Q by EIP, Cheney?! postulated that the 
expected increase in oxygenation may have 
been masked in the experiment cited above 
because the dogs were being ventilated with 


ы. 
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10095 O». Patients in our study were ven- 
tilated with 50% O., and despite improved 
alveolar ventilation with EIP, there was no 
significant effect on oxygenation. The latter 
may be partially accounted for by the de- 
crease in cardiac output, but even in pa- 
tients whose cardiac output did not de- 
crease, no improvement in oxygenation was 
noted. Cardiac output and V, are not the 
sole determinants of Pao», which may be 
affected by the presence of pulmonary 
shunts and by whatever effect EIP might 
have upon the redistribution of cardiac out- 
put through the pulmonary vasculature. The 
latter phenomenon would probably affect 
V,/Q, and this would require further docu- 
mentation. We do not postulate that in a 
certain region of the lung where V, im- 
proved following the addition of EIP, an 
expected regional improvement in O, con- 
tent would occur even though this may not 
be reflected in the peripheral Pao». 


EIP and Efficiency of Ventilation.—The 
nonhomogeneous properties of the diseased 
lung, for example, regional differences in 
compliance and airway resistance, result in 
uneven distribution of ventilation and 
thus interfere with gas exchange.'* The 
Engstróm respirator has been designed to 
compensate for changes in lung mechanics, 
ensuring thus a most nearly equal intrapul- 
monary gas distribution even in the presence 
of unequal resistance factors.? Such an 
equilibration takes place during the static 
phase, when the respirator gas flow is essen- 
tially zero. At this stage, the excess volume 
which filled the lung was found to corre- 
spond to the available compressible volume 
from the respirator.? 


In a dog model with mechanically induced 
unilateral bronchial obstruction, the static 
phase pattern of the Engstróm ventilator 
allowed for redistribution of inspired volume 
from nonobstructed to obstructed lung com- 
partments.!* Recent studies on lung models 
with regional differences in airway resist- 
ance revealed that EIP resulted in optimal 
distribution of ventilation regardless of flow 
rates of patterns utilized.?:* In а homogene- 
ous lung model, alveolar dead space de- 
creased as EIP was increased,» and in 
anesthetized dogs, the improvement in V, 
with the institution of EIP was found to be 
directly proportional to the duration of 
added EIP.» 


No such data have yet been collected in 
patients with acute respiratory disease. Our 
study reveals that in the latter group as 
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well, EIP shows the same trend as was seen 
in lung models and experimental animals; 
efficiency of ventilation is improved as seen 
by a decreased Vp/Vr апа Расо», the de- 
crease being in proportion to the duration 
of EIP (fig 2). 


Improved alveolar ventilation with EIP 
has been suggested to occur through two 
main mechanisms:? first, as in breathhold- 
ing, by allowing more time for exposure of 
an inspired breath and therefore more un- 
loading of СО, into alveoli. Calculated 
Vpphys decreases during breathholding,'® 
and the effect of delaying expiration results 
in a higher alveolar CO, content than if 
expiration were not delayed.!? Second, by 
recruitment of poorly ventilated alveoli in 
the presence of varying airway obstruction 
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Fic 3. Relationship of Vp/Vr to I/E. When all 
ventilatory patterns were included, no correlation 
was found between Vp/Vr and I/E (r= —0.71). 
When “slow” flow samples were excluded, a nega- 
tive correlation (r — —0.51, p«0.05) was found be- 
tween Vp/Vr and I/E, implying a decrease in 
Vy/V4 as I/E is prolonged with the addition of 
EIP. 
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A B C 


END-EXPIRATION END- INSPIRATION END- INSPIRATORY PAUSE 





V = Vp Vie V3 Vy = Vo 


Fic 4. The effect of EIP on the distribution of 
ventilation in lung compartments with different 
airway resistances. Assuming 2 lung compartments 
(V, and У,) with similar compliance and blood flow 
and an increased airway resistance in V, (A), then, 
during inspiration, the fast-filling compartment (У.) 
receives the bulk of the insufflated volume (B). 
With EIP (C), redistribution of ventilation occurs 
from the fast-filling compartment (V.) into the 
slow-filling compartment (V,). 


resulting in an increased effective diffusing 
surface and decreased V,/Q imbalance, a 
mechanism illustrated in figure 4: 


Assuming two lung compartments with 
similar compliance, equal blood flow and 
different airway resistances, if air is insuf- 
flated at a fast flow rate, the fast-filling 
compartment, that is the one with least air- 
way resistance, would receive the bulk of 
the volume, resulting in an overblown com- 
partment. This mechanism has been sug- 
gested by Norlander? to compress neighbor- 
ing lung compartments with subsequent de- 
crease in their compliance. If expiration is 
allowed to proceed immediately at the end 
of inspiration, no time would be provided 
for gas redistribution, resulting in unequal 
ventilation and V,/Q imbalance. If instead, 
EIP is instituted at the end of inspiration, 
the latter would delay expiration and would 
provide time for equal redistribution of ven- 
tilation and therefore improved V, and 
V4/Q imbalance. 


Ү„/Ут, MAP, and I/E.—In patients 
without pulmonary disease, ventilation was 
found to be more efficient during intermit- 
tent positive-pressure breathing using high 
mean airway pressure. In our study, 
changes in V/V, did not correlate with 
changes in MAP; this is in agreement with 
previous findings, where V;,/V.4 did not vary 
with MAP so long as inspiration lasted 
more than 1 second.!* 


As I/E was prolonged with the addition 
of EIP, V,,/V decreased. The latter did not 
occur when I/E was prolonged by slowing 
the inspired flow rate (fig 3). This indicates 
that it is not merely I/E, but rather how 
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inspiratory time is utilized, that seems “о 
influence the efficiency of ventilation. Slow- 
ing the flow rate did not improve V,,/V. in 
our studies, and this is in disagreement with 
findings in lung models where Y, to ob- 
Structed compartments was improved with 
a slow flow rate.* Also, previous studies with 
patients have shown that V,phys and 
V,/V4 increased as Vinsp Was increased 
above 25 L/min, but in the latter studies, 
no correction for compressible volume was 
done, which make the results difficult to 
evaluate.!* 


Use of EIP in Noncompliant Lungs.—In 
studies on lung models with regional differ- 
ences in compliance, ventilation to the poor- 
ly compliant regions was not improved with 
changes in flow rate and flow pattern or with 
the addition of EIP.* Therefore, it was sug- 
gested that in poorly compliant lungs, it 
may be more advantageous to use a rapid 
inspiration with volume acceleration. Our 
data do not provide a solution as to whether 
EIP would have an effect on the ventilation 
of poorly compliant lungs. However, in pa- 
tient 8, where C4 was markedly decreased 
(table 2), there was a significant improve- 
ment in Vj/V4, with the institution of 
EIP, ». 


We conclude that this study confirms that 
the addition of EIP to the inspiratory flow 
pattern in patients with ARI produces a 
definite improvement in alveolar ventilation 
and V,,phys, but has no demonstrable effect 
on efficiency of oxygenation. This may not 
be of practical significance in the short-term 
management of patients; however, the long- 
term effects of maintaining EIP may result 
in a beneficial effect on gas exchange and 
pulmonary mechanics, and may provide a 
more nearly optimal condition for lung re- 
pair in otherwise poorly ventilated alveoli. 
One practical value of EIP is that it allows 
easy measurement of plateau compliance, a 
reproducible value important in the assess- 
ment and follow-up of pulmonary function 
in critically ill patients. 


APPENDIX 


I. Total Compliance (C4) = AV (mD/ 
AP (ст H,O) = V, (recorded by pneumo- 
tachography) /IP-EEP.  End-inspiratory 
pressure coincided with peak inspiratory 
pressure in the control and “slow” flow pat- 
terns and with the “plateau pressure" in 
both EIP patterns (fig 1). C4 as measured 
in the control pattern represented dynamic 
compliance. In the “slow” flow pattern, the 
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latter was referred to as effective compli- 
ance, since duration of inspiration was 2.5 
to 3.1 seconds as compared to 1.2 to 1.6 
seconds in the control period. C4 measured 
in both EIP patterns was referred to as 
plateau compliance. 


IL AaDO, = Pao, — Pao», where РАО» 
= Pio, — РАСО, (ко, Jac 2). 





TUR 


Paco, was assumed to be equal to Paco, 
and R (respiratory quotient) was assumed 
to be constant at a value of 0.8. This as- 
sumption introduces an element of uncer- 
tainty but is considered justified since the 
patients were investigated in a quasi-steady 
state. 


ПІ. Vj,/V4 was calculated according to 
the standard formula: 


Paco, — PECO,» 
Vp/V4 = iae = 


ected). 
Paco, (corrected) 


Expired gas was collected into a 60 L 
Douglas bag at the end of each ventilatory 
pattern during a 3-minute period. Expired 
gas volume was measured with a Tissot 
spirometer and corrected to BTPS. Mixed 
expired CO, concentration (FEco») was 
determined with an infrared CO. analyzer 
(Beckman Model LB-1) and PEco, was 
derived as follows: PEco, = FEco,. (Р, — 
PH50T). PECO, was corrected for both the 
compressible volume of the ventilator tub- 
ing (3.5 ml/cm H.O) and the effect of 
added apparatus dead space. To correct for 
compressible volume, end-inspiratory pres- 
sure was used in the same manner as de- 
Scribed for the compliance measurements 
(appendix, 1). 


Based on previous physiologic considera- 
tions?? that in the presence of unperfused 
alveoli, the increase in physiologic dead 
space is constantly smaller than the size of 
added apparatus dead space, the formula 
(Vpphys = Урт — 0.5 Vpapp) seems 
more appropriate than the conventional 
Vpphys- Ут — Vyapp. The latter would 
actually result in an underestimation of 
physiologic dead space. A similar corrected 
value of Vjphys may be approximated 
through the following equation: * 

Ут 
Ут — Veomp — 0.5 Vas) 

Paco, 

NB: Because of some variation in the value 
of V, measured with the Tissot spirometer 
or with the pneumotachograph, both values 





Paco, — P&co,( 
Vy/V4 = 








*Our computation. 
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were used in calculating V/V. The differ- 
ence in V/V. calculated according to both 
methods was negligible (0 + 0.02 at most). 
The reported figure is the average of both 
numbers. 


IV. vco, = Vp (measured with the Tis- 
sot spirometer and corrected for BTPS) x 
respiratory rate x FECO». 
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Guest Discussion 


JOHN B. DOWNS, M.D. 
Department of Anesthesiology 
University of Florida 
College of Medicine 
Gainesville, Florida 


The authors demonstrated increased ef- 
ficiency of alveolar ventilation when an 
end-inspiratory pause (EIP) was added to 
the mechanical ventilatory pattern of pa- 
tients with acute respiratory insufficiency. 
Based on this observation, it might seem 
desirable to introduce such a mechanical 
ventilatory pattern to the therapeutic regi- 
men of patients with excessive CO. reten- 
tion. However, positive pressure ventilation 
which will increase mean airway pressure, 
mean intrapleural pressure, and to a lesser 
extent left atrial pressure, may decrease dia- 
stolic filling of the left ventricle and cardiac 
output. Thus, EIP may exaggerate the ad- 
verse hemodynamic effects of mechanical 
ventilation. 


The observed increase in alveolar ven- 
tilation following addition of EIP would be 
most beneficial for patients with hypercar- 
bia. Such patients frequently have marked 
obstructive lung disease or severe hypovo- 
lemia and increased physiologic dead space. 
Unfortunately, the cardiovascular effects of 
EIP would be tolerated least by such pa- 
tients. In most patients who require me- 
chanical ventilator support, CO. elimina- 
tion can be enhanced by a slight increase in 
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tidal volume or ventilator rate. Since hypo- 
carbia is more common than hypercarbia in 
patients receiving mechanical ventilatory 
therapy, addition of EIP may be desirable 
only in select cases. 


Recently, other investigators! found pla- 
teau compliance to correlate positively with 
systemic O, transport and, therefore, rec- 
ommended that plateau compliance be used 
as an indicator of pulmonary function in 
patients with acute pulmonary failure. The 
present authors’ data do not support this 
premise. The АароО,°5 did not correlate 
negatively with plateau compliance, as 
might have been predicted (tables 2 and 4). 
Since cardiac output was reduced signifi- 
cantly following addition of EIP, there must 
have been a significant decrease in systemic 
О, transport. This implies that pulmonary 
mechanics and gas exchange should be eval- 
uated independently in patients with acute 
respiratory insufficiency. 


The authors are to be congratulated for 
providing reliable information obtained from 
well-controlled measurements in patients 
with respiratory insufficiency rather than in 
lung analogs, animals, or patients under- 
going general anesthesia. As Dr. Bergman 
wrote,? “The lungs are composed, in part, 
of 300,000,000 alveoli together with extreme- 
ly complex systems of conducting tubes for 
both gas and blood and are enclosed in a 
unique container. 'Their function cannot be 
studied by observing the inflation of two 
rubber bags at the end of a Y-piece.” 


Hopefully, manufacturers will await the 
results of pertinent investigations such as 
Dr. Fuleihan's prior to marketing expensive 
machines capable of providing multiple in- 
spiratory and expiratory pressure-flow pat- 
terns which may or may not have clinical 
efficacy. 
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We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 


Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: I find the word “torr” used 
increasingly in place of mm Hg. What is the 
origin of this word, and is it an exact syno- 
nym for mm Hg? 


M.D., Illinois 


ANSWER: “Torr” derives from the name 
of the inventor of the mercury barometer, 
Evangelista Torricelli, an Italian physicist- 
mathematician (1608-1647). Early Hg ba- 
rometers were known as Torricelli tubes. 
Because “torr” is a more convenient term 
than mm Hg typographically, it has been 
widely accepted in scientific literature. 


Strictly, 1 torr is 1 mm Hg pressure 
equal 0-60-91 normal atmospheric pres- 


sure (1.316 x 10 atm), or the pressure 
necessary to support a column of mercury 
1 mm high at 0? C and standard gravity. 
Usage has made the term generally accept- 
able as a synonym for mm Hg at ambient 
or clinical temperatures, as well. 
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QUESTION: What is the present status of 
intrathecal cold saline solution for intract- 
able pain, primarily of adenocarcinoma? 


M.D., Kansas 


ANSWER #1: Encouraging results with the 
use of intrathecal cold saline were reported 
not only by Collins and associates* but also 
more recently by Savitz and Malis? Many 
clinicians, however, have not been able to 
duplicate the results obtained by these 
authors. A number of clinics, including our 
own, are now evaluating the use of intra- 
thecal hypertonic saline (7.5 percent) for 
the relief of intractable pain, as described 
by Hitchcock.) Both these technics are at- 
tractive because relief of pain is achieved 
without producing sensory anesthesia. It 
should be noted, however, that the proce- 
dure is not without definite risks. 


In a recent questionnaire circulated 
among neurosurgeons using the injection of 
hypertonic saline for debilitating pain syn- 
dromes, a small but significant morbidity 
was noted, of which the most common, para- 
plegia or quadraplegia, occurred in 0.05 per- 
cent of the total patient population (2000). 
Other significant morbidity consisted of 
paresis of one leg, myocardial infarction, and 
cerebrovascular accident. In summary, I 
think that the injection of intrathecal saline 
for the relief of intractable pain requires 
further clinical evaluation before its rela- 
tive place vis-a-vis standard forms of treat- 
ment of intractable pain secondary to car- 
cinoma (drug therapy, chordotomy, intra- 
thecal alcohol) can be established. 
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ANSWER £2: 'The use of intrathecal cold 
saline has decreased in my practice for 
three reasons: 


1. The belief that it was not the cold 
that was providing the pain relief but the 
hypertonicity of the solution. 


2. My practice has changed in that I 
no longer see many battle casualties with 
causalgia. 


3. The effectiveness in cancer patients is 
only temporary and has not been recom- 
mended by me in treatment of cancer pain. 


I have used the method with moderate 
success in patients with post-herpetic neu- 
ralgia. Also I have used the technic in 
paraplegics and amputees with phantom 
pain and/or sympathetic reflex dystrophy. 


At the time I was actively using the tech- 
nic, other individuals were using hyperton- 
ic saline, that is, 5 and 10 percent selutions 
at room temperature, with comparable re- 
sults. 


The question is vague, in that I don't 
know the site of the cancer or the nature of 
the pain. If the pain is that of adenocar- 
cinoma of the bowel, it would seem to me 
that a splanchnic plexus block would be 
more effective. Intrathecal cold saline is 
one of the means we consider in our course 
of pain therapy; however, as I mentioned 
above, our use of this technic has deereased. 


Jack R. Collins, M.D. 
Department of Anesthesiology 
The Jewish Hospital of 

St. Louis 
St. Louis, Missouri 


ЕУ ж * 


QUESTION: Do you have any experience 
with prolonged continuous epidural for post- 
operative patients in the treatment of pain? 
How long can you keep the catheters safe- 
ly? What is your experience on fractional 
doses of antibiotics injected into the epi- 
dural catheter to keep it clean and sterile? 
Please furnish me with some references and 
literature about epidural antibiotics with 
prolonged catheterization. 


M.D., Maryland 


ANSWER #1: Continuous epidural anes- 
thesia for postoperative pain relief can be 
a useful substitute for narcotics in specific 
patients following abdominal surgery.1-4 
Several reports have documented this fact 
and those who advocate its frequent use 
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can show that patients will maintain móre 
normal pulmonary function,^9 recover fast- 
ег,” and perhaps be more comfortable.5 'The 
limited popularity of this method of pain 
relief is undoubtedly related to the fact 
that it can be time consuming and usually 
demands the attention of the physician for 
repeated injections. 'The busy and be- 
leaguered anesthesiologist would rather re- 
sort to the more common canon of parenteral 
narcotics for postoperative analgesia, with 
the pious conviction that the patient will do 
just as well. 


In an effort to establish prolonged post- 
operative pain relief or chronic sympathetic 
block, I have left epidural catheters in 
place as long as a week. Others report as 
many as 10 days.* The tachyphylaxis which 
frequently develops following multiple in- 
jections of local anesthetics will very often 
limit the useful life of a continuous epidural 
to a much shorter time.’ However, as long 
as the catheter fulfills the purpose for which 
it was put in place, I see no reason to re- 
move it because of some arbitrary time fac- 
tor. 


The epidural abscess is a disastrous con- 
dition which can occur spontaneously, re- 
sult from trauma,? or follow lumbar and 
caudal instrumentation. It does, however, 
seem to rank very low among the possible 
complications of epidural anesthesia. In one 
study aimed at looking into the potential for 
epidural infection, several cultures of cath- 
eter tips, solutions, and even the surround- 
ing skin were found to be virtually free of 
bacteria. The authors, however, were very 
scrupulous with methods of introducing the 
catheter and its protection after it was in 
place. 


Based on these facts, I would question 
the wisdom or the need for a prophylactic 
treatment method such as injecting into an 
epidural catheter fractional doses of anti- 
biotics, when the apparent incidence of in- 
fection is so low. Another consideration is 
the fact that the antibiotic itself might be 
harmful to the nerve root because of such 
factors as osmolarity, pH, or chemical tox- 
icity. I know of no one who uses prophylac- 
tic antibiotics and I would personally have 
serious reservations about the need or the 
safety of such a practice. 
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Department of Anesthesiology 

Wilford Hall USAF Medical 
Center 

Lackland Air Force Base, 
'Texas 


ANSWER #2: 'To answer this important 
question, I will report on the use of con- 
tinuous epidural analgesia for both post- 
operative pain and chronic pain states. For 
the purpose of description, these will be di- 
vided into two groups, the first consisting of 
600 cases in which the epidural catheter was 
left in situ for a mean duration of 28 hours. 
The second group of 27 cases, being man- 
aged for various chronic pain states, will be 
further subdivided into short (7), medium 
(11), and long (6) periods. The mean 
duration of catheterization in these groups 
was, respectively, 2.5, 3.4, and 5.7 days. 
Three patients were blocked for 9, 11, and 
18 days, respectively. These three cases 
represent an extreme application of this 
technic, which was an adjunct to concur- 
rent hypno- and psychotherapy. 'They illus- 
trate what may be a fundamental property 
of the epidural space, namely resistance to 
infection, presumably through the great 
vascularity contributed by the internal ver- 
tebral venous plexus together with its seg- 
mental connections, which has been ade- 
quately described by Batson.! 


In addition, there is good evidence that 
local anesthetics are, if not bactericidal, bac- 
teriostatic. A good account of the antimi- 
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crobial activity of lidocaine and procaine 
is given by Schmidt and Rosenkranz,? who 
testify to the broad spectrum of bactericidal 
activity of these two local anesthetics. Ear- 
lier literature by Murphy and his col- 
leagues? describes the toxic effects of 0.5 
percent solution of tetracaine on Pseudom- 
onas organisms. These two papers suggest 
that this property may be shared by other 
anilide types of local anesthetics currently 
in use. 


I have no experience in the use of frac- 
tional doses of antibiotics, and the litera- 
ture is singularly void of any references in 
this regard. However, there seems little 
argument in favor of prophylactic adminis- 
tration of epidural antibiotics. In fact, on 
first principles, even in the presence of an 
infection, it would appear more appropriate 
to give parenteral antibiotics. Also, one 
should remember that some antibiotics, not- 
ably penicillin and streptomycin, can give 
rise to convulsions when applied to the 
spinal theca. An account by Bordbar and 
Beheshti* of two such cases appeared recent- 
ly, and reference to this effect is also made 
by Goodman and Gilman. 


I advocate the use of long-term epidural 
block for the control of pain either in the 
postoperative period or in pain states, pro- 
vided an aseptic technic is followed during 
each reinjection and provided modern inert 
(nylon or Teflon) catheters are used, with 
or without a micropore filter; then there is 
no argument in favor of using epidural anti- 
biotics. 
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QUESTION: T'he Joint Commission on Hos- 
pital Accreditation demands that the hu- 
midity of the operating room be kept at 
5595. We realize this was done to reduce 
the explosion hazards where explosive anes- 
thetic agents were in use. In our operating 
rooms, we do not use explosive anesthetics 
or combustible prepping solutions (spray tc 
of benzoin being the only flammable agent 
in use). We find it difficult to maintain 
55% humidity and twice have been cited by 
the Joint Commission for this. 


We see no need for 55%, humidity, but 
only 30 to 35%, humidity for comfort con- 
trol. This seems to be an archaic rule that 
is not necessary where explosive agents are 
not in use, but we cannot convince the Joint 
Commission. 


Are we wrong, or should the Joint Com- 
mission accept 30 to 35% humidity where 
explosive anesthetics are not in use and 
rooms are air conditioned and conductive 
floors exist? 

M.D., Ohio 


ANSWER: At a meeting of the ASA Com- 
mittee on Flammable Hazards and Electri- 
cal Equipment, May 14, 1975, the consensus 
of the Committee was that 50% humidity 
was still desirable for: (1) control of static 
electricity (startle reaction); (2) comfort 
of personnel; and (3) to facilitate the con- 
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trol of airborne bacteria. This requirement 
was felt to be important for nonflammable 
as well as flammable anesthetizing locations. 


Currently, the JCAH recommends in the 
Accreditation Manual for Hospitals (1970, 
updated 1973) that NFPA 56A 1968 should 
be used as a guide in establishing controls 
to minimize the hazards of fire and explo- 
Sion in areas where flammable anesthetics 
are used; also, that NFPA Standards should 
be used to develop regulations relative to 
anesthetic safety (see JCAH Manual, pp 62 
and 85). МЕРА 56А 1973 is the latest edi- 
tion of the Standard for the Use of Inhala- 
tion Anesthetics and still states that “а 
relative humidity of not less than 50% at 
a temperature range of 70? + 5? F, shall be 
maintained in anesthetizing locations, both 
flammable and nonflammable." 


The NFPA Sectional Committee on An- 
esthetizing Agents, which is responsible for 
the NFPA 56A Standard, met in Cleveland 
on July 11, 1975, and agreed to review this 
requirement at their next meeting. 


James A. Meyer, M.D. 

Chairman, ASA Committee on 
Flammable Hazards and 
Electrical Equipment 

ASA Delegate to the NFPA 

Letterman Army Medical Center 

San Francisco, California 


AWAKE DURING OPERATION Awareness during anesthesia and operation may 
result in a traumatic neurotic syndrome. The authors describe such a syndrome in 
six patients characterized by 1) recurrent nightmares, 2) irritability, 3) a preoccupation 
with death, and 4) reluctance to describe symptoms to physicians for fear they would 
be misinterpreted. In all six cases a direct explanation to the patient that they indeed 
were “awake” during the operation served as a dramatic cure. The incidence of such 
occurrences may be underestimated due to patient reluctance to discuss their symptoms. 
(Blacher RS: On awakening paralyzed during surgery. A syndrome of traumatic 


neurosis. JAMA 234:67-68, 1975) 
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Hemodynamic Effects of Isoflurane and Halothane 
in Patients with Coronary Artery Disease 


JAMES E. MALLOW, MD * 
ROGER D. WHITE, MD T 
ROY F. CUCCHIARA, MD 7+ 
SAIT TARHAN, MD T 


Rochester, Minnesota | 


In 12 patients undergoing saphenous vein cor- 
onary artery bypass operations, cardiovascular 
hemodynamics were studied in the awake state 
(control) and during anesthesia with isoflurane 
(inspired concentration, 1.24%, 7 patients) or 
with halothane (inspired concentration, 0.77%, 
5 patients). Isoflurane anesthesia was accom- 
panied by decreases of 19% in the cardiac in- 
dex (Q), 19% in mean arterial pressure (AP), 
and 16% in heart rate (HR). Only the change 


R= studies have suggested several 
advantages of isoflurane anesthesia as 
compared with halothane anesthesia in man. 
These have included the absence of sensi- 
tization of myocardium to exogenously ad- 
ministered epinephrine;! minimal metabo- 
lism in man;? lower blood-gas partition co- 
efficient, leading to more rapid induction 
and emergence;? and better maintenance of 
cardiac output.* 


The last of these reported advantages has 
not been documented for patients with lim- 
ited cardiac function. Accordingly, we de- 
signed a clinical study of patients with cor- 
onary artery disease (CAD), to determine 
whether isoflurane anesthesia would main- 
tain cardiovascular hemodynamics better 
than halothane anesthesia at equivalent min- 
imum alveolar concentrations (MAC). Pa- 
tients were selected at random and anesthe- 





{In man, the MAC of isoflurane in O, is + 1.24%" 
and of halothane in О, + 0.77%." 


*Resident. 
TAssistant Professor. 


in AP was statistically significant. Halothane 
anesthesia was accompanied by decreases in Q 
(28%), AP (22%), and HR (1095). The 
changes in Q and were significant. HR did 
not change significantly following the induction 
of anesthesia with either agent. The decrease 
in АР was similar with both agents, and, in 
this regard, neither agent was clearly superior 
for patients with occlusive coronary artery 
disease. 


tized with either isoflurane or halothane in 
O.. Cardiovascular hemodynamics were 
measured in the awake and anesthetized 
states with each agent, and the hemodynam- 
ic changes produced by the two anesthetics 
were compared. 


METHODS 


The study group comprised 12 patients 
without clinical evidence of pulmonary dis- 
ease, scheduled for saphenous vein bypass 
grafting for CAD. All patients were New 
York Heart Association class III and were 
premedicated with diazepam (10 mg) and 
morphine sulfate (6 to 8 mg) IM 1 hour 
before study. Seven patients were anesthe- 
tized with isoflurane [3 single-vessel (LAD), 
3 double-vessel, 1 triple-vessel disease, 0 
ventricular dyskinesia] and 5 with halo- 
thane [1 single-vessel (LAD), 2 double ves- 
sel, 2 triple-vessel disease, 0 ventricular dys- 
kinesia]. In the isoflurane group, the aver- 
age age was 54 years and surface area was 
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1.99 sq m; in the halothane group, 53 years 
and 1.92 sq m. Informed consent was ob- 
tained from each patient the day before 
operation. 


Prior to induction of anesthesia, standard 
limb leads for ECG monitoring were at- 
tached and a CVP catheter (30-cm, 16 
gauge) was inserted percutaneously into the 
right internal jugular vein, localized in the 
right atrium by ЕСС, and connected to a 
Statham 23-BB strain gauge. A 75-cm Teflon 
catheter was placed in the descending aorta 
via the left femoral artery (Seldinger tech- 
nique*) and connected to a 23-D Statham 
strain gauge. A thermistor probe was placed 
in the right axilla. Right atrial (Ру) and 
systemic arterial pressures (AP) were mon- 
itored continuously. 


Cardiac output (Q) was determined by 
the dye-dilution technique.’ Indocyanine 
green* (5 mg/ml) was injected into the 
right atrium, arterial blood was withdrawn 
from the descending aorta by a Harvard 
pump through a Gilson cuvette (model 
DTL) at 10 ml/min, and the dye curve 
was recorded simultaneously with the ECG 
on a Century oscillograph recorder (model 
470). 


Blood gases were analyzed by withdraw- 
ing arterial blood anaerobically from the 
descending aorta into 5-ml plastic syringes, 
the dead spaces of which were filled with 
heparin (1000 U/ml). The syringes were 
immediately sealed and placed in an ice 
bath. Pao», Paco, PH, and hemoglobin 
(hgb) were determined for each sample 
(37° C; Radiometer electrodes model PHM 
27 and Co-Oximeter IL model 182) within 
10 minutes of blood withdrawal. Standard 
bicarbonate was calculated with a Severing- 
haus slide rule. 


After placement of all sensors, the awake 
subjects inspired 100% O, (nonrebreathing 
system) for 10 minutes. Measurements were 
then obtained in the following sequence: 


1. arterial blood sample 
2. axillary temperature 


3. AP and Pp, measured during three 
respiratory cycles 


. 4. Q followed by repeat determinations of 
AP and Pra axillary temperature, and ar- 
terial blood sample. 


The ECG was recorded continuously. This 


*Indocyanine green dye supplied by Hynscn, West- 
cott and Dunning, Inc., Baltimore, Maryland. 
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sequence was repeated until the results' of 
two cardiac outputs in sequence varied by 
less than 10%. 


Induction was with either isoflurane (1.5 
to 5%) or halothane (1 to 2.5%) in O,. 
Endotracheal intubation with a soft-cuffed 
endotracheal tube was facilitated with suc- 
cinylcholine (100 mg IV). For maintenance, 
a constant inspired concentration of isoflu- 
rane (1.24%) or halothane (0.77%) in O, 
was administered from a calibrated Fluotec? 
Mark II vaporizer. Each patient was me- 
chanically ventilated at a respiratory fre- 
quency of 16/min and a tidal volume of 
0.47 to 0.52 L. Tidal volume was delivered 
via an Engstrom Respiratory System (model 
ER311) with peak airway pressures of 12 to 
15 cm Н.О. 


After 15 minutes at the respective con- 
stant inspired concentrations and prior to 
the scheduled surgical procedure, all mea- 
surements were repeated in the same se- 
quence. Blood lost through sampling (aver- 
age, 100 ml) was not replaced. 


Statistical comparisons of the differences 
between the two groups of patients were 
made using Hotelling's t-squared test (un- 
paired data), and comparisons of the dif- 
ferences between the awake and anesthe- 
tized states were made by Student's t-test 
(paired data). Comparisons were accepted 
as significantly different when p« 0.05. 


RESULTS 


Values relating to the awake state for the 
isoflurane and halothane groups did not dif- 
fer significantly (table). In addition, the 
values for hgb, standard bicarbonate, and 
body temperature were 14.9 gm/dl, 23.3 
mEq/L, and 35.5? C, respectively, for the 
isoflurane group and 15.6 gm/dl, 24.6 mEq/L, 
and 36? C, respectively, for the halothane 
group. These values did not change signifi- 
cantly after induction of anesthesia. 


Induction with isoflurane was associated 
with a significant change in systemic AP, 
Paco, and pH (table). The decrease in 
AP was not associated with a significant de- 
crease in either Q or systemic vascular re- 
sistance (SVR). Расо, decreased and pH 
increased by the same degree, due to mild 
hyperventilation in both groups. Induction 
of anesthesia with halothane was accom- 
panied by a significant decrease of AP, б, 
stroke volume index (SVI), and Paco, 
(table). 'The decrease in AP was paralleled 
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TABLE 1 
Comparisons of Hemodynamic and Respiratory Variables in Waking State 
and in Anesthesia With Isoflurane and Halothane 








Isoflurane Halothane 
(N — 7) (№ = 5) 
Isoflurane Halothane 
(inspired (inspired 
concentration, concentration, 
Awake 1.24%) Awake 0.77%) 
Variable Mean + SE Mean + SE Mean + SE Mean + SE 
Cardiac index (liter/min/m") 2.31 + 0.27 2.03 + 0.28 2.94 + 0.32 2.13 + 0.29* 
Stroke index (ml/m') 353 31+3 39+1 31-61% 
Heart rate (beats/min) Ti312 602-4 75 —6 68 + 8 
Right atrial pressure (mm Hg) 6.7 + 1.2 8.4+ 0.7 5.5 + 0.7 6.5 + 1.2 
Mean arterial pressure (mm Hg) 97 + 4 79 + b* 96 + 3 75 + 8* 
Systemie vascular resistance 
(dyne-sec/cm?) 1686 + 184 1678 + 224 1374 + 160 1414 + 120 
Рао, (mm Hg) 421 + 18 384 + 23 483 + 16 477 + 22 
Paco: (mm Hg) 41+1 35 + 2* 40+1 33 + 3* 
pH 7.37 + 0.06 7.41 + 0.02* 7.39 + 0.01 7.46 + 0.02* 





*Significantly different from value for waking state (p< 0.05). 


by a decrease in Q and SVI; SVR did not 
change. 


'The decrease in AP from the awake to 
the anesthetized state in the isoflurane 
groups was not significantly different from 
the decrease measured in the halothane 
group (table). 


Because of the relatively small number of 
patients studied and the wide individual 
variation in values for Q, no significant dif- 
ference in Q between the halothane and iso- 
flurame groups was achieved (unpaired 
t-test), even though, as compared to their 
respective controls, a significant decrease 
occurred only in the halothane group ( paired 
t-test) . 


HR did not change significantly from the 
control to the anesthetized state in either 
group, nor was there a significant difference 
in HR associated with isoflurane as com- 
pared to halothane. 


DISCUSSION 


A comparison between the cardiovascular 
effect of isoflurane and halothane anesthe- 
sia might be altered by three factors: (1) 
differences in Paco, and mechanical ventila- 
tion; (2) differences in MAC equivalents of 
isoflurane and halothane; (3) differences in 
the cardiovascular effects of isoflurane. 


We consider it unlikely that the hemo- 
dynamic effects on these two groups can be 


accounted for by ventilatory differences, 
because respiratory frequency, tidal volume, 
peak airway pressure, and hypocapnia were 
of the same order for both groups. 


'The difference in MAC equivalents also 
seems unlikely as an explanation. Measure- 
ments were obtained in the anesthetized 
state after the patients had received a con- 
stant inspiratory concentration of isoflurane 
or halothane in О, for 15 minutes, preceded 
by induction of anesthesia with isoflurane 
(1.5 to 3.5%) and halothane (1 to 2.5%) 
for 5 minutes. Although the alveolar par- 
tial pressure of isoflurane may be expected 
to have increased at a faster rate than that 
of halothane when administered at a con- 
stant inspiratory concentration, we assume 
that MAC equivalents of isoflurane and 
halothane existed at the time the measure- 
ments were obtained. This assumption is sup- 
ported by the data published by Cromwell's 
group? and by Rehder and colleagues.? 


Rehder determined the ratio of expired 
to inspired halothane (Fgjgj,/Fj4,) in man 
to be 0.55, 0.69, and 0.75 after 15, 30, and 
75 minutes, respectively, of exposure to a 
constant inspired halothane concentration, 
while Cromwell reported the ratio of ex- 
pired to inspired isoflurane (Fy,;/Fj) in 
man to be 0.62, 0.7, and 0.73 after 16, 32, 
and 64 minutes, respectively, of exposure to 
a constant inspired concentration. As the 
Fyua/Fyy, and the Fy;/F;; are equal at 30 
and 32 minutes, we believe that MAC equiv- 
alents of halothane and isoflurane were 
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nearly equal at the end of 20 minutes and 
that, therefore, a comparison of two agents 
is valid. 


HR did not increase under isoflurane an- 
esthesia in our patients, in contrast to the 
data published by Stevens and associates.‘ 
Similarly, no increase in HR (5 volunteers 
anesthetized with inspired isoflurane con- 
centrations of 1 and 2%) from the awake 
to the anesthetized state was reported by 
Rehder in a later study.!^ 


Patients with CAD, particularly those in 
whom the stenotic lesions of the coronary 
arteries are of fixed diameter, require care- 
ful management during general anesthesia 
to prevent acute myocardial ischemia. Ische- 
mia occurs when the myocardial О, con- 
sumption (MVo,) exceeds the supply of О» 
delivered to the myocardium via the coro- 
nary arteries. A partially occluded coro- 
nary artery is associated with a pressure 
gradient across the stenotic area and with 
maximal dilation of the coronary artery dis- 
tally.!! 


Under these conditions, coronary artery 
blood flow distal to the stenosis would be 
dependent primarily on aortic diastolic pres- 
sure;!? and hence coronary blood flow then 
becomes essentially pressure-dependent. In 
patients with occlusive CAD, there is ap- 
parently an optimal aortic pressure'? above 
or below which the balance between myo- 
cardial О„ supply and demand is upset and 
acute myocardial ischemia results. The in- 
traoperative development of acute myocar- 
dial ischemia secondary to hypotension with- 
out a proportionate reduction in MVo, is 
manifested on the ECG by displacement of 
the ST segment. 


In both of our groups, AP decreased sig- 
nificantly; the decrease with isoflurane an- 
esthesia was not significantly different from 
that with halothane anesthesia, and no ST- 
segment deviation was observed in either 
group of patients. We assume, therefore, 
that MVo, was appropriately decreased and 
that the optimum pressure range was main- 
tained similarly by each agent, or that both 
of these were operative. 


Our studies suggest (1) that HR did not 
change significantly following the induction 
of isoflurane or halothane anesthesia; (2) 
that, although cardiac output decreased sig- 
nificantly only after the induction of halo- 
thane anesthesia, we are unable to conclude 
that cardiac output was better maintained 
by isoflurane than halothane anesthesia— 
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because of the small group of patients stud- 
ied, the wide variation in cardiac output, 
and the higher cardiac output in the awake 
halothane group of patients; (3) that AP 
decreases similarly during both isoflurane 
and halothane anesthesia and, in this re- 
gard, neither agent is clearly superior for 
patients with coronary artery disease. 
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M.D., former Senior Editor of JAMA, to John T. Martin, M.D., Associate Editor 


of Anesthesia & Analgesia . . 
Department of Biomedical Communications, Mayo Clinic, Rochester, Minnesota 
55901. 
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Thoughts About Medical Writing 
XXXIII. Parallelism is a Virtue 


Dear Tom: 


In interpreting the written word, the brain 
can sort through remarkable jumbles. It 
can. But the brain works more efficiently— 
ie. understands more quickly and more 
completely—when thoughts are expressed 
clearly. One powerful tool that helps the 
writer to communicate clearly is parallelism. 


I would define parallelism in writing as 
that condition in which entities that com- 
plement each. other are verbalized in such 
a way that their relationship is properly 
emphasized. 'That abstract definition may it- 
self defy understanding, so let me give some 
concrete examples. 


This sentence was part of a recent journal 
article: “The special clamp and other meth- 
ods have been used." What's wrong here? 
The reader must, after reading “other meth- 
ods,” go back to “clamp” and satisfy him- 
self that the author probably has been mere- 
ly careless in saying that a clamp is a meth- 
od. Obviously, a clamp is a concrete thing, 
whereas methods are abstractions. Careful 
readers, readers who are striving to under- 
stand, probably make computations like this 
in nanoseconds and don't realize they are 
making them. But the brain must make an 
unnecessary reversal nonetheless. In this 
case, the author would have saved the step 
by writing: “The special clamp and other 
instruments have been used.” The clamp is 


an instrument. The appropriate parallelism 
has been introduced. 


Longer passages that contain words or 
phrases that should be parallel (but are 
not) force the reader’s brain into much more 
complicated but impromptu efforts at re- 
vision. Often these longer instances of non- 
parallelism are the ones that will bubble 
into consciousness as the reader stops and 
thinks, “He really lost me there.” Here’s an 
example. 

Chest-wall stethoscopes, particularly the weighted 
models now available, are suitable monitors for 
patients who are awake, during induction or with 
mask-administered anesthetics. 


Confusion indeed! Are the patients awake 
during induction of anesthesia? For whom 
are these stethoscopes suitable monitors? 
The writer of this sentence has devised an 
ingeniously nonparallel way of presenting 
his facts. Actually, once we’ve wrestled this 
information into submission it becomes ob- 
vious that three groups of patients are re- 
ferred to—awake patients, patients having 
anesthesia induced, and patients having an- 
esthetic gases given via a mask. But it takes 
a little mental computation to be sure. The 
author should have written something like 
this: 

Chest-wall stethoscopes, particularly the weighted 


models now available, are suitable monitors for pa- 
tients who are awake, are having anesthesia in- 


140 


duced, or are having anesthetics administered via 
a mask. 


That sentence contains proper parallel- 
ism. The published version was potentially 
confusing, which is a serious fault itself. But 
nonparallelism can be actually misleading. 
Consider this advice for patients: 


General measures, such as rest, temperate habits, 
avoidance of activity, and the use of alcoholic bev- 
erages, should not be forgotten. 


The literal, grammatical (but not neces- 
sarily correct) meaning of this sentence is 
clarified by numbering the measures that 
are listed after the “such as" phrase: 


General measures, such as (1) rest, (2) temperate 
habits, (3) avoidance of activity, and (4) the use 
of alcoholic beverages, should not be forgotten. 


Plainly, although the author cautions pa- 
tients to have temperate habits, he also ad- 
vises them to use alcoholic beverages. Is 
this what he really means? Of course not. 
But haste and carelessness have led him to 
publish an ambiguous recommendation. 
Probably be meant “avoidance of" to en- 
compass both “activity” and “the use of 
alcoholic beverages.” But that isn’t what he 
wrote. He should have written something 
like this: 

General measures should not be forgotten—e.g., 


rest and adoption of temperate habits, together with 
avoidance of activity and of alcoholic beverages. 


This revision logically pairs the things a 
patient should do and then pairs the things 
he shouldn’t do. The message is clear and 
unequivocal. 


Some English constructions require paral- 
lelism. These constructions are linked com- 
parisons using correlative conjunctions such 
as "both . . . and,” "either... or,” and “not 


LACTIC ACIDOSIS 
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only ... but also." I think that "either `.. 
or" is the most abused of these couplets. 
This next sentence exemplifies the nonparal- 
lelism that often arises: 

'The Mycoplasmas were identified either by their 


ability to split urea or typical colonial morphology 
as shown on buffered agar. 


As written, the sentence grates on a read- 
ers mind. He might logically expect the 
Mycoplasmas' ability to split urea to be 
followed by a description of their ability to 
Split something else. There is a rule that 
should be applied: Express parallel ideas 
in the same grammatical form; whatever 
part of speech follows either should also 
follow or. If the author had followed this 
rule, the sentence would have been clearer. 
In this case, parallelism would have been 
furthered by adding a second preposition 
(by) and "their," as in this revision: 


The Mycoplasmas were identified either by their 
ability to split urea or by their typical colonial 
morphology as shown on buffered agar. 


The human mind is adept at listing and 
at comparing. When an author omits paral- 
lelism, the brain must work needlessly to 
provide what the author did not. Let's save 
brainpower for the necessary jobs. 


Regards, 


[Charles G. Roland, M.D.] 


Idiopathic lactic acidosis may arise from excessive production 


of lactic acid in any tissue or from an inability of the liver to metabolize lactate. A 
case is described in which sodium nitroprusside administered to a patient with con- 
gestive heart failure and idiopathic lactic acidosis had the unexpected effect of improving 


the acidemia (pH rising from 7.19 to 7.01 ). 
redistribution of the cardiac output (possibl 
lactic acid metabolism was restored. (Tarada 
of idiopathic lactic acidosis. NEJM 293 :46 


It was speculated that vasodilation caused 
y increasing hepatic blood flow) such that 
sh MR, Jacobson LB: Vasodilation therapy 
8-471, 1975) 
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Case History Number 88: 


Gas Embolism During Encephalography 


WILLIAM L. PAUL, MD 
EDWIN S. MUNSON, MD 


Patient #1.—A 14-year-old male was ad- 
mitted to the hospital with a two-week his- 
tory of intermittent headache, vertigo, anor- 
exia, nausea and vomiting. Three years 
previously a suboccipital craniotomy had 
been performed for removal of a pineal 
teratoma and placement of a ventriculoperi- 
toneal shunt. Physical examination on the 
present admission was unremarkable except 
that the ventriculoperitoneal shunt did not 
appear to be functioning properly. The neu- 
rosurgeons thought that the shunt was non- 
functional, that some degree of hydrocepha- 
lus was present, and the patient was sched- 
uled for pneumoencephalography. Preopera- 
tively, he received pentobarbital 100 mg, 
atropine 0.4 mg IM, and on arrival in the 
x-ray department he appeared sedated. A 
catheter was placed in a forearm vein for 
the administration of small doses of Inno- 
var. After the patient was in the pneumo- 
encephalographic chair, a ventriculostomy 
was performed. A pressure transducer was 
attached to the ventriculostomy catheter 
which showed the opening pressure to be 2 
torr. Oxygen was used as the contrast gas 
medium. After several exchanges of cere- 
bral spinal fluid for gas, a total of 50 ml 
oxygen was injected into the ventricular 
space. At this time the patient became rest- 
less and 50 percent nitrous oxide inhalation 
was administered by mask. Ventriculograms 
revealed that the ventricles were not well 
outlined and contained only a small amount 
of contrast medium. It was also noted that 
the CSF pressure remained at 2 torr. An 
explanation for these findings became ap- 


parent when it was noted on the ventriculo- 
gram (fig 1) that gas was present within 
the ventricular shunt tubing. It was con- 
cluded that the ventriculoperitoneal shunt 
was functional and that no hydrocephalus 
nor obstruction to ventricular fluid dynamics 
was present. The procedure was concluded 
and the patient made a satisfactory recov- 
ery. 'Three months later the patient died and 
at autopsy a hypothalamic tumor was found. 





Fic 1. A ventriculogram with the patient in the 
brow-up position shows the contrast gas (oxygen) 
in the anterior horns of the lateral ventricles. Note 
the presence of gas within the shunt catheter (long 
arrow). The catheter tip is identified by the short 
arrow. The body of the shunt apparatus and surgical 
clips from a previous operation also are visible. 
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Patient #2.—A 6-year-old female was ad- 
mitted to the hospital with a three-day his- 
tory of intermittent headache and decreased 
appetite. At four months of age she was 
found to have severe communicating hydro- 
cephalus and underwent placement cf a ven- 
triculoatrial shunt. The shunt functioned 
normally until the present admission when 
hydrocephalus secondary to a non-function- 
al shunt mechanism was diagnosed. Hema- 
tologic and blood chemistries were within 
normal limits. 


The patient was scheduled for ventricu- 
lography. Preoperatively she received pen- 
tobarbital 65 mg, meperidine 20 mg, and 
atropine 0.3 mg IM and she was well se- 
dated on arrival for the procedure. After 
she was placed in the pneumoencephalogra- 
phy tilt chair, catheters were positioned in 
peripheral and central veins. Anesthesia was 
induced with 75 mg thiopental IV and in- 
tubation was facilitated by 40 mg succinyl- 
choline. Anesthesia was maintained with 
halothane, one percent in combination with 
nitrous oxide in 50 percent concentration. 
An esophageal stethoscope was used to mon- 
itor heart sounds. 


Because of the experience with the ven- 
tricular shunt in the previous patient, it 
was elected to use nitrous oxide as the con- 
trast gas medium. Approximately 15 ml of 
nitrous oxide were injected in divided doses 
into the shunt reservoir. To distribute the 
gas within the ventricular system, the pa- 
tient was rotated 360? in the saggital plane, 
as if performing a forward somersault. When 
the patient returned to the original supine 
position, a harsh high-pitched systolic mur- 
mur was heard. No change in pulse rate or 
arterial blood pressure occurred. Nitrous 
oxide was immediately discontinued from 
the inspired gas and the lungs were ven- 
tilated with 10095 oxygen. The cardiac 
murmur gradually disappeared over the next 
five minutes. Repeated attempts to aspirate 
blood through the central venous catheter 
were unsuccessful. After an additional five- 
minute period, when normal heart sounds 
had returned, nitrous oxide inhalation was 
reinstituted. Almost immediately the car- 
diac murmur returned. Nitrous oxide was 
discontinued and the procedure terminated. 
The ventriculogram showed the tip of the 
ventricular catheter to be within the anterior 
horn of the right lateral ventricle. 


The patient was placed in the left lateral 
decubitus position and oxygen was admin- 
istered through the endotracheal tube. Thir- 
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ty minutes later, analysis of arterial blóod 
gases showed oxygenation and ventilation 
to be normal. Chest x-rays at this time 
were also normal. An hour later the endo- 
tracheal tube was removed and the patient 
recovered without incident. 


DISCUSSION 


With the development of ventriculoatrial 
and ventriculoperitoneal shunts to control 
CSF pressure and hydrocephalus, anesthesi- 
ologists often are involved with the man- 
agement of these patients during pneumo- 
encephalography. Frequently, as presented 
in Case History £1, the evaluation involved 
determining shunt patency. A crude clini- 
cal assessment of shunt function is usually 
made by depressing the shunt reservoir. If 
the reservoir fills in less than one minute 
the volume of ventricular CSF may be nor- 
mal or elevated. If the ventricles are col- 
lapsed as a result of decreased CSF pres- 
sure, or from shunt malfunction, the reser- 
voir will not fill. 


This case shows another method for de- 
termining shunt patency which has not pre- 
viously been reported, namely, the failure 
of CSF pressure to rise following inhalation 
of nitrous oxide when air or oxygen is used 
as contrast gas media. 'The hazard of rapid 
and severe increases in CSF pressure during 
air encephalography during nitrous oxide 
anesthesia has been described by Saidman 
and Eger.! This mechanism results from 
the greater solubility of nitrous oxide in 
blood compared with nitrogen. The differen- 
tial solubility between nitrous oxide and 
oxygen (about 1:6) also should result in 
an increase in CSF pressure, but to a lesser 
extent than with air. This patient (#1) did 
not exhibit any increase in CSF pressure, 
probably the result of the functioning shunt. 
Had a ventriculoatrial shunt been present 
venous embolism undoubtedly would have 
occurred as observed in patient £2. 


Venous air embolism has long been recog- 
nized as a complication of pneumoenceph- 
alography.? The events described with pa- 
tient 42 and the recent report of Youngberg 
et al? illustrate this potential hazard in 
patients with ventriculoatrial shunts. In 
this regard, the selection of the contrast 
medium (air, oxygen, or nitrous oxide) is 
important. During inhalation of nitrous 
oxide, no increase in CSF pressure results 
when the contrast gas also is nitrous oxide.* 
This technic appears to offer maximal 
safety in preventing a rise in CSF pressure. 


y 


Case History Number 88 


Hówever, should venous embolization of 
nitrous oxide occur, the embolized bubbles 
would tend to be held in the gas phase due 
to the high partial pressure of the anesthetic 
in venous blood. Thus, embolized nitrous 
oxide would be rendered "insoluble" in 
venous blood until pulmonary excretions of 
nitrous oxide occurred. When discontinued 
from inspired gases, nitrous oxide is rapidly 
eliminated from the lung, blood and cerebral 
ventricles. Furthermore, relatively rapid 
absorption of intraventricular nitrous oxide 
would prevent the occurence of delayed gas 
embolism.» When oxygen is used as the con- 
trast gas medium, some rise in CSF pressure 
may occur, but the low partial pressure of 
oxygen in venous blood would tend to main- 
tain a relatively greater solubility thus pro- 
moting gas absorption which would not be 
affected by the presence of nitrous oxide. 
However, since oxygen may linger in the 
cerebral ventricles for as long as 24 hours 
following encephalography* the patient 
would have to be carefully observed in the 
postanesthetic period. 


Youngberg et al? have suggested that 
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venous air embolism during encephalogra- 
phy can be avoided or minimized in patients 
with ventriculoatrial catheters by: 1) at- 
tempting to keep the air fluid level above 
the tip of the shunt catheter; 2) avoiding 
air as a contrast medium; 3) using a central 
venous catheter for gas aspiration; 4) con- 
tinuously monitoring ECG; 5) using the 
Doppler flow probe monitor over the right 
heart; and whenever possible, 6) ligating or 
clamping the shunt catheter prior to en- 
cephalography. 


Additional monitors which would facili- 
tate early detection of venous air embolism 
also include end-tidal CO, monitoring dur- 
ing constant volume ventilation and the use 
of a Swan-Ganz catheter for continuous 
measurement of right ventricular or pulmo- 
nary artery pressures. Should venous air 
embolism occur, the treatment is sympto- 
matic and directed toward preventing fur- 
ther air entry and restoring normal cardio- 
pulmonary function. Placement of the pa- 
tient in the left lateral decubitus position is 
advantageous because the apex of the heart 
is placed above the level of the pulmonic 


Comment 
ROBERT K. STOELTING, M.D. 


Gas encephalography requiring inhalation anesthesia may produce changes that 
require an understanding of differential gas solubility. For example, increased 
intracranial pressure during N.O inhalation and air or oxygen injection into the 
cerebral ventricles occurs because of the greater solubility of nitrous oxide as 
compared with nitrogen. 'The present report describes a possible diagnostic use 
of N,O inhalation to determine patency of a ventriculoperitoneal shunt and 
emphasizes the hazards of venous air embolism and the rationale for the contrast 
and anesthetic gases chosen in the presence of a functional ventriculoatrial shunt. 


An additional consideration when using N.O as the contrast gas is its rapid 
disappearance from the ventricles when N.O inhalation is discontinued. This 
has resulted in rapid reduction of CSF pressure and subsequent cardiovascular 
collapse.! 


A method providing similar information as gas encephalography but not requir- 
ing a contrast gas would be useful. Computer-assisted transverse axial tomog- 
raphy (EMI scanner) permits such an examination. Furthermore, sedation is 
necessary only for the uncooperative patient. It is unlikely that this radiologic 
technic will completely eliminate the need for gas encephalography but the 
frequency will surely be reduced. Indeed, in a recent report, the number of gas 
encephalograms decreased 60 percent following the introduction of the EMI 
scanner.? 
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valve, thus promoting relief of right ventric- 
ular outflow obstruction and clearance of 
intracardiac gas.5 The pneumoencephalog- 
raphy tilt chair facilitates placing the pa- 
tient in this position. Elimination of nitrous 
oxide from the lung will reverse the bubble 
amplification effect on intrapulmonic bub- 
bles? and an increased Fro, will tend to 
overcome the hypoxemia caused by intra- 
pulmonary shunting. The use of vasopres- 
sors and closed-chest cardiac massage also 
have been advocated for the treatment of 
profound arterial hypotension and cardiac 
arrest.1° 
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'The two cases present possible complica- 
tions of central nervous system diagnostic 





"The opinions or assertions contained herein are 
the private views of the author and are nct to be 
construed as official or as reflecting the views of 
the Department of the Army or the Department 
of Defense. 


ANESTHESIA AND ANALGESIA . . . Current Researches VOL. 55, No. 1, JAN.-FEB., 1976 


procedures performed when patent ventric- 
uloperitoneal or ventriculoatrial shunts are 
present. They demonstrate why patients 
with such shunts should be carefully moni- 
tored and why an anesthesiologist should 
be in attendance. 


Case #1 demonstrates the embolization of 
the contrast gas through the shunt to the 
peritoneal cavity. This apparently resulted 
in no injury to the patient and showed the 
patency of the shunt. 


Case #2 is more interesting. We previ- 
ously have described embolization through 
a patent ventriculoatrial shunt and its pos- 
sible sequelae.! Approximately 9097 of pa- 
tients with gas emboli develop murmurs; 
6575 develop arrhythmias, and 6897 have 
hypotension.2 The authors report the pres- 
ence of a "harsh, high-pitched systolic mur- 
mur" in this patient, but do not report the 
occurrence of hypotension or an arrhythmia. 
The central venous catheter apparently was 
not functional precluding confirmation of 
diagnosis by aspiration of gas. Without 
measuring aspiration of gas from the heart, 
the diagnosis of gas embolization is tenuous 
unless there is a sudden onset of a murmur 
accompanied by a significant alteration in 
cardiac rhythm or arterial blood pressure.? 


An attempt was made to duplicate events 
in this case in a dog model.t A 20.4 kg mon- 
grel dog was anesthetized with 1% halo- 
thane and 50% nitrous oxide in oxygen. 
Respirations were controlled. A central ve- 
nous catheter was placed in the right exter- 
nal jugular vein, attached to a strain gauge, 
and advanced until a right atrial wave form 
was obtained. A Doppler chest probe was 
positioned over the heart. A 7 ml (0.3 
ml/kg) bolus of nitrous oxide was admin- 
istered through the central venous catheter. 
A harsh, systolic murmur was heard almost 
instantly and the animal was ventilated 
with oxygen. During the time the murmur 
was audible, there was a marked drop in 
pulse pressure but no change in pulse rate 
or any audible change in cardiac rhythm. 
After 2.5 minutes, the murmur was no longer 
audible. Ventilation with oxygen was con- 
tinued for an additional five minutes when 
1% halothane and 50% nitrous oxide in 
oxygen was reinstituted. There was no re- 
currence of any cardiac murmurs. 


This experiment raises questions as to 
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the'etiology of the recurrence of the mur- 
mur described in Case #2. Nitrous oxide 
embolization could have been continued 
through the shunt to the heart, or a quan- 
tity of air may have inadvertently been in- 
jected into the ventricular system together 
with the nitrous oxide, thus producing ni- 
trous oxide-air embolization. In this latter 
case, when nitrous oxide inhalation was dis- 
continued, the size of the bubble would de- 
crease secondary to absorption of nitrous 
oxide into the blood and loss of the mur- 
mur, but would again increase in size when 
nitrous oxide inhalation was instituted. 
However, in this patient, the time sequence 
makes this possibility unlikely. 


'The patency of a ventriculoatrial shunt 
may be evaluated by employing a contrast 
material such as meglumine iothalamate 
60%, prior to performing diagnostic pro- 
cedures. However, potential hazards of 
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seizure activity or arachnoiditis exist with 
such agents.?: In the presence of a patent 
shunt, it may be more advantageous to util- 
ize meglumine iothalamate 60%, or carbon 
dioxide, to perform such studies.! 
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INTRAVENOUS FLUIDS An intravenous solution that could reduce protein wasting 
and be administered through peripheral veins would be useful postoperatively until an 
adequate oral intake could be established. The metabolic effects of a 3 per cent amino 
acid solution vs a 5 per cent dextrose solution were compared during the first 6 post- 


operative days after head and neck or abdominal operations. 


Nitrogen losses for 


patients receiving the amino acid solutions were significantly less than for patients 
receiving 5 per cent dextrose. Phlebitis occurred with equal frequency in both groups. 


The speculated mechanism for nitrogen sp 


aring was decreased serum glucose and 


insulin levels allowing greater fat mobilization and utilization with subsequent sparing 
of lean body mass. (Hoover HC, Grant JP, Gorschboth C et al: Nitrogen-sparing intra- 


venous fluids in postoperati 


ve patients NEJM 293:172-175, 1975) 
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Fire Hazard During CO; Laser Microsurgery 
on the Larynx and Trachea 


JOHN C. SNOW, MD* 
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Boston, Massachusetts | 


Г A previous report,! we described the 

use of the CO, laser for microsurgery 
on the larynx and trachea in 392 procedures 
under general endotracheal anesthesia. No 
morbidity or mortality was found related 
to this technic. We have now performed a 
total of 700 such procedures on 250 patients 
over a 42-month period (1972-1975). No 
side effects related to the procedure had 
been seen, nor had there been any injuries 
to patients or operating room personnel. 
However, within the last 6 months, 4 pa- 
tients sustained burns of the tracheal mu- 
cosa from the impact of the laser beam on 
the endotracheal tube. In all 4 cases, the 
fire was extinguished promptly and the 
burns healed uneventfully. Two of the cases 
will be described in detail. 


* Professor of Anesthesiology. 
Associate Professor of Anesthesiology. 
Resident in Anesthesiology. 
$Resident in Anesthesiology. 


REPORT OF CASES 

Case 1.—A 12-month-old girl was ad- 
mitted to the hospital with a tracheotomy 
since the age of 3 months and recurrent 
laryngeal papillomas which produced com- 
plete obstruction of the larynx. The follow- 
ing day, induction and maintenance of an- 
esthesia were accomplished with nonflam- 
mable anesthetics, and an uncuffed red-rub- 
ber Rusch endotracheal tube was inserted 
through the tracheotomy. The tube was not 
wrapped with aluminum tape. The larynx 
was exposed with a pediatric laryngoscope 
and placed on the suspension apparatus. A 
Zeiss operating microscope with laser at- 
tachment was brought into position. 


When the laser beam was continuously 
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discharged, the papillomas obstructing the 
larynx were vaporized, so that the laser 
beam impacted on the tube within the tra- 
chea at the tracheotomy level. A fire started, 
which was brought under control immedi- 
ately, by removal of the burning tube. Ex- 
amination of the endotracheal tube revealed 
a superficial burned area, 1 x 0.5 cm in size, 
4 cm from the distal end. Bronchoscopy re- 
vealed a small superficial burn of the tra- 
cheal mucosa, which later healed. 


Case 2.—A 12-year-old boy was anesthe- 
tized with nonflammable anesthetics for 
CO, laser microsurgery of recurrent laryn- 
geal papillomas. An uncuffed red-rubber 
Rusch oral endotracheal tube was used and 
was protected with aluminum foil except for 
the distal 1.5 cm of the tube. During the 
operation, the laser beam repeatedly hit the 
unprotected distal end of the tube. A fire 
started, which was brought under control 
immediately by removal of the burning tube. 
Examination of the tube showed a super- 
ficial burned area, 1.2 x 0.5 cm in size, in- 
cluding the aperture opposite the beveled 
end of the endotracheal tube. Bronchoscopy 
revealed a small superficial burn of the 
tracheal mucosa, 1 cm below the vocal cords, 
which healed uneventfully. 


DISCUSSION AND SAFETY 
PRECAUTION RECOMMENDATIONS 


The wavelength of the CO, laser beam 
is in the infrared range (10.6 microns), so 
the destructive capacity of the beam is lim- 
ited to a thermal effect. The heat produced 
may ignite unprotected anesthesia equip- 
ment or flammable anesthetic agents. Plas- 
tic and rubber equipment, such as endotra- 
cheal tubes, oropharyngeal airways, naso- 
gastric tubes, and esophageal stethoscopes, 
easily can be set on fire by a misdirected 
laser beam. 


During CO, laser microsurgery on the 
larynx and trachea, we have observed that 
if the laser beam repeatedly hits the red- 
rubber Rusch endotracheal tube (4 or 5 
times) in the same area, there is the risk 


147 


of fire. The laser beam must be carefully 
focused to avoid impact with the tube. 


If a patient has a tracheotomy, anesthe- 
sia can be administered either through a 
metal tracheotomy tube or a Rusch red- 
rubber endotracheal tube. However, if the 
red-rubber endotracheal tube is situated 
within the operative field, it must be pro- 
tected with a reflective surface in order to 
avoid laser beam damage and fire. A thin 
metal coating, such as self-adhesive alu- 
minum tape, placed around the distal por- 
tion of the tube, not including the cuff, will 
protect the tube from accidental laser im- 
pact. The cuff cannot be protected without 
limiting its function. 


Fewer safety precautions are necessary 
with CO, laser than with ruby, argon or 
other lasers. The operating room personnel 
need only to wear ordinary eyeglasses to 
protect their corneas from injury should the 
laser beam accidentally be reflected from a 
metal surface. For the same reason, the 
patient's eyes also must be taped shut. If 
an area of tissue close to the target area 
needs to be protected, it can be shielded 
adequately by moist gauze, since water dis- 
sipates the energy effectively. Pregnant per- 
sonnel are not at risk. 'The laser beam is not 
like an x-ray, in that its effects are limited 
to accessible areas. 


All nonflammable inhalation anesthetic 
agents can be administered to patients un- 
dergoing laser surgical procedures. The 
potential electrical and explosive hazards 
associated with the use of the laser are no 
greater than those with the use of high- 
frequency electrosurgery.? 
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А New Introducer for Percutaneous Cardiovascular Catheters 
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Gx its introduction, the Swan-Ganz 
catheter has been effective for evalua- 
tion of myocardial performance. Because of 
the seemingly complicated technic of insert- 
ing the catheter, as originally described by 
the authors,! many clinicians still prefer the 
placement of central venous pressure lines. 
The recent development of an introducer$ 
has made central venous sites more accessi- 
ble for pulmonary artery catheterization. 
'The introducer consists of a 17-gauge needle 
covered by an inner and outer plastic 
sheath (figure). The special design of the 
introducer makes possible the percutaneous 





§Percutaneous Cardiovascular Catheter Introducer, 
Edwards Laboratories, Santa Ana, California. 


OUTER SHEATH 

(Approx. one 

French size 

INNER SHEATH larger than 

17-GAUGE  (6F,7F, or 8F) inner sheath) 


NEEDLE 


Pec N 


puncture of the internal jugular or subcla- 
vian vein, as described elsewhere.?:! 


The basic technic of catheterization in- 
volves the following steps: 


1. Surgical preparation with antimicro- 
bial solution and appropriate draping. 

2. Local infiltration of the site of vein 
puncture with a suitable local anesthetic. 

3. Small stab wound through the skin 
and subcutaneous tissue with a £11 scalpel 
blade. 

4. Advancement of the introducer, to 


which a 10 ml syringe is attached, into a 
central vein, and aspiration of venous blood. 








NEEDLE HUB PLUG 





INNER SHEATH HUB 
OUTER SHEATH HUB 


SHIPPING TUBE 


FIGURE. Introducer for percutaneous cardiovascular catheters. The 17-gauge needle is covered by an 


inner and outer plastic sheath. 
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*5. Upon successful venous aspiration, the 
introducer is advanced (approximately 0.5 
cm) to ensure intravascular placement of 
the needle bevel as well as the distal tips 
of the inner and outer plastic sheaths. 


6. The needle is withdrawn and the in- 
ner and outer sheaths are advanced simul- 
taneously. 


7. 'The hub plug is attached to the hub of 
the inner sheath to prevent excessive ve- 
nous backflow in high venous pressure states 
and air embolization in low venous pressure 
states. 


8. When catheterization is about to be- 
gin, the inner sheath is withdrawn, holding 
the outer sheath in place, and the catheter 
is rapidly introduced through the outer 
sheath. 


9. Once the catheter is advanced to 10 
cm within the vein, the outer sheath can be 
removed from its intravenous site and drawn 
snug proximally on the catheter, where it 
is held in place. 


It is preferable to inflate the balloon when 
the catheter is approximately 10 to 12 cm 
within the vein. The catheter is then con- 
nected to a pressure transducer and the pres- 
sure wave is recorded either on an oscillo- 
Scope or write-out recorder. While advanc- 
ing the catheter, the location of its tip is 
determined by observing the changes in the 
contour of the pressure wave. 


DISCUSSION 


Originally, the pulmonary artery catheter 
was inserted via an antecubital vein cut- 
down.! It has been our experience that this 
approach is frequently unsuccessful, due to 
site inaccessibility or failure in traversing 
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the shoulder veins. 'The antecubital cutdown 
approach is also time consuming. If the 
catheter is not passed to the pulmonary 
artery within a reasonable time after initial 
insertion from the antecubital fossa, the 
catheter is warmed by body temperature 
and becomes pliable, leading to possible 
looping or knotting and to difficulty in ad- 
vancing. 


With access through a central vein, pul- 
monary artery catheterization can be rapid, 
simple, and does not require a cutdown. 
The technic has a higher incidence of suc- 
cess, can be used when peripheral sites are 
not accessible, and follows a more direct 
route to the right heart than the peripheral 
approach. There seems also to be a lesser 
incidence of thrombophlebitis. 


То date, we have completed 82 catheter- 
izations with the percutaneous cardiovas- 
cular introducer. The only reportable com- 
plication has been one incidence of pneu- 
mothorax in a patient with clavicular ana- 
tomic abnormality due to an old fracture. 
Minor oozing may occur around the punc- 
ture site; however, this may be effectively 
controlled with adequate local compression. 
We have had no other complications related 
to use of the introducer. 
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Plastic Covered Solid Copper Wire Stylet 
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N EFFECTIVE and inexpensive flexible В). Sterilization is by soaking in alcohol, 
stylet can be made from commercially autoclaving, or exposure to ethylene oxide. 
available #12 TW (thermoplastic weather- The distal end of the plastic end of the plas- 
proof) copper wire (figure, A). The proxi- tic tubing covering the copper wire can be 
mal looped end can be held tight by using heat sealed. 
a 9-mm heat-shrinkable plastic tube (figure, 
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Irving J. Selikoff, M.D. 
Professor of Medicine, 
Professor of Community Medicine; 
Director, Environmenta! Sciences 
Laboratory, Mount Sinai School of 
Medicine, New York, New York 





153 


s Monday, March 15, 1976 - Scientific Program 


Chairman: Kenneth K. Keown, M.D., Columbia, Missouri, 
Chairman of the Board of Trustees, I.A.R.S. 


A TOTALLY CLOSED ANESTHESIA SYSTEM THAT CONTINUOUSLY 
MEASURES О, CONSUMPTION AND N;,0 UPTAKE 

Kenneth A. Haselby, M.D. 
Discussor: Edmond |. Eger, 11, M.D. 


5 MORE DEFINITE CONTROL OF BALANCED ANESTHESIA USING 
. OXYGEN CONSUMPTION VARIATIONS 


*William S. Jordan, M.D. 
Dwayne R. Westenskow, M.D. 


— Discussor: Kai Rehder, М.Р. 


LYMPHOCYTE STUDIES IN POSTOPERATIVE PATIENTS 


*David L. Bruce, M.D. 
Parviz Behbahani, M.D. 
Paul C. Land, M.D. 


Discussor: М. Т. Jenkins, M.D. 


5 MECHANICAL VENTILATORY PATTERN, INTRAPLEURAL PRESSURE 
. AND CARDIAC OUTPUT 


*John B. Downs, M.D. 
Michael E. Douglas, Major, USAF, MC 


a .. Discussor: Douglas B. Craig, M.D. 
— — — INTERMISSION — — — 


RESPIRATOR MANAGEMENT OF 1000 AND 2000 GRAM NEONATES— 
OUTCOME AND COMPLICATIONS 


John S. McDonald, M.D. 
Discussor: Dean Crocker, M.D. 


A DOUBLE-BLIND EVALUATION OF THE EFFECTS OF KETAMINE ON 
NEUROBEHAVIORAL TESTS DURING THE FIRST TWO DAYS OF LIFE 


Robert Hodgkinson, M.D. 
*Gertie F. Marx, M.D. 

S. S. Kim, M.D. 

Nora |. Miclat, M.D. 


Discussor: Walter U. Brown, Jr., M.D. 


*Will present paper. 
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< Monday, March 15 - Scientific Program 


Chairman: Robert К. Stoelting, M.D., Indianapolis, Indiana, 
Member of Board of Trustees, I.A.R.S. 


EFFECT OF SODIUM NITROPRUSSIDE ADMINISTRATION ON 


REGIONAL BLOOD FLOW DISTRIBUTION 


*Ronald J. Gordon, Ph.D. Joseph Utley, M.D. 
Gordon G. Dorris, M.S. Mark B. Ravin, M.D. 
Jerry Collins, Ph.D. 


Discussor: Ronald L. Katz, M.D. 


EFFECTS OF SODIUM NITROPRUSSIDE AND MEPHENTERMINE 
SULFATE ON RENAL BLOOD FLOW IN PATIENTS UNDERGOING 
NEPHROLITHOTOMY 


* Alexander A. Birch, M.D. 
William H. Boyce, M.D. 


Discussor: John D. Harries, M.D., F.R.C.P.(C) 
A DOSAGE NOMOGRAM FOR SODIUM NITROPRUSSIDE INDUCED 
HYPOTENSION UNDER ANESTHESIA 


*Noel W. Lawson, M.D. Joan W. Flacke, M.D. 
Dola S. Thompson, M.D. Edward R. Norton, M.D. 
Carl L. Nelson, M.D. 


Discussor: Robert K. Stoelting, M.D. 
— — — INTERMISSION — — — 


EFFECT OF HALOTHANE AND PENTOBARBITAL ANESTHESIA ON 
THE DISPERSION OF INDICATOR PARTICLES PASSING THROUGH 
THE CENTRAL CIRCULATION OF A DOG 


*Guy C. Davis, Jr., M.D., Ph.D. Evan L. Frederickson, M.D. 
A. William Paulsen, M.M. Sc. 


Discussor: James B. Bassingthwaighte, M.D., Ph.D. 


HALOTHANE EFFECTS ON CONDUCTIVITY OF THE AV NODE 
John L. Atlee, 111, M.D. 
Discussor: Dean H. Morrow, M.D. 


EFFECT OF HALOTHANE ON SYSTOLIC TIME INTERVALS 


* Jan D. Hasbrouck, M.D. 
Catherine C. Coleman, B.S., A.S.C.P. 


Discussor: John A. Reitan, M.D. 
HEMODYNAMIC EFFECTS OF HALOTHANE IN DOGS RECEIVING 
PROPRANOLOL 


*Mark B. Ravin, M.D. Joseph Utley, M.D. 
Alan Hymanson, B.S. Jerry Collins, Ph.D. 


Discussor: David Shands, M.D., Ph.D. 


*Will present paper. 
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Monday, March 15 - Scientific Program - 


Chairman: Dean H. Morrow, M.D., Houston, Texas, 
Contributing Editor, *Anesthesia and Analgesia" 


NEUTROPHIL CHEMOTAXIS DURING AND AFTER GENERAL 
ANESTHESIA 


*Theodore H. Stanley, M.D. 
Gary E. Hill, M.D. 
Harry Hill, M.D. 


Discussor: David L. Bruce, M.D. 


CORRELATION OF PLASMA CHOLINESTERASE ACTIVITY AND 
DURATION OF ACTION OF SUCCINYLCHOLINE DURING PREGNANCY 


*Casey D. Blitt, M.D. Eva Alberternst, C.R.N.A. 
W. Clayton Petty, M.D. Barbara J. Wright 


Discussor: Oscar J. Viegas, M.D. 


A DUAL ACTION OF PANCURONIUM ON SUCCINYLCHOLINE 
NEUROMUSCULAR BLOCK 


*Anthony D. lvankovich, М.Р. Ronald F. Albrecht, M.D. 
Naomi A. Sidell, M.D. A. Dietz, Ph.D. 


Discussors: John W. R. McIntyre, M.D. 
Anis Baraka, M.D. 


— — — INTERMISSION — — — 


EVALUATION OF MONITORED RELAXANT DOSAGE AND RECOVERY 
CRITERIA BY PROGRAMMED TWITCH-TETANUS AND TRAIN-OF-FOUR 
ULNAR-NERVE STIMULATION 


* James O. Elam, M.D. Phebe Lim Tan, M.D. 
Mohamad Shafieha, M.D. Jonathan Wooster, E.E. 


Discussor: Hassan H. Ali, M.D. 


NEUROMUSCULAR BLOCK BY ANTIBIOTICS: POLYMYXIN B 


*Chingmuh Lee, M.D. 
Dennis Hui-Ting Chen, M.D. 
Eugene L. Nagel, M.D. 


Discussor: Ronald D. Miller, M.D. 


RENAL FAILURE AND DURATION OF ACTION OF NEOSTIGMINE AND 
PYRIDOSTIGMINE 


*Ronald D. Miller, M.D. 
Laura L. Roderick, A.B. 
Lawrence D. Becker, M.D. 


Discussor: Leonard F. Walts, M.D. 


HEMODYNAMIC EFFECTS OF METOCURINE IN PATIENTS WITH 
CORONARY ARTERY DISEASE AND BETA BLOCKADE 


*Daniel M. Philbin, M.D. Robert P. Antonio, M.D. 
James Zaiden, M.D. John J. Savarese, M.D. 


Discussor: Richard P. Fogdall, M.D. 


*Will present paper. 
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Tuesday, March 16 - Scientific Program 


Chairman: David E. Longnecker, M.D., Charlottesville, Va., 
Contributing Editor, *Anesthesia and Analgesia" 


HALOTHANE CHALLENGE IN ANIMALS SENSITIZED TO AN 
INTERMEDIATE HALOTHANE METABOLITE (TRIFLUOACETALDEHYDE) 
COMPLEXED TO LIVER PROTEIN 


* J. G. Reves, M.D. R. D. McKay, M.D. 
L. E. McCraken, Jr., M.D. Russell A. Van Dyke, Ph.D. 


Discussor: Edward A. Brunner, M.D., Ph.D. 


PLASMA HEPARIN ACTIVITY AND ANTAGONISM DURING 
OPEN-HEART SURGERY WITH HYPOTHERMIA 


* Jerry A. Cohen, M.S., M.D. 
Evan L. Frederickson, M.D. 
Joel A. Kaplan, M.D. 


Discussor: D. David Glass, M.D. 


THE EFFECTS OF NITROUS OXIDE ON CARDIOVASCULAR 
DYNAMICS DURING ENFLURANE ANESTHESIA IN MAN 


*George M. Bennett, M.D. Ryohei Kawamura, M.D. 
Edward A. Loeser, M.D. Theodore H. Stanley, M.D. 


Discussor: Constance L. Graves, M.D. 


TRANSIENT EEG ABNORMALITIES FOLLOWING ENFLURANE 
ANESTHESIA 


Kim Burchiel, B.S. Roderick Calverley, M.D. 
James Stockard N. Ty Smith, M.D. 


Discussor: Leonard C. Jenkins, M.D. 
— — — INTERMISSION — — — 


LEFT HEART DEVICE: EARLY CLINICAL EXPERIENCES WITH 
MANAGEMENT OF THE POSTPERFUSION LOW CARDIAC OUTPUT 


*George Silvay, M.D. S. B. Lukban, M.D. 
R. S. Litwak, M.D. R. A. Jurado, M.D. 


Discussor: J. Earl Wynands, M.D. 
HEMODYNAMIC CHANGES DURING INDUCED HYPOTENSION IN 
INFANTS AND CHILDREN 


*M. Ramez Salem, M.D. A. Y. Wong, M.D. 
T. Toyama, M.D. Edward J. Bennett, M.D. 


Discussor: E. Paul Didier, M.D. 


*Will present paper. 
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Tuesday, March 16 - Scientific Program 


Chairman: Edwin S. Munson, M.D., Gainesville, Florida, 
Member of Board of Trustees, ТА.К.5. 


STRESSING THE LIPID SOLUBILITY—POTENCY CORRELATION WITH 
_ A NEW INHALED AGENT: THIOMETHOXYFLURANE 


*Yasumasa Tanifuji, M.D. 
Edmond |. Eger, 11, M.D. 
Ross C. Terrell, Ph.D. 


© Discussor: Russell A. Van Dyke, Ph.D. 


5 THE ANESTHETIC EFFECT OF OXYGEN 


*Raymond A. Smith, D. Phil. 
W. D. M. Paton, D.M., F.R.S., F.R.C.P. 


— Discussor: C. Ronald Stephen, M.D. 


3 ADJUVANTS ALTER ANESTHETIC REQUIREMENTS 


*Robert E. Johnstone, M.D. 
Tisha Fendley 
Charlene McCarthy 
Roger Morrow 


Discussor: Cosmo A. DiFazio, M.D., Ph.D. 


5 THE INFLUENCE OF HEMODILUTION AND HYPOTHERMIA ON 
_ ANESTHETIC BLOOD/GAS PARTITION COEFFICIENT DURING 
_ CARDIOPULMONARY BYPASS 


Alfred Feingold, M.D. 
Discussor: Harry J. Lowe, M.D. 


— — — INTERMISSION — — — 


THERMOREGULATORY DEFECT DURING ANESTHESIA 


Richard |. Mazze, M.D. 
*Ben A. Hitt, Ph.D. 

Thomas L. Cook, M.D. 

Jon C. Kosek, M.D. 


= Discussor: Richard F. Wallin, D.V.M., Ph.D. 


= FENTANYL: CHANGES IN ANESTHETIC POTENCY AND DEPRESSION 
_ OF VENTILATORY RESPONSE TO CARBON DIOXIDE 


*Roy M. Bartee, 11, LCDR, MC, USNR 
John L. Steffenson, Captain, MC, USN 


x * . Discussor: Robert F. Hickey M.D. 


*Will present paper. 





Scientific Exhibits 


A CLINICAL EVALUATION OF MICROEMBOLI TRANSFUSION FILTERS DURING SURGERY— 
E. L. Ellis, M.D., and Angelo latridis, M.S. 


A TECHNIC OF GENERAL ANESTHESIA FOR BLEPHAROPLASTY AND RHYTIDECTOMY— 
Herzl Katz, M.D., Roy C. Machida, M.D., D. Gareth Wootton, M.D., and Robert Amonic, M.D. 


NEUROLEPTANALGESIA AND LOCAL ANESTHESIA FOR A DYNAMIC APPROACH TO 
SURGERY OF THE HAND—James C. Erickson, 11, M.D., James M. Hunter, M.D., and Larence 
H. Schneider, M.D. 


OBSTETRIC ANESTHESIA AND THE NEWBORN—Gerard W. Ostheimer, M.D., John W. 
Scanlon, M.D., Milton H. Alper, M.D., Walter U. Brown, Jr, M.D., Jess B. Weiss, M.D., 
Sanjay Datta, M.D., Rao Mallampati, M.D., and Aron O. Lurie, M.D., Ph.D. 


DISTRIBUTION OF LOCAL ANESTHETICS IN THE NEWBORN FOLLOWING MATERNAL 
EPIDURAL ANESTHESIA—Walter U. Brown, Jr., M.D., and George C. Bell, M.D. 


AUTOTRANSFUSION: EXPERIMENTAL AND CLINICAL EXPERIENCE—Glenn W. Geelhoed, 
M.D., Herbert D. Weintraub, M.D., and Creighton B. Wright, M.D. 


ANTICHOLINERGIC DIFFERENCES—A MATTER OF SAFETY—Alon P, Winnie, M.D. 


ELECTRICAL HAZARDS IN THE OPERATING ROOM—M. El-Naggar, M.D., E. Kantar, A.A., 
H. Francis, Ph.D., and V. J. Collins, M.D. 


FIBEROPTIC MONITORING OF THE PERIPHERAL PULSE—George C. Bell, M.D. 


REGIONAL ANESTHESIA—CURRENT CONCEPTS AND ADVANTAGES—P. C. Lund, M.D., 
J. C. Cwik, M.D., and R. T. Gannon, M.D. 


AMERICAN INDEPENDENCE—ANESTHESIA OR ANAESTHESIA? BI-CENTENNIAL OBSER- 
VATIONS—Keith Murrin, M.B., Kenneth J. Levin, M.D., and Peter V. Scott, M.B. 


UPTAKE AND DISTRIBUTION OF ISOFLURANE—Harry J. Lowe, M.D., Thomas N. Mackrell, 
M.D., and Clair M. Stiles, M.D. 


A NEW INJECTABLE ANALGESIC—BUTORPHANOL TARTRATE — FOR MODERATE AND 
SEVERE PAIN—Allen B. Dobkin, M.D. 


ILLUMINATING THE FETAL CIRCULATION—George C. Bell, M.D. 


SOURCES AND CONTROL OF ANESTHETIC TRACE GAS LEVELS IN THE OPERATING 
ROOM—John H. Lecky, M. + Gordon R. Neufeld, M.D., and James Springstead, D.D.M. 


KETAMINE FOR PARTURITION- T. J. Akamatsu, M.D., J. J. Bonica, M.D., and K. Ueland, M.D. 


SURFACE ALTERATIONS OF THE TRACHEA ASSOCIATED WITH INTUBATION—Wen-hsien 
Wu, M.D., M.S., Herman Turndorf, M.D., William N. Bernhard, M.D., and Roland D. Paegle, M.D. 


INTRAOPERATIVE AUTOTRANSFUSION—Linda C. Stehling, M.D., Howard L. Zauder, M.D., 
Ph.D., and Waid Rogers, M.D. 


FEATURES OF LONG-TERM ARTIFICIAL VENTILATION (L.T.A.V.), INTERMITTENT MANDA- 
TORY VENTILATION (I.M.V.) AND PEEP — Hedayatollah Elyassi, M.D., and Christen C. 
Rattenborg, M.D. 
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Tuesday, March 16 - Scientific Program 


Chairman: Paul R. Dumke, M.D., Detroit, Michigan, 
Member of Board of Trustees, I.A.R.S. 
Co-Chairman: Ronald W. Dunbar, M.D., Atlanta, Georgia, 
Contributing Editor, Anesthesia and Analgesia” 


PEEP AND CPAP: CARDIOPULMONARY EFFECTS DURING 
SPONTANEOUS VENTILATION 


*Carl L. Sturgeon, Jr., Major, USAF, MC 
John B. Downs, M.D. 

Michael E. Douglas, Major, USAF, MC 
Francis J. Dannemiller, Colonel, USAF, MC 


Discussor: Ake Grenvik, M.D. 


Eleventh Annual Becton, Dickinson and Company 
Oscar Schwidetzky Memorial Lecture: 


ON THE HISTORY OF IDEAS IN ANAESTHESIA 
Leroy David Vandam, M.D. 


— — — INTERMISSION — — — 


CHANGES IN BLOOD CHEMISTRIES FOLLOWING PROLONGED 
ENFLURANE ANESTHESIA 


*Edmond 1. Eger, 11, M.D. 
R. K. Calverly, M.D. 
N. Ty Smith, M.D. 


Discussor: Wendell C. Stevens, M.D. 


CEREBROSPINAL FLUID PRESSURE DURING PNEUMO- 
ENCEPHALOGRAPHY AND NITROUS OXIDE INHALATION 


*William L. Paul, M.D. 
Edwin S. Munson, M.D. 
Jack E. Maniscalco, M.D. 


Discussor: Richard A. Elwyn, M.D. 


DOES FLUORIDE ION PRODUCTION EXPLAIN THE COMPARATIVE 
TOXICITY OF ENFLURANE, METHOXYFLURANE AND ISOFLURANE? 


*Wendell C. Stevens, M.D. 
Anne White, M.S. 
Edmond 1. Eger, 11, M.D. 
Richard |. Mazze, M.D. 
Ben A. Hitt, Ph.D. 

Jon C. Kosek, M.D. 


Discussor: Helmut F. Cascorbi, M.D. 


*Will present paper. 
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Wednesday, March 17 - Scientific Program 


Chairman: Emerson A. Moffitt, M.D., Halifax, Nova Scotia, 
Vice Chairman of the Board of Trustees, I.A.R.S. 


CALCIUM, POTASSIUM, AND CITRATE CHANGES DURING RAPID 
BLOOD TRANSFUSION IN ANESTHETIZED MAN 


*J. Kenneth Denlinger, M.D. 
Michael L. Nahrwold, M.D. 
Delia R. Bethell, M.S. 

W. David Lust, Ph.D. 


— Discussor: Norig Ellison, M.D. 


Panel: 
ANESTHESIA FOR THE PATIENT WITH CARDIAC DISEASE 
Moderator: Emerson A. Moffitt, M.D. 


PREOPERATIVE EVALUATION 
Alan H. Goldberg, M.D. 


ANESTHETIC MANAGEMENT 
Wendell C. Stevens, M.D. 


DRUGS IN CARDIAC SUPPORTIVE CARE 
Roger D. White, M.D. 


. ANESTHESIA FOR PATIENTS WITH PACEMAKERS 


J. Earl Wynands, M.D. 


ANESTHESIA AFTER RECENT INFARCTION 
Emerson A. Moffitt, M.D. 


DISCUSSION 


— — — INTERMISSION — — — 
Acditional time has been allotted to visit the exhibits. 


*Will presert paper. 
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- Wednesday, March 17 - Scientific Program 


Chairman: Kenneth K. Keown, M.D., Columbia, Missouri, 

S. Chairman of the Board of Trustees, I. A.R.S. 

—— Co-Chairman: Е. Paul Didier, M.D., Rochester, Minnesota, 

ч Contributing Editor, “Anesthesia and Analgesia” 


MECHANISM OF CHRONOTROPIC EFFECT OF VOLATILE INHALATION 
. ANESTHETICS 


*Gopal Krishna, M.D. 
Raymond R. Paradise, Ph.D. 


— Discussor: Robert G. Merin, M.D. 





Fourteenth Annual Baxter-Travenol Lecture: 


EPIDEMIOLOGICAL ANSWERS TO LABORATORY QUESTIONS IN 
ENVIRONMENTAL CANCER 


Irving J. Selikoff, M.D. 


— — — INTERMISSION — — — 


EFFECT OF KETAMINE ON SURVIVAL RATE FOLLOWING 
HEMORRHAGE 


David E. Longnecker, M.D. 
Discussor: Eugene L. Nagel, M.D. 


INFLAMMATORY POTENTIAL OF FOREIGN PARTICULATES IN 
PARENTERAL DRUGS 


*Gordon G. Dorris, M.S. 
Brack Bivins, M.D. 
Robert Rapp, Pharm.D. 
Mark B. Ravin, M.D. 

D. L. Weiss, M.D. 


Discussor: Ronald W. Dunbar, M.D. 


PHYSIOLOGIC CONSEQUENCES OF EARLY EXTUBATION IN 
CARDIAC SURGERY PATIENTS 


*О. Prakash, M.D. 

S. H. Meij, M.Sc. 

B. Jonson, M.D. 

P. G. Hugenholtz, M.D. 
W. Hekman, M.D. 


Discussor: John H. Tinker, M.D. 


*Will present paper. 
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Thursday, March 18 - Scientific Program 


Chairman: John T. Martin, M.D., Toledo, Ohio, 
Member of the Board of Trustees, I.A.R.S. 
Co-Chairman: Douglas B. Craig, M.D., Winnipeg, Manitoba, 
Contributing Editor, *Anesthesia and Analgesia" 


THE ANESTHETIC POTENCY OF LIDOCAINE IN THE RAT 


*Cosmo A. DiFazio, M.D., Ph.D. 
James Niederlehner, M.D. 
Robert G. Burney, M.D. 


SYSTEMIC ABSORPTION AND TISSUE TOXICITY OF BUPIVACAINE 
(MARCAINE®) FOLLOWING INTERCOSTAL NERVE, BRACHIAL PLEXUS, 
AND SCIATIC AND FEMORAL NERVE BLOCKS 


*Daniel C. Moore, M.D. 
L. E. Mather, M.D. 
Phillip O. Bridenbaugh, M.D. 
L. Donald Bridenbaugh, M.D. 
Robert |. Balfour, M.D. 
D. F. Lysons, M.D. 
W. G. Horton, M.D. 


MANAGEMENT OF LOCAL ANESTHETIC-INDUCED CONVULSIONS: 
CURRENT STATUS 


Rudolph H. de Jong, M.D. 
DISCUSSION 


CLINICAL CLASSIFICATION AND TREATMENT PROGRAM FOR 
POSTSPINAL HEADACHES—300+ CASES 


Stuart L. Du Pen, M.D. 


ANALGESIA AND MOTOR FUNCTION IN EPIDURAL BLOCKADE: NEW 
SOLUTIONS FOR OLD PROBLEMS 


*Philip R. Bromage, M.D. 
C. E. B. Norgate, M.B. 
R. S. B. Bramwell, M.B. 


DISCUSSION 


— — — INTERMISSION — — — 


*Will present paper. 




































163 


| Thursday, March 18 - Scientific Program 


ABDOMINAL PAIN: A SOLVENT FOR THE SOLAR PLEXUS 


*Gale E. Thompson, M.D. 
Robert Artin, M.D. 
L. Donald Bridenbaugh, M.D. 
Daniel C. Moore, M.D. 


A MODEL FOR THE STUDY OF LOCAL ANESTHETIC KINETICS IN MAN 


*Alon P. Winnie, M.D. 
Somayaji Ramamurthy, M.D. 
Zia Durrani, M.D. 

Chen-Hin Tay, M.D. 
Kanchan Patel, M.D. 


DYNAMICS OF COMPOUNDED LOCAL ANESTHETIC MIXTURES IN 
REGIONAL ANESTHESIA 


*P, Prithvi Raj, M.D. 
Jordan Miller, M.D. 
Richard Rosenblatt, M.D. 
Ronald L. Katz, M.D. 


COMPARISON OF EFFECTS OF ACUPUNCTURE AND CODEINE ON 
POSTOPERATIVE DENTAL PAIN 


*Ү, F. Sung, M.D. 

Michael H. Kutner, Ph.D. 
F. C. Cerine, D.D.S. 

Evan L. Frederickson, M.D. 


DISCUSSION 


*Will present paper. 


NOTE 


Program content, as well as days and times of 
presentation are subject to change, and any changes 
will be included in the final program distributed at 
the meeting. The final program will also contain 
abstracts of the scientific papers, as well as names 
and professional affiliations of all individuals in- 
volved in the preparation, presentation or discussion 
of the papers. 
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Public Health Aspects of Critical Care 
Medicine апа Anesthesiology — Safar, 
Peter, M.D., Editor. Philadelphia, FA 
Davis Company, Clinical Anesthesia, 
1974, vol 10, no 3, 396 pp, price $20.00. 


The objective of this contribution to the 
Clinical Anesthesia series is to give the read- 
er, in particular physicians and other health- 
care professionals, a broad view and assess- 
ment of the current systems of medical-care 
delivery and the associated unsolved prob- 
lems and their possible solutions. “Public 
health” in this context refers to community 
medical-care systems and the planning, im- 
plementation, and evaluation of health-care 
delivery programs. 


For the most part, the topics relate direct- 
ly to the role of the anesthesiologist in 
health-care delivery; areas of concern in- 
clude resuscitation and life-support, emer- 
gency medical care, and intensive care. 


Inclusion of “critical-care medicine" cer- 
tainly reflects the editor's well-known inter- 
ests and concern for this area of medical 
practice—an area to which Dr. Safar has 
made many and major contributions. In 
fact, in those chapters authored by Safar, 
there emerges a rather clear picture and per- 
ception of his own philosophies and strong- 
ly-worded opinions. For example, on page 
15: “In the 1950s disasters were considered 
mainly from the point of view of nuclear 
war. Millions of dollars were spent to sat- 
isfy the Cold War paranoia of certain gov- 
ernmental agencies, although we lacked the 
most basic emergency care for everyday 
needs." Safar knows well from personal ex- 
perience, some of which he shares in this 
book, the frustrations of attempting to up- 
grade. emergency services in the face of 
apathy and frank and bitter opposition. 


Here are some of the many areas sur- 
veyed: Centralization of hospital care for 
the critically ill; hospital and emergency 
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book shelf 





facility categorization; current status of re- 
spiratory-care services in the United States; 
surgical and anesthesia workloads, anesthe- 
sia mortality; anesthesia manpower and al- 
lied health personnel in anesthesia; outpa- 
tient anesthesia; and anesthesia costs. Of 
course, cardiopulmonary resuscitation and 
emergency and critical-care systems are dis- 
cussed at length. 


It should be apparent that there is some- 
thing for nearly everyone in this volume. In 
spite of multiple authorship, there is very 
little duplication, perhaps because each 
chapter “stands on its own” and covers dis- 
tinct yet related material. It is an informa- 
tive text and will be useful as a resource for 
many areas of anesthesiology and critical- 
care medicine. 


Roger D. White, M.D. 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


* ж 


Life-Threatening Emergencies in the Den- 
tal Practice — Schijatschky, Milan M., 
Berlin, Chicago, Quintessence Books, 
1975, 163 pp. 


To quote from the introductory paragraph 
of this interesting and informative book: 
“There is no such thing as a life-threatening 
emergency specific to the dental office,” is 
good reason for the dental practitioner to 
become familiar with any situations that 
may require emergency measures in his 
office. 


The author has presented this subject in 
considerable depth and has included much 
valuable information and directives for the 
benefit of the dental practitioner. 


This should be a very useful source of 
information for students and practitioners 
in the dental profession. 


à Scientific 
Articles 


March-April, 1976 


A TECHNIC OF GENERAL ANESTHESIA FOR BLEPHAROPLASTY AND RHYTIDECTOMY—Herzl Katz, M.D., Roy C. 
Machida, M.D., D. Gareth Wootton, M.D., and Robert Amonic, M.D., Los Angeles, California. 

CARDIOVASCULAR DYNAMICS AFTER LARGE DOSES OF FENTANYL AND FENTANYL PLUS NITROUS OXIDE IN THE 
DOG-—Wen-Shin Liu, M.D., Arun V. Bidwai, M.D., Theodore H. Stanley, M.D., and Jesus Isern-Amaral, M.D., 
Salt Lake City, Utah. 

CIRCULATORY CHANGES IN PATIENTS WITH CORONARY ARTERY DISEASE FOLLOWING THIAMYLAL-SUCCINYL- 
CHOLINE AND TRACHEAL INTUBATION DURING ANESTHESIA-— Robert K. Stoelting, M.D., and Christine Peterson, 
Indianapolis, Indiana. 

ANAPHYLAXIS AND CHEMONUCLEOLYSIS: GUIDELINES FOR MANAGEMENT—Dean Н. Morrow, M.D., Houston, 
Texas. 

CARDIOVASCULAR EFFECTS OF CANNABINOL DURING ORAL SURGERY—John M. Gregg, D.D.S., Ph.D., Robert L. 
Campbell, D.D.S., Kenneth J. Levin, M.S., M.D., and Riley A. Elliott, B.S., Chapel Hill, North Carolina. 

MANAGEMENT OF INTRACTABLE PAIN IN ADIPOSIS DOLOROSA WITH INTRAVENOUS ADMINISTRATION OF LIDO- 
CAINE—Tadashi Iwane, M.D., Masanori Maruyama, M.D., Michiko Matsuki, M.D., Yusuke Ito, M.D., and Koki 
Shimoji, M.D., Niigata, Japan. 

RESECTION OF STENOTIC TRACHEA: A CASE PRESENTATION—C. Paul Boyan, M.D. and Paul A. Privitera, C.R.N.A., 
Richmond, Virginia. 

INCIDENCE OF PROLONGED PAIN RELIEF FOLLOWING ACUPUNCTURE—Peter К. Y. Lee, M.D., Jerome H. Modell, 
M.D., Thorkild W. Andersen, M.D., and Segundina А. Saga, M.D., Gainesville, Florida. 

THE INTERACTION BETWEEN D-TUBOCURARINE, PANCURONIUM, POLYMYXIN B, AND NEOSTIGMINE ON NEURO- 
MUSCULAR FUNCTION—Linda S. Van Nyhuis, Ronald D. Miller, M.D., and Richard P. Fogdall, M.D., San Fran- 
cisco, California. 

ANESTHETIC CONSIDERATIONS IN DIFFUSE BLEEDING DIATHESIS OF UNCERTAIN ORIGIN—F. Y. Dalal, FFARCS, 
E. J. Bennett, FFARCS, E. M. Grundy, FFARCS, and S. Younes, M.D., Chicago, Illinois. 

BACTERIOLOGIC ASPECTS OF EPIDURAL ANALGESIA—Francis M. James, lll, M.D., Richard H. George, M.B., 
Ch.B., MRC Path., Hamid Naiem, M.B., MRCOG, and Gary J. White, FIMLT., Winston Salem, North Carolina 
and Birmingham, England. 

THE INFLUENCE OF SUCTION CATHETER TIP DESIGN ON TRACHEOBRONCHIAL TRAUMA AND FLUID ASPIRA- 
TION EFFICIENCY—William J. Link, Ph.D., Edmund E. Spaeth, Ph.D., William M. Wahle, M.D., William Penny, 
M.S., and John L. Glover, M.D., Indianapolis, Indiana and Glendale, California. 

FAILURE TO INDUCE HEPATIC PATHOLOGY IN ANIMALS SENSITIZED TO A HALOTHANE METABOLITE AND 
SUBSEQUENTLY CHALLENGED WITH HALOTHANE—J. G. Reves, M.D., and Linton E. McCracken, Jr., M.D., 
Bethesda, Maryland. 

A POTENTIAL IGNITION SOURCE IN THE OPERATING ROOM—Edward F. Anderson, LCDR, USN (MC), Great Lakes, 
Illinois. 

THE EFFECTS OF DOXAPRAM ON CEREBRAL BLOOD FLOW AND PERIPHERAL HEMODYNAMICS IN THE ANESTHE- 
TIZED AND UNANESTHETIZED GOAT—David J. Miletich, Ph.D., Anthony D. Ivankovich, M.D., Ronald F. 
Albrecht, M.D., Roger F. Bonnet, M.D., and Charles R. Reimann, M.D., Chicago, Illinois. 

"PENTAZEPAM" (PENTAZOCINE + DIAZEPAM) SUPPLEMENTING LOCAL ANALGESIA FOR LAPAROSCOPIC STERI- 
LIZATION—J. Antonio Aldrete, M.D., Shirley T. Liem, M.D., Donald J. Carrow, M.D., and Mary K. Watts, 
CRNA, Louisville, Kentucky. 

ATYPICAL PSEUDOCHOLINESTERASE: A CLINICAL REPORT—Erwin Lear, M.D., Cassim Jadwat, M.D., Lucy Bough, 
M.D., and Paz Fernandez, M.D., Jamaica, New York. 

ANESTHETIC CONSIDERATIONS IN PATIENTS WITH GAS GANGRENE—Michael J. Laflin, M.D., Raymond E. Tobey, 
M.D., and J. G. Reves, M.D., Bethesda, Maryland. 

A COMPARATIVE STUDY OF ENFLURANE AND HALOTHANE USING SYSTOLIC TIME INTERVALS—Joel A. Kaplan, 
M.D., Edward D. Miller, M.D., and Daniel R. Bailey, M.D., Atlanta, Georgia and San Antonio, Texas. 

THOUGHTS ABOUT MEDICAL WRITING. XXIV—Charles G. Roland, M.D., Rochester, Minnesota. 

MANAGEMENT OF A PARTURIENT WITH CARDIAC VALVE PROSTHESIS—Demir M. Saka, M.D., and Gertie F. 
Marx, M.D., Bronx, New York. 

PROLONGED TRANSLARYNGEAL INTUBATION VERSUS AN EARLY TRACHEOSTOMY IN ACUTE RESPIRATORY 
FAILURE—Moustafa El-Naggar, M.D., Seshadri Sadagopan, M.D., Harry Levine, Ph.D., Harvey Kantor, M.D., 
and Vincent J. Collins, M.D., Chicago, Illinois. 

SURVIVAL FOLLOWING MASSIVE PULMONARY HEMORRHAGE COMPLICATING PULMONARY EMBOLECTOMY— 
Stuart Wollman, M.D., and Lawrence G. Kushins, M.D., New Hyde Park, New York. 

EFFECT OF PaCO; ON OXYGEN CONSUMPTION DURING CARDIOPULMONARY BYPASS IN MAN— Richard W. 
Patterson, M.D., Los Angeles, California. 

CASE HISTORY NUMBER 89. A LIFE THREATENING COMPLICATION OF CRICOTHYROID MEMBRANE PUNCTURE 
— Y. K. Poon, M.B., B.S., F.F.A.R.C.S., Donald H. Reimer, M.D. FRCP (C) and Douglas B. Craig, M.D. FRCP (C). 

Brief Reports: 

ACUTE CARDIOVASCULAR COLLAPSE AFTER INTRAVENOUS PHYTONADIONE—Luke M. Kitahata, New Haven, 
Connecticut. 

AN UNUSUAL PROBLEM IN NASOTRACHEAL EXTUBATION—Gary S. Sklar, M.D., Antonio E. Alfonso, M.D., and 
Benton D. King, M.D., Brooklyn, New York. 

A SIMPLE METHOD OF INSERTING A NASOGASTRIC TUBE DURING ANESTHESIA—Anis Baraka, M.D., Beirut, 
Lebanon. 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites original manuscripts on 
subjects pertinent to the specialty of anes- 
thesiology. Original articles accepted for 
publication, or papers presented at the So- 
ciety's annual scientific meetings which sub- 
sequently may be published in the Journal, 
become the property of the International 
Anesthesia Research Society. Reproduction 
in whole or in part is not permitted except 
by written consent of the publisher and the 
author. 


Submit manuscripts in triplicate to— 
T. H. Seldon, M.D., Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901, U.S.A. 


All papers are reviewed by the Editorial 
Board and other selected referees. If ac- 
cepted for publication, editorial revisions 
may be made to aid clarity and understand- 
ing without altering the meaning. Edited 
copy is submitted to authors for approval 
before it is sent to the printer. Page proof 
will be submitted to authors for final ap- 
proval. Reprint order forms will accompany 
page proof. 


Titles should be concise but informative, 
with thought given to the use of key words 
for indexing. Ninety characters, including 
punctuation and spaces, should be sufficient. 


Coauthors’ names should be followed by 
the major degree, professional affiliation, 
and address. 


Abstract: On the first page of manuscript, 
an abstract of from 50 to 250 words, accord- 
ing to length of article, but not exceeding 
one double-spaced typed page, should de- 
Scribe purpose, methods, results, and con- 
clusions, as succinctly as possible. This re- 
places both former Capsule Review and 
Summary, but is the same in content and 
format. 


Type manuscript (in triplicate) en 8% 
x 11-inch white paper, with 115 inch margins 
at top, bottom, and both sides. Double space 
ALL typing, including references, legends 
and footnotes. 


References: About 20 references are ac- 
ceptable. In extensive reviews of the litera- 
ture, readers will be advised that longer 


reference citations can be obtained from 
author. Citations should include (1) last 
name of author followed by initials without 
internal punctuation; (2) commas separate 
names and initials of authors; (3) four or 
more authors are designated as “et al;” (4) 
journal name is abbreviated according to 
Index Medicus style; (5) references from 
books show (a) city of publication, name of 
publisher, date of publication, after book 
title; (6) journal references give volume, 
first and last page numbers, year. (See pre- 
vious issues of Anesth & Analg for style.) 


Tables should be self-explanatory and 
should supplement, not duplicate, the text. 


Photographs should have sharp contrast, 
be on glossy paper unmounted, and 4 by 5 
inches or larger. Polaroid prints damage 
easily in handling and thus may reproduce 
indistinctly. Glossy prints are preferred. 
Submit photographs of roentgenograms with 
contrasts as in original and sharply defined; 
“TOP” must be identified. АП illustrative 
materials, charts, etc., must be submitted in 
triplicate, clearly numbered according to 
text and legend. 


Lettering on charts and graphs must be 
large enough to be legible when reduced in 
size. Curves, scatter dots, etc., should con- 
trast with reference lines. 


Drawings must be in black (India) ink 
on white background and should be of pro- 
fessional quality. 


Legends for illustrations should be concise 
and typed on one page. Legends for photo- 
micrographs should show stain and magni- 
fication data. 


Drug names used in the text should be 
generic unless trade names are essential to 
the discussion. 


Multiple Publication: To avoid violating 
existing copyrights, a statement should ac- 
company each submitted article indicating 
that the material in question: 


1. Has not been simultaneously submit- 
ted to another journal. 


2. Has not been previously published 
elsewhere. 
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a. Abstracts of 400 words or less do 
not constitute prior publication. 


b. A report issued by requirement of 
a governmental agency or compar- 
able granting institution does not 
constitute prior publication. 


c. Extracting by news media does not 
constitute prior publication unless 
all vital tables and pertinent con- 
clusions are involved or unless such 
publication was actively solicited 
by the authors. 


Legal considerations require letters of per- 
mission from authors and publishers for use 
of illustrations or quotations originally ap- 
pearing elsewhere, and also written permis- 
sion for use of photographs of identifiable 
patients. Identifying information, such as 
names, initials, hospital numbers, and dates, 
must be avoided. 


When experimentation involving human 
subjects is reported, an appropriate state- 
ee regarding informed consent should be 
made. 


Case reports should include only signifi- 
cant data. Laboratory findings should be 
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restricted to those pertinent to the discus- 
sion. 


Symbols used for respiratory physiolo 
should follow Fed. Proc. 9:602. 1950. xi 


Explanation of abbreviations and symbols 
used within the text should be added as a 
footnote. 


Example: torr: Unit of pressure of 1 mm. 
of mercury at 0° C. and standard gravity. 


CHECK LIST 
Title 
Authors 
Abstract 
Text 

Tables 
References 
Figures 
Legends 


OOOO00o0o00 


Manuscripts and all illustrations should 
be mailed flat, in triplicate, with cardboard 
protection. The author should retain one 
complete copy, including tables and illus- 
trations. 


_—————————-—-—_—— 


Metric Conversions 


HEIGHT WEIGHT 
Cm Feet Inches (approx.) Kilograms Pounds 
15 O ft. 6 in. 
30 357 Oin. 1 2.2 
45 1 ft. 8 in. 5 11 
60 ift 11% in. 10 22 
75 2 ft. 57; in. 15 33 
105 3 11.175 in; 20 44 
115 3 ft. 9 in. 25 55 
120 н. 1T ine 30 66 
125 Aft." X in. 35 77 
130 4 ft. 3 in. 40 88 
135 4 ft. 5 in. 45 99 
140 4 ft. 7 in. 50 110 
145 Att. 9 in. 55 121 
150 4 ft. 11 in. 60 132 
155 5 ft. 1 in. 65 143 
160 515 Bin. 70 154 
165 ЭН 5 in. 75 165 
170 Sf. Zim 80 176 
175 5 dh. 9. 85 187 
180 5 H.- Tl In. 90 198 
185 6 ft. ! in. 95 209 
190 6 ft. 3 in. 100 220 
195 6 ft. 5 In. 105 231 
200 ém Xm 110 242 
205 6 ft. 9 in. 115 253 
210 6 ft. SP ins 120 264 
215 7. 3. 125 275 


APPROXIMATE CONVERSIONS FROM METRIC MEASURES 




















Symbol When You Know Multiply by To Find Symbol 
LENGTH B 
mm millimeters 0.04 inches in 
cm centimeters 0.4 inches in 
m meters 3.3 feet f 
m meters 1,1 yards yd 
km kilometers 0.6 miles mi 
Symbol When You Know Multiply Бу To Find Symbol 
MASS (weight) 
g grams 0.035 ounces oz 
kg kilograms 2:2 pounds Ib 
t tonnes (1000 kg.) 31 short tons 
Symbol When You Know Multiply by To Find Symbol 
TEMPERATURE (exact) 
oF Farenheit 5/9 (after Celsius ec 
temperature subtracting temperature 
32) 
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Anesthesia and Analgesia CURRENT RESEARCHES А 


BACK ISSUES AVAILABLE 





Available at $3.00 Per Issue 





Vol. Year Numbers Available Vol. Year Numbers Available 

33 1954 - 2 3 4 5 6 41 1962 - 2 3 - 5 6 
34 1955 1 2 3 4 5 6 42 1963 - - 3 4 6 
35 1956 1 2 3 4 5 6 43 1964 - 2 - - - 6 
36 1957 - E - - - 6 44 1965 - 2 3 4 5 6 
37 1958 1 3 4 5 6 45 1966 - 2 - - - 6 
38 1959 - 3 4 - 6 46 1967 - - 3 - - 6 
39 1960 - - 3 4 5 6 47 1968 - - 3 4 5 6 
40 1961 - - 3 4 5 6 48 1969 1 2 3 - - 


Available at $4.50 Per Issue 





Vol. Year Numbers Available Vol. Year Numbers Available 

49 1970 1 - - - 5 6 oz. 1973 1 2 3 4 5 6 

50 1971 1 2 3 - - - 53 1974 - 2 3 4 - - 
5l 1972 - 2 3 - - 6 54 1975 1 2 3 - 5 6 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available 
at $2.00 each. 


BOUND VOLUMES AVAILABLE: $8.00—For Years 1947, 1948, 1949; $10.00—For Years 1953, 1955 


OTHER PUBLICATIONS AVAILABLE: 
"Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue)— $3.00. 
Ten-Year (1960-1969) Cumulative Index—$3.00. 


eee 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 





O Checkfor$ ^ ^ ÀJ enclosed. 
[1 Please send bill with understanding that ordered material will be sent when payment is 
received. 
Name 
Address 





City, State, Zip 





When you 


need to know 
отамар for non-invasive, routine 


monitoring of arterial pressure. 








Using: An ordinary pressure cuff with no 
transducer. Easily attached to any limb. 
Provides: Automatic determination and digital 
display of mean arterial pressure. 

Write or call for your demonstration. 


Applied Medical Research 
6 Columbia Drive 





M, Tampa, Fla. 33606 
(813) 251-8390 












qi 
Suns 
1 Sah i 
wy HH 
ulii 
Won 

4 wel 
АЕ M 
a ü 


E 





VOLUME 55, No. 1, JANUARY-FEBRUARY, 1976 


(47) 


A quick recovery’ 
anesthetic 
for short surgical procedures 


Ethrane (enflurane) fulfills your anesthetic require- 
ments for short surgical procedures. 


Fast Induction, Rapid Recovery. The low blood/ 
gas partition coefficient of ETHRANE (1.91 at 37°C) 
assures rapid patient induction with minimal excitation. 
Its mild, pleasant odor is highly acceptable and 
ETHRANE does not stimulate increased salivation or af- 
fect bronchomotor tone.’ Pharyngeal and laryngeal re- 
flexes can be quickly and easily obtunded. Following 
anesthesia, because of its low blood solubility, 
ETHRANE is promptly eliminated at the lungs, permit- 
ting rapid emergence and recovery.” 


Stable Cardiac Rhythm. Cardiac rhythm usually re- 
mains normal during ETHRANE anesthesia and is not 
altered even with elevations in arterial carbon dioxide." 
Although nodal or atrial arrhythmias occasionally ap- 
pear, ventricular extrasystoles are rare. Heart rate is sus- 
tained at preanesthetic levels. Bradycardia or tachycardia 
do not normally occur. Blood pressure tends to be re- 
duced with induction, but this effect is reversed with sur- 
gical stimulation.* 


Excellent Muscle Relaxation. At clinical concentra- 
tions, ETHRANE usually provides muscle relaxation 
sufficient for lower abdominal procedures. In addition, 
relaxation is often adequate for procedures of the upper 


abdomen. If greater relaxation is required, its potentia- 
tion of nondepolarizing relaxants reduces the dosage of 
such adjunctive neuromuscular blocking agents.* 


Few Anesthetic Aftereffects. Following cessation of 
anesthesia with ETHRANE, recovery is rapid, unevent- 
ful, and complete. Postoperative return of adequate pul- 
monary ventilation is rapid.' Nausea, vomiting, and 
delirium are rare. Usually there is an early return of 
lucidity, desire for fluids, and generally a feeling of well- 
being.’ 





WARNING: Motor activity exemplified by move- 
ment of various muscle groups and/or seizures may 
be encountered with deep levels of ETHRANE (en- 
flurane) anesthesia. For additional warnings, contrain- 
dications, and precautions, see following page. 





Films Available for Medical Education. As a serv- 
ice to the anesthesia profession, Ohio Medical Products 
has available, without charge, motion pictures for use in 
continuing medical education. Topics include such areas 

s "Management of Ambulatory Surgical Procedures” 
and "The Use of ETHRANE." To arrange for a personal 
or group showing, contact your OHIO Anesthetic Rep- 
resentative, or write to our Communications Department 
in Madison, Wisconsin. 


Ethrane’ 


(enflurane) 


Versatile in Concept-Versatile in Performance 


Ohio Medical Products 


3030 AIRCO DRIVE 
MADISON, WISCONSIN 53701 


AiRCO* 


See following page for full disclosure 


Ehrane'..«.. ane) Versatile ineconcept 


CAUTION: Federal Law Prohibits Dispens- 
ing without Prescription 


Description: ETHRANE (enflurane) is a 
nonflammable anesthetic agent. It is 
2-chloro-1,1,2-trifluoroethyl  difluoromethyl 
ether, and its structural formula is: 


Some physical constants of the compound 
are: 


Molecular weight 184.5 
Boiling point 760 
mm Hg. 56.5°C 
Refractive index п? 1.3026-1.3030 
Specific gravity 
25°/25°C 1:51? 
Vapor pressure in 
mm Hg.** 209C 174.5 
25°С 2177 
369C 345.2 


*'Equation for calculation of enflurane 
vapor pressures: 
B А = 7.967 
logo P=A+ — B = —1678.4 
T T = 9C 273.16 (Kelvin) 


Partition coetlicients @ 37°С 


Water-gas 0.82 

Blood-gas 1.91 

Oil-gas 98.5 

Partition coefficients @ 25°C— 

rubber and plastic 

Conductive rubber 74.0 

Butyl rubber 90.0 

Polyvinylchloride 120.0 

Polyethylene ~2.0 

Polyurethane ~15 

Polyoletin «1.2 

Butyl acetate ~3.0 
Solubility of entlurane 

in H20 at 22°C 0.275% 
Solubility of H20 in 

enflurane 0.13% 
Purity by gas 

chromatography >99.9% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to 
saturation at 71 and 113°F 
and 743 mm Hg. pressure.) 

M.A.C. (Minimum alveolar concentration) 


Man with pure oxygen 1.68 
Man with 70% nitrous oxide 
0.56 (est.) 


ETHRANE is a clear, colorless, stable 
liquid without added chemical stabilizers. 
ETHRANE has a mild, sweet odor. Storage 
of samples in indirect sunlight in clear, 
colorless glass for a five year period, as 
well as direct exposure for 30 hours to a 
2 amp, 115 V., 60 cycle long wave U.V. 
light, produced no changes in composition 
detectable by gas chromatography. 
ETHRANE in one normal sodium methoxide- 
methanol solution, a strong base, for over 
Six months consumed none of the alkali, 
indicative of strong base stability. 
ETHRANE does not decompose in contact 
with soda lime. ETHRANE does not attack 
aluminum, tin, brass, iron or copper. 


Actions: ETHRANE (enflurane) is an in- 
halation anesthetic, Induction and re- 
covery from anesthesia with ETHRANE are 
rapid. ETHRANE does not appear to stim- 
ulate excess salivation or tracheobronchial 
secretions, or affect bronchomotor tone. 
Pharyngeal and laryngeal reflexes are 
readily obtunced. The level of anesthesia 
changes rapidly with ETHRANE. ÉTHRANE 
reduces ventilation as depth of anesthesia 
increases. ÉTHRANE provokes a sigh re- 
sponse reminiscent of that seen with di- 
ethyl ether. 

There is a decrease in blood pressure 
with induction of anesthesia, followed by 
a return to near normal with surgical stimu- 
lation. Progressive increases in depth of 
anesthesia produce corresponding in- 
creases in hypotension. Heart rate remains 
relatively constant without significant 
bradycardia. Electrocardiographic monitor- 
ing or recordings indicate that cardiac rhy- 
thm remains stable. Elevation of the carbon 
dioxide level in arterial bloed does not 
alter cardiac rhythm. ETHRANE sensitizes 
the myocardia! conduction system to epine- 
Phrine in dog and can produce serious 
arrhythmias, Comparable information in 
man is not available. 


Muscle relaxation is adequate for intra- 
abdominal operation at normal levels of 
anestnesia. Should greater relaxation be 
necessary, minimal doses of muscle relax- 
ants may be used. All commonly used 
muscie relaxants are compatible with 
ETHRANE. The nondepolarizing muscle 
relaxamts are markedly potentiated. Neo- 
Stigmmne does not reverse the direct effect 
of ETHRANE. 


Bicteansformation of ETHRANE (enflu- 
rane) :а man results in low levels of serum 
lluoride ions averaging 15 mM/L. These 
levels are well below the 50 mM/L seen to 
produce renal damage in normal subjects; 
however, it is possible that these levels 
Could result in damage in patients with 
severely impaired renal function or those 
undesgping renal transplantation 


Indications: ETHRANE (enflurane) may be 
used ‘or induction and maintenance of 
genera! anesthesia. Adequate data have 
not been developed to establish its appli- 
cation in obstetrical anesthesia. 


Conteaindications: Seizure disorders (see 


WARNINGS). A 
Knewn sensitivity to ETHRANE (enflu- 
rane) cr other halogenated anesthetics. 


Warnings: Increasing depth of anesthesia 
with FTHRANE (enflurane) produces a 
change in the electroencephalogram char- 
acterwed by high voltage, fast frequency, 
progressing through spike-dome complexes 
alternating with periods of electrical si- 
lence 10 frank seizure activity. The latter 
may er may not be associated with motor 
movement. Motor activity, when encoun- 
tered. generally consists of twitching or 
jerks of various muscle groups; it is 
self-limiting and can be terminated by 
lowering the anesthetic concentration. This 
electroencephalographic pattern associ- 
ated with deep anesthesia is exacerbated 
by hygerventilation producing low arterial 
carbon dioxide tension. The pattern serves 
as a warning that depth of anesthesia is 
excesswe. Cerebral blcod flow and metabo- 
lism studies in normal volunteers during 
Seizu'&e patterns show no evidence of cere- 
bral hypoxia, and recovery appears to be 
uncomplicated. 

Since levels of anesthesia may be altered 
easily and rapidly, only calibrated vapor- 
izers «nich measure output with reasonable 
accurscy should be used. Hypotension and 
respiratory exchange can serve as a guide 
to anesthesia depth. With deep levels of 
anesthesia, more marked hypotension and 
respiratory depression are encountered, 


The action of nondepolarizing relaxants 
is augmented by ETHRANE. Less than the 
usual amounts of these drugs should be 
used. The time for recovery from the 
myoneural effect of these relaxants is 
greater in the presence of ETHRANE than 
for otter commonly used anesthetics. 


The safety of the use of epinephrine 
topically and subcutaneously has not been 
established in man. 


Usage in Pregnancy: Safety in pregnancy 
has по! been established. Reproduction 
studies have been performed in rats and 
rabbits. and there is no evidence of harm 
to the animal fetus. The relevance of these 
Studies to the human is not known. Since 
there 15 no adequate experience in preg- 
nant women who have received the drug, 
safety in pregnancy has not been estab- 
lished 


Precautions: Bromsulfalein (BSP) reten- 
поп ts mildly elevated postoperatively in 
some cases. There is some elevation of 
glucose and white blood count intraopera- 
tively Glucose elevation should be con- 
Sidere2. in diabetic patients. ETHRANE 
(enflurane) should be used with caution in 
patients who by virtue of medical or drug 
history could be consicered more suscepli- 
ble tc»sortical stimulation produced by this 
drug. 45 with other general anesthetics and 
some muscle relaxants, hyperpyrexia has 
been observed with the use of ETHRANE. 


Adverse reactions: 1. Motor activity ex- 
empliled by movement of various muscle 
Group. and/or seizures may be encoun- 
tered with deep levels of ÉTHRANE (en- 
flurane| anesthesia. 2. Hypotension and 
respiratory depression have been reported. 
3. Awhythmias, shivering, nausea, and 
vomitiag have been reported. 4. Elevation 
of the white blood count has been ob- 
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served. It has not been determined whether 
this is related to ETHRANE or to surgical 
stress. 


Dosage and administration: The concentra- 
tion of ETHRANE (enflurane) being de- 
livered during anesthesia from a vaporizer 
should be known. This may be accom- 
plished by using: 
a) vaporizers calibrated specifically for 
ETHRANE; 
b) vaporizers from which delivered flows 
can easily and readily be calculated 
Maintenance concentration should not 
exceed 3%. Premedication should be se- 
lected according to the need of the indi- 
vidual patient, taking into account that 
secretions are weakly stimulated by 
ETHRANE and the heart rate remains con- 
stant. The use of anticholinergic drugs is 
a matter cf choice. 


Induction: Induction may be achieved us- 
ing ETHRANE alone with oxygen or in com- 
bination with oxygen-nitrous oxide mix- 
tures. Under these conditions some excite- 
ment may be encountered. If excitement is 
to be avoided, a hypnotic dose of a short- 
acting barbiturate should be used to in- 
duce unconsciousness, followed by the 
ETHRANE mixture. In general, inspired 
concentrations of 3.5-4 5% ETHRANE pro- 
duce surgical anesthesia in 7-10 minutes 


Maintenance: Surgical levels of anesthesia 
may be attained with 1.5-3.0% concentra- 
tion. If added relaxation is required, Sup- 
plemental doses of muscle relaxants may 
be used. Ventilation to maintain the ten- 
Sion of carbon dioxide in arterial blood in 
the 35-45 mm range is preferred to hyper- 
or hypoventilation in order to minimize pos- 
sible CNS excitation. 

The level of blood pressure during main- 
tenance is an inverse function of ETHRANE 
concentration in the absence of other com- 
plicating problems. Excessive decreases 
(unless related to hypovolemia) may be due 
to depth of anesthesia and in such in- 
Stances should be corrected by lightening 
the level of anesthesia. 


Overdosage: In the event of overdosage, 
or what may appear to be overdosage, the 
following action should be taken: 
Stop drug administration; establish that 
the airway is clear and initiate assisted 
or controlled ventilation with pure oxygen 
as circumstances dictate. 


Administration equipment: ETHRANE (en- 
flurane) may be administered from a flow- 
through type vaporizer manufactured and 
specifically calibrated for ETHRANE. Va- 
porizers which deliver saturated vapor at 
reasonable flows but are not specifically 
calibrated for ETHRANE may be used 


ETHRANE contains no stabilizer. Nothing 
is present in the agent to alter calibration 
or affect the operation characteristics of 
the vaporizer, 


Packaging: ETHRANE (enflurane) is pack- 
aged in 125 and 250 ml. amber bottles. No 
additives cr stabilizers are present 
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gation of Compound 347 (Ethrane). Anes- 
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юе" protects the vulnerable eye of the anesthetized patient. 
: under-protected eye is threatened during general anesthesia. Tape alone 
r patient's eye vulnerable to dehydration and corneal erosion. And with 
d ointments, you unnecessarily risk allergic reactions and possible long-te 
on. 
ri-Lube meets your need for a safer, more sophisticated method of prote« 
cating the eye. Either on its own or as an adjunct to taping. It's the first nc 
4, sterile ophthalmic ointment specifically designed to lubricate and prote 
] do nothing more. 
act, ophthalmologists have established Lacri-Lube as their lubricant-prote 
enever an eye is jeopardized by exposure or dehydration. And the rapid 
sical use indicates that Lacri-Lube fulfills the same need among anesthesie 
ri-Lube is the ophthalmic for anesthesia. : ез» ( 
en you consider the alternatives, ! ; 
make a better choice. 













rvine, CA 92664 
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jm, mineral oil, nonionic lanolin derivatives, chlorobutanol (chloral derivative as preservative) 0.5%. St 


Take the Excessive Anxiety. А nesthesi: 
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the anxiety that may complicate premedication, And, because it may enhance the effect of 
induction and recovery room emergence. injectable analgesics, requirements of narcotic 

It has no significant depressant effects on and nonnarcotic analgesics, such as meperidine, 
respiratory or circulatory function and often morphine sulfate and pentazocine, may 
reduces postoperative emesis. be reduced. 

Vital signs are seldom impaired. Involuntary Vistaril I.M. is physically compatible with 
motor activity, including rare instances of most commonly used analgesics, and can be 
tremor and convulsions, has been reported, mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 
of Vistaril I.M. is 100 mg. While the analgesic 


® 
- dosage needed will usually be reduced, the actual 
iS afi LM. dosage of Vistaril I.M. should 
° be titrated against the individual 
(hydroxyzine НСІ) patient's clinical response. LABORATORIES 


100 mg./2 ml., 50 mg./ ml. and 25 mg./ml. Vials and Isojects® DIVISION 


PFIZER INC. 
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(hydroxyzine НСІ) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* 





Calm 
Before Anesthesia... In Recovery 
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Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the Pregnant mouss, rat, and 


rabbit, induced fetal abnormalities in the rat at doses substantially above 


the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action o! central nervous 
System depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injectec well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 


MAN 


r- 
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In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in c 
to minimize the possibility of damage to the sciatic nerve. The deltoic 
area should be used only if well developed, such as in certain adults 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be mace in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular inject 
Adverse Reactions: Drowsiness may occur; if so, it is usually transit 
and may disappear in a few days of continued therapy or upon доѕас̧ 
reduction. Dryness of the mouth may occur with higher doses. Involt 
tary motor activity, including rare instances of tremor and convulsior 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI) Intramuscular Solution: 25 mg./m 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject®, 25 mg./ml. ar 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill, 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) / 
VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 mi. vial) 


More detailed professional information available on request. 
———— Naon available on request 


Gm» LABORATORIES DIVISION 
PFIZER INC. 





Electrosurgical 
burn hazard: 


Remedy: Ground 
the patient using 
the American Ҹә 
Electro-Surgical 
Grounding Pad 


system. 


~ 


When grounding a patient with a conventional 
metal dispersive plate, bony protuberances can 
create pressure points which result in uneven 
patient contact. Any pressure point can become the 
site of burn-inducing high current densities. 

The American Electro-Surgical Grounding Pad 
virtually eliminates the hazards associated with 
pressure points because it replaces patient-to-metal 
contact with a column of low impedance gel: This 
non-metal, non-pressure interface between patient 
and grounding device is efficient and reliable. 


And since the Grounding Pad does away with 
patient-to-metal contact, it eliminates many of the 
other hazards associated with metal grounding 
devices—hazards such as bent corners and 
irregularities in the conductive surface. 

The Grounding Pad is pregelled, self-adhering 
and disposable, so it is as convenient to use as 

it is reliable. 


Subject 
viewed 
through 
transparent 
plastic. 











In the few short years since its introduction, the 
American Electro-Surgical Grounding Pad system 
has been chosen over dispersive plates for more 
than 6,000,000 electrosurgical procedures. 

A clinical trial will demonstrate why. 

Please contact your American Hospital Supply or 
NDM representative for a clinical trial, including a 
total inservice, for your evaluation of the American 
Electro-Surgical Grounding Pad system. 


For a comprehensive booklet describing the 
Electro-Surgical Grounding Pad system, please 
write to: NDM Department D, 3040 East 
River Road, Dayton, Ohio 45439. 


ГГЇт\ Manutactured in U.S.A. by МОМ Corporation, Dayton, Ohio 45439 


assa тезу 


AMERICAN nosPiTAL SUPPLY 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION - белега Oces. 1450 Wautegan Road McGaw Par. 
TR GROUNDING PAD IS PROTECTED BY NOM CORP BY US 


AMERICAN 
HOSPITAL SUPPLY 





eos 60085 


“analog Number 65418-010 THE ELECTRO-SURGICAL PATENT 3 846 600 


Amerieansk O.R. Electrode System 
brings highest performance to 
your operating and recovery room 


ECG monitoring. 





So-called ‘‘all-purpose’’ electrodes are 
bound to have built-in compromises. 
That’s why American offers a full line 
of ECG monitoring electrodes, each 
designed for specific applications. 

The O.R. Electrode is engineered to 
answer the special needs of short term 
monitoring—in operating and recovery 
rooms—wherever electrode 
performance can’t be compromised. 


Pregelled and self-adhering, the O.R. 
Electrode is applied quickly and 






О реп cell foam contributes to 
high levels of patient comfort, 


Gel cup maintains a stable 
column of electrolyte; adhesion 
loss due to gel squeeze out is 
eliminated. 


Gel pad is saturated with the 
proper amount and type of low 
impedance gel to deliver im- 
mediate base line stability and 

ied high performance. 







Advanced cable and wire 
design provide a low noise 
long life system. 



























American's shielded patient 
cables are available for your 
present ECG monitoring 
equipment, regardless of make 
or model. 


delivers a strong signal with immediate A clinical trial will show why 


base line stability. 


The ge! cup prevents adhesion loss 
due to gel squeeze out. The mild 
electrolyte and soft foam construction 
virtually eliminate patient discomfort. 


Best of all, this advanced electrode is 
fully compatible with your present 
ECG equipment. With the appropriate 
American leadwire and cable, you can 
enjoy the reliability of an electrode 


system built with one purpose in mind: 


To bring the highest ECG monitoring 
performance to your operating and 
recovery rooms. 


American's O.R. Electrode system is 
the logical choice for your short term 
monitoring requirements. 


Please contact your American Hospital 
Supply or NDM representative to 
arrange a no obligation clinical trial, 
including a total inservice for your 
staff. American will supply electrodes, 
leadwires and cables to adapt to your 
present monitoring units during the 
trial period. 


гт Manufactured in U.S A by МОМ Corporation, Dayton. Ohio 45439 
Available through 


AMERICAN wosprra, surety 


The O.R Electrode is protected by NOM Corp by the following U S Patents. 3696807 370! 





i6. 3713435, 3820531 
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Hyper-Hypothermia System 






SAME BIG VALUE 
NEW SMALL PACKAGE 


Simple two step operation $ = 


Accurate and dependable 
performance 

Exclusive safety features 
Field serviceable 


throughout 
the world. 


CINCINNATI 


SUB?ZERO ., 


PRODUCTS INC. 
2612 Gilbert Avenue, Cincinnati, Ohio у. 


Send for name of your 
BLANKETROL Dealer 


The new standard in patient care 


Prism Laryngoscope, de- 
signed to simplify difficult 
intubations. Enables insertion 
of an endotrocheal tube with 
an unobstructed line of vision. Ё 
Packaged sterile and com- %& 





Laryngeal mirror attachment 
for 006 penlight. Use for 
viewing posterior pharynx and 
larynx when anesthetizing 
prior to bronchoscopy. 
Packaged 10 per box. 

plete with reusable light Ф Cat. No. 1506 

Cat. No. 9041 includes sterile prism 1-11 boxes $4.25 each 
Laryngoscope and Laryngolite, Pack/3 $15.50 12 + boxes $4.00 each 
Cat. No. 9040 Laryngoscope blades only, 
sterile, Box/10 $29.50 

Cat. No. 1022 Laryngolite, designed to provide 


illumination for Cat. No. 9040, sterile, Box/10 release Excellent for 
$29.00 grabbing" and holding tongue SE 
forward in either emergency or 
routine anesthesia use. 
= Disposable 


Flexi-Lum, box of three lighted, flexible Cat. Мо. 9000, BOX 150 $15.75 

intubation stylettes. High intensity, laryngo- Doctor's Six Pak, high- 

scope bulb on tip of 10" flexible shaft. Two intensity, non-flickering beam, 
long-lasting AA alkaline batteries with on-off J six lights per pack. Batteries 
backswitch. Reliable, non-flickering ) not replaceable. 
performance until batteries are depleted Cat. No. 1006 


Excellent for intubation guidelight, emergency T 1-2 Six Paks, $7.00 each 
anesthesia light or blind intubation procedures L r 3-5 Six Paks, $6.50 each 





Tongue Clamp, patented self- 
locking ratchet with quick thumb 






Cat. No. 3034, 10" flexible shaft, Pack/3 $31.02 6 + Six Paks, $6.00 each 


We put ideas to work. If not available from your dealer, order 
її] 12707 US. Highway 19 South direct from Concept, Inc. 
Cl ter, Florid 16 . 
а Florida residents add 4% sales tax. 
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David Clark Company, Medi- 
cal Products Division, have a 
new medical anti-shock trouser 
for pre-hospital trauma treat- 
ment. Application of external cir- 
cumferential pressure results in 
the autotransfusion of pooled ve- 
nous blood from below the dia- 
phragm, and, it is claimed, re- 
duces the volume returned to the 
lower extremities. 








А new fully automatic clinical blood pres- 
sure machine with digital readouts for blood 
pressure and heart rate has been developed 
by Med Data, Inc., Madison, Wisconsin. 


Designated the MDI-410, the device is 
stated to have the accuracy of 3 millimeters 
of mercury, and can be operated in a man- 
ual or automatic cycle mode. Both digital 
and analog outputs are available for con- 
nection to a computer or chart recorder for 
data logging. 


A unique electronic circuit simulates the threshold discrimination capabilities of the 
human ear. 'The sounds are detected in the cuff around the subject's arm, by a special 
microphone, and sent to electronic circuits for processing. A small computer analyzes the 
sounds and the time between them to verify that they are truly Korotkoff sounds. 


/ 
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The Bartlett-Edwards Incentive Spirom- 
eter, designed to encourage voluntary sus- 
tained maximal inspiration, is now available 
from McGaw Laboratories, Irvine, Califor- 
nia. 


The Spirometer encourages inhaling to 
the maximum lung volume without the swal- 
lowing of air. Also, the airway/pleural pres- 
sure gradients favor complete alveolar in- 
flation. 


Patient discomfort is minimal and cardiac 
output is not decreased. The patient's num- 
ber of inspirations is recorded automatically 
on the unit's indicator. 
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Gaymar Industries, Orchard Park, New 
York, present 'The Adler Rebreather, which 
stimulates deep breathing, by increasing the 
respiratory tract dead space, causing tem- 
porary increase in blood CO. when used for 
3-5 minutes each hour. It utilizes the estab- 
lished principle of a 1,000 ml dead space 
incorporated into a compact easily handled 
unit. 





(97) 


Cavitron/ KDC Medical Sales, Anaheim, 
California, announces the development of 
their new Cavitron PV-10 Neonatal/Pedi- 
atric Transport Ventilator offering conveni- 
ence and simplicity of operation (only 7 
controls), as well as all functions necessary 
to furnish complete respiratory support for 
the neonatal/pediatric patient, including 
IMV, PEEP, CPAP, COAD, and IPPB. 
Calibrated inspiratory and expiratory time 
controls facilitate the use of a broad range 
of I:E ratios, and variable flow rates further 
facilitate their application. 
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Ohio Medical Products, Madison, Wis- 
consin, has available the AIR-VAC Ттапз- 
port Incubator—a self-sustaining incubator 
capable of providing intensive care trans- 
portation for the premature and critically-ill 
newborn. One of the primary requirements 
of the transport incubator is the ability to 
convey an infant in complete safety under 
what mode of transportation is necessitated 
—air, helicopter, or ambulance. 


'The AIR-VAC Transport Incubator meets 
the requirements of the Safe Current Limits 
Standard of the Association for the Ad- 
vancement of Medical Instrumentation in 
regard to leakage current. 


The AIR-VAC Transport Incubator is 
capable of operating from any one of four 
sources of electrical power: 12 Volt DC 
(automotive), 24 Volt DC (aireraft), 120 
Volt AC 50-400 Hz (wall outlet, helicopter 
or aircraft) or its own 12 Volt DC Battery 
Pak. (A model designed for 220/240 Volt, 
50-400 Hz is available for foreign markets.) 
Heat is thermostatically controlled, and 
filtered air is humidified to the 40-60% 
comfort range from the humidity reservoir 
with disposable sponge. 


ANESTHESIA and ANALGESIA . . . Current Researches 


Puritan-Bennett Corporation announces 
availability of REMAC,® a new portable 
micro-computerized lung function testing 
system. 


It is claimed that REMAC instantly and 
accurately senses, computes and displays 
test results for more than ten commonly 
measured pulmonary function parameters 
(including nitrogen washout, flow volume 
loops and MVV) and may be expanded to 
measure future additional parameters. 
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» Тһе MONOJECT Sterile *Mini" Con- 
tinuous Epidural Anesthesia Kit from Sher- 
wood Medical Industries, St. Louis, Mis- 
souri, features the MONOJECT Hustead 
Needle with a point designed to accurately 
direct the catheter into the epidural space. 


The new MONOJECT kit includes a 
radiopaque Teflon catheter with an exclu- 
sive luer lock tube connector to replace the 
blunt needle usually used to link the cath- 
eter to the syringe containing anesthetic. 
The connector eliminates splitting of the 
catheter that sometimes occurs with a blunt 
needle, and has a clear hub to allow an 
aspiration test for blood to assure correct 
catheter placement. 


The catheter has five cm graduations 
from the distal end, and the tip is marked 
with a zero to give the user a positive check 
for complete catheter removal. The cap from 
the luer lock tip connector serves as a luer 
lock plug in continuous administration pro- 
cedures. 





Ж * * 


Ohio Medical Products, Madison, Wis- 
consin, has introduced the Model 720 Ni- 
trogen Gas Analyzer with a specially de- 
signed remote sample head. 


This new Ohio pulmonary function instru- 
ment incorporates a miniaturized gas spec- 
trometer with computer-type linearization 
circuits to provide usable output signals. An 
illuminated digital display provides the op- 
erator with direct readout of nitrogen con- 
centration to one decimal place with a read- 
out accuracy of 0.1%. 


The remote sample head, which is placed 
near the patient’s mouth, continuously 
draws samples of gas entering and leaving 
the patient’s mouth. Minimum dead space 
and maximum structural solidarity assure 
rapid response and repeatable test results. 
Absolute linearity over an operating range 
of nitrogen concentration from 2% to 85% 
is provided through specially designed cir- 
cuitry in the solid state electronics. 





* * * 


The report, “Development and Evaluation of Methods for the Elimination of Waste 
Anesthetic Gases and Vapors in Hospitals,” outlines effective control procedures for 
eliminating waste anesthetic gases in operating rooms. 


This publication, GPO Stock Number 017-033-00071, is available from the Superin- 
tendent of Documents, US Government Printing Office, Washington DC 20402. The cost 
is $2.15 each. 
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Robertshaw Controls Company, Anaheim, Califor- 
nia, announces a new flow selecior valve with certain 
advantages over the commonly used flow meter. It does 


not have to be mounted vertically but will function Ses 5 
accurately іп any position. Any of the five flow selec- ыо улгу о" 
tions can be dialed easily and quickly. wu st мо o a 


4? so esi? 





Ж * * 


Tektronix*, Beaverton, Oregon, has a new 
414 portable patient monitor, featuring digi- 
tal display of heart rate, systolic/diastolic 
blood pressures, mean blood pressure and 
temperature, which increases the monitor- 
ing capability of anesthesiologists in the 
operating room and recovery room. The 414 
also gives dual-trace crt display of ECG 
and blood pressure or peripheral pulse. 


Since it can measure mean, as well as 
arterial, venous, and pulmonary wedge pres- 
sures, the 414 adds more complex applica- 
tions, such as cardiac catheterization, to the 
realm of portable monitors. Digital readout 
enhances both accuracy and convenience of 
measurements. 


It also features pulse pressure and heart 
rate alarms, selectable pressure ranges and 
sweep speeds, and internal battery pack for 
cordless operation. 
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RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit 4168 are supplied six to a box with 
adaptor top and metal base. Illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ScuuEemnnri 
ox. aboratories, Gne. 


480 WEST AURORA ROAD • NORTHFIELD, OHIO 44067 | І - SL-45 





Nos. 151, 152,16 | 


with RALS Power Adaptor No. 18 # 
Pressure control of atomizer ove 








212-978-6900 516-546-5511 
800-645-2059 


|. А. В. S. 
50th CONGRESS 


MARCH 14-18, 1976 MEDICAL MANAGEMENT CO. 


A National Organization — Established 1946 


CAESARS PALACE 
LAS VEGAS, NEVADA 


COLLECTIONS * DATA PROCESSING 
e MANAGEMENT e 


All Third Party Claims Processed 
Get the Anesthesia Spirit of '76 


Plan Now to Attend 


Home Office 
76 Pine Street Freeport, N.Y. 11520 
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Classified Advertising 





PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 
Childrens Hospital of Los Angeles 
Three-phase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infant: and chil- 
dren. 
AMA approval for third-year residency. Posi- 
tions available from two months to one year. 
Apply: George B. Lewis, Jr., M.D. 
Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 
Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 


APPROVED THREE-YEAR 
ANESTHESIOLOGY RESIDENCY 
Available July 1, 1976, in 620-bed, active gen- 
eral hospital, pain clinie, over 12,000 anesthet- 
ic procedures annually. Training in all phases 
of anesthesiology and resuscitation including 
modern recovery unit, acute cardiopulmonary 
medicine, computer sciences (if requested) and 
clinical research, coronary care, intensive care 
facility and neonatal unit. Special emphasis 
placed upon regional and conduction anesthe- 
sia. First year annual stipend $9,450 plus 
maintenance and modern apartments close to 
hospital. Apply for further particulars to: 
P. C. Lund, M.D., Director, Department of 
Anesthesiology, Conemaugh Valley Memorial 

Hospital, Johnstown, Pennsylvania 15905. 





ANESTHESIOLOGY—66-man medical group 
located next to modern, accredited 480-bed hos- 
pital seeks Board Certified anesthesiologist to 
join two associates. Located in upper midwest 
university metropolitan area of 105,000; 35 
minutes from superb clean lake region; asso- 
ciated with four-year medical school, teaching 
opportunities available; salary open; all spe- 
cialties represented; will pay travel expenses 
for physician and spouse for interview. Write 
Box 11-75-A in care of I.A.R.S. 





FACULTY POSITIONS 


Department of Anesthesiology, Charity Hos- 
pital, New Orleans, affiliated with LSU and 
Tulane Medical Schools, has three faculty posi- 
tions open for board certified/eligible anesthe- 
siologists at  Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 





CARDIAC ANESTHESIOLOGY 
FELLOWSHIP 

Applications are invited for the period of July 
1976 to June 1977 as a third year of anesthesi- 
ology training at the Health Center of the 
University of Pittsburgh. The successful appli- 
cant will become a team member in the provi- 
sion of anesthesia and life support for patients 
undergoing open heart surgery and will have 
ample opportunity to pursue research interests 
at the clinical and laboratory level. For further 
details apply to: 


Malcolm D. Orr, M.B., B.S., Ph.D. 

Director of Cardiovascular Anesthesia 

Department of Anesthesiology and Critical 
Care Medicine 

University of Pittsburgh 

Pittsburgh, Pennsylvania 15213 


CHIEF OF ANESTHESIA—Opportunity for 
developing exclusive anesthesia group services 


| and educational programs for 480-bed JCAH 
| hospital with teaching program and university 


affils. In West Georgia city of 250,000 approx. 
90 miles near Atlanta. Arrangements nego- 
tiable. Write Box 11-75-B in саге of I.A.R.S. 


WANTED IMMEDIATELY — Full-time and 
part-time Anesthesiologists for positions at 
small private hospital in Queens, N.Y. Salary 
competitive. Contact Box 11-75-C in care of 
LA.R.S. 





Rates for classified advertising wre $3.00 per line, minimum 5 lines. Box number ads $3.50 
per line. Classified Display rates on request. Copy deadline 6 weeks prior to publication. Do 


not submit payment with order; invoices will be sent for payment prior to publication. 


Ad 


copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
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PAVULON 


pancuronium bromide 





An unusually fast-acting 


nondepolarizing blocking agen: '5 


PAVULON 


pancuronium bromide 





for many patients for many reasons 


in pediatric 
surgery^" 


Pavulon* has been used with 
satisfactory results in pedi- 
atric patients undergoing 
elective surgery", abdominal 
surgery’ and cardiovascular 
surgery?. Dose response 
studies indicate that, except 
for neonates, dosage is the 
same as for adults. In neo- 
nates, atestdose of 0.02 mg/ 
kg is recommended to de- 
termine responsiveness. 





in geriatric 
surgery" 


Pavulon® can be considered 
a preferred relaxant for ma- 
jor surgical procedures in 
the aged patient because of 
the relative absence of sig- 
nificant side effects. 





in the high 
risk patient?’ 8 


Pavulon® is often preferred 
for poor risk patients5.14.16 
especially those with asthma 
or chronic bronchitis2 14.16.17, 
cardiovascular діѕеаѕе“: 5.16. 
'* and patients undergoing 
abdominal, thoracic or other 
major surgery?5, including 
open heart surgery!*. Cau- 
tion should be exercised, 
however, in the presence of 
renal disease since a major 
portion of the administered 
drug is excreted unchanged 
in the urine. 


PAVULON” (pancuronium bromide) 










THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
el TS ACTIONS, CHARACTERISTICS, AND HAZARDS 


DESCRIPTION: Pavulon (pancuronium bromide) is the aminoster- 
oid 2 beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17 
beta-diol diacetate dimethobromide. It has the following structural 
formula: 


OOC.CH, 





ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking 
agen! possessing all of the characteristic pharmacological actions 
of this class of drugs (curaritorm) on the myoneural junction 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent 
With the administration of 0.04 mg. per kg. the onset of action, as 
measured by a peripheral nerve stimulator, is usually within 45 
seconds, and its peak effect is usually within 47 minutes; recovery 
to 9096 of control twitch height usually takes place in less than one 
hour. Larger doses, more suitable for endotracheal intubation, 
such as 0.08 mg. per kg. of Pavulon have an onset of action of 
about 30 seconds, and a peak effect within 3 minutes. Supplemen- 
tal incremental doses of Pavulon, following the initial dose, slightly 
increase the magnitude of blockade, and significantly increase the 
duration of the blockade 

Pavulon has little effect upon the circulatory system. The most 
Trequenty reported observation is a slight rise in pulse rate 

uman histamine assays, and clinical observations, as well as in 
vivo guinea pig tosing, and in vitro mast cell testing, indicate that 
histamine release rarely, if ever, occurs 

Pavulon is antagonized by acetylcholine, anticholinesterases, 
and potassium ion. Its action is increased by inhalational anesthet- 
ics such as halothane, diethyl ether, and methoxyflurane, as well as 
quinine, magnesium salts, hypokalemia, some carcinomas, and 
certain antibiotics such as neomycin, streptomycin, kanamycin, 
and bacitracin. The action of Pavulon may be altered by dehydra- 
tion, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents 

Pavulon has no known effect on consciousness, the pain 
threshold, or cerebration 


INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may also be employed to 
facilitate the management of patients undergoing mechanical 
ventilation. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ion 
WARNINGS: PAVULON SHOULD BE ADMINISTERED IN 
CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS, WHO ARE FAMIL- 
IAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS 
THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD 
NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of Pavulon 
in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide 
has not been established with respect to the possible adverse 
effects upon fetal development. Therefore, it should not be used in 
women of childbearing potential and particularly during early 

regnancy unless in the judgment of the physician the potential 
Боген outweigh the unknown hazards. There аге insufficient data 
to support safe use of Pavulon in Obstetrics, so such use is not 
recommended. 


PRECAUTIONS: Although Pavulon has been used successfully in 
many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of adminis- 
tered Pavulon is excreted unchanged in the urine 


ADVERSE REACTIONS: Neuromuscular: The most frequently not- 
ed adverse reactions consist primarily of an extension of the drug's 
pharmacological actions beyond the time period needed for sur- 
gery and anesthesia. This may vary from skeletal muscle weakness 
to profound and prolonged skeletal muscle relaxation resulting in 
respiratory insufficiency or apnea Inadequate reversal of the 
neuromuscular blockade by anticholinesterase agents has also 
been observed with Pavulon (pancuronium bromide) as with all 
curariform drugs. These adverse reactions are managed by manual 
or mechanical ventilation until recovery is judged adequate 

Cardiovascular. A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is use! 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon 

Respiratory: One case of wheezing, responding to deepening of 
the inhalational anesthetic, has been reported 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent volatile 
inhalational anesthetics such as halothane, diethyl ether, enflur- 
ane, and methoxyflurane. No increase in intensity of blockade or 
duration of action of Pavulon is noted from the use of thiobarbitu- 
rates, narcotic analgesics, nitrous oxide, or droperidol 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinylcholine is used before 
Pavulon, the administration of Pavulon should be delayed until the 
succinylcholine shows signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. The dosage 
information which follows has been derived from dose-response 
studies based on роду weight and is intended to serve as a guide 
only. Since potent inhalational agents or prior administration of 
succinylcholine enhance the intensity of blockade and duration 
of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental 
dosage 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. 
per kg. Later incremental doses starting at 0.01 mg. per kg. may be 
used. These increments slightly increase the magnitude of the 
blockade, and significantly increase the duration of blockade, 
because a significant number of myoneural junctions are still 
blocked when there is clinical need for more drug. 

If Pavulon is used to provide skeletal muscie relaxation for 
endotracheal intubation, doses of 0.06 to 0.1 mg. per kg. are 
recommended. Conditions satisfactory for intubation are usually 
present within 2 to 3 minutes. The ability of the anesthetist to 
intubate with Pavulon (pancuronium bromide) improves with expe- 
rience 

Dosage in Children; Dose-response studies in children indicate 
that, with the exception of neonates, dosage requirements are the 
same as for adults. Neonates are especially sensitive to non- 
жеш neuromuscular blocking agents, such as Pavulon, 
during the first month of life. It is recommended that a test dose of 
0.02 mg. per kg. be given first in this group to measure responsive- 
ness 


MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCK- 
ADE: Residual neuromuscular blockade beyond the time period 
needed for surgery and anesthesia may occur with Pavulon as with 
other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, iow tidal volume 
or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade. Under such circum- 
stances the primary treatment is manual or mechanical ventilation 
and maintenance of a patent airway until complete recovery of 
normal respiration is assured. Regonol® (pyridostigmine bromide) 
or neostigmine, in conjunction with atropine, will usually antago- 
nize the skeletal muscle relaxant action of Pavulon. These should 
be accompanied by or preceded by injection of atropine sulfate to 
minimize the incidence of cholinergic side effects, notably exces- 
sive secretions and bradycardia. Satisfactory reversal can be 
judged by adequacy of skeletal muscle tone, and by adequacy of 
respiration. A peripheral nerve stimulator may also be used to 
monitor restoration of twitch height. Failure of prompt reversal 
(within 30 minutes) may occur in the presence of extreme debilita- 
tion, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which 
enhance neuromuscular blockade or cause respiratory depression 
of their own. Under such circumstances the management is the 
same as that of prolonged neuromuscular blockade; ventilation 
must be supported by artificial means until the patient has resumed 
control of his respiration. Prior to the use of reversal agents, 
reference to the specific package insert of the reversal agents 
should be made 


CAUTION: Federal law prohibits dispensing without prescription 


HOW SUPPLIED: 
2 ml. ampuls—2 mg. /ml.—box of 25 
5 mi. ampuls—2 mg./ml.—box of 25 
10 ml. multiple dose vials—1 mg. /ml.—box of 25 
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These soft, pliable blood pressure cuffs are ideal for use | 





on newborns and infants. Incorporating a Latex bladder, 
minimizing any chances for skin irritation, and Silicon 
wrap-around with 12-inch inflating tube. They are secured by 


the Velcro hook and pile method, with no eyes to hook nor DUPACO 
ends to tuck in. They are instantly peeled apart for easy INCORPORATED 
removal. P.O. Box 98, 


San Marcos, CA 92069 
Cuffs are available in two sizes: 


22080 - 1% x 5" (new born) 
22081 - 2% x 6" (infant) 


For additional information write for brochure number 27. 
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» As an adjunct to general anesthesia 

› Asa supplement to regional 
anesthesia 

* Used without a general anesthetic 

v in certain diagnostic procedures 


INNOVAR” injection is available for use only upon direc- 


tion of a physician 













10-2 C. AMPULs 


INNOV 


NOV к ] 
NDC 0045.0280.20 (C. 


FOR INTRAVE 
ШҮҮ: 






Each cc CC. contains 
Fentanyl... - 05 mg 


as the citrate Usual 
Warning—May be habit forming For dosage and other infor- 
BEER 25mg malio 
Lactic acid for pH adjustment sr =e 





to 3.5 + 0.3 


Special educational material available 

A Programmed Instruction Manual on the chem- 
istry, pharmacology and clinical applications of 
INNOVAR injection and its components is avail- 
able from McNeil Laboratories. For further infor- 
mation, please write: Medical Dept., McNeil 
Laboratories, Inc., Fort Washington, Pa. 19034, 


© McN 1975 


Attn: Robert T. McSherry, M.D. 


For prescribing information including Contraindications, Warnings, Precautions and Adverse Reactions, please turn page 


Innovar” injection (7 


The two components of INNOVAR® injection, fentanyl and 
droperidol, have different pharmacologic actions. Before administering 


INNOVAR injection, the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of 
action. 


DESCRIPTION 


Each cc. contains (in a 1:50 ratio): 


BONA она eni ntes or Po S PO OE cn dv Ct anra нен 0.05 mg. 


. 2.5 mg. 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Protect from Light 


ACTIONS INNOVAR injection is a combination drug contaming a narcotic 
analgesic, fentanyl, and a neuroleptic (major tranquilizer), droperidol. The 
combined effect, sometimes referred to as neuroleptanalgesia. 15 characterized 
by general quiescence, reduced motor activity, and profound analgesia: complete 
loss of consciousness usually does not occur from use of INNOVAR injection 
alone. The incidence of early postoperative pain and emesis may be reduced. 
A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those 
of morphine and meperidine. Fentanyl in a dose of 0.1 mg. (2.0 cc.) is 
approximately equivalent in analgesic activity to 10 mg. of morphine or 75 
mg. of meperidine. The principal actions of therapeutic value are analgesia 
and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics, may last longer than the analgesic 
effect. As the dose of narcotic is increased, the decrease in pulmonary 
exchange becomes greater. Large doses may produce apnea. Fentanyl 
Spears to have less emetic activity than other narcotic analgesics. 
Istamine assays, and skin wheal testing in man, as well asin vivo testing in 

dogs indicate that histamine release rarely occurs with fentanyl. 


Fentanyl may cause muscle rigidity. particularly involving the muscles of 
respiration. It may also produce other signs and symptoms characteristic 
of narcotic analgesics including euphoria, miosis, bradycardia, and 
bronchoconstriction. 





The onset of action of fentanyl is almost immediate when the drug is given 
intravenously; however, maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The average duration of action 
of the analgesic effect is 30 to 60 minutes. Following intramuscular 
administration, the onset of action is from seven to eight minutes, and the 
duration of action is from one to two hours. Although the duration of the 
respiratory depressant effect is unknown, as with other narcotic analgesics, 
it may be considerably longer than the analgesic effect 


B. Droperidol produces marked tranquilization and sedation. 1t also produces 
an antiemetic effect as evidenced by the antagonism of apomorphine in 
dogs. It potentiates other CNS depressants. It also produces mild alpha 
adrenergic blockade, peripheral vascular dilatation and reduction of the 
pressor effect of epinephrine. Droperidol can produce hypotension and 
decreased peripheral vascular resistance. It may decrease pulmonary 
arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other 
cardiac arrhythmias. The onset of action is from three to ten minutes 
following intravenous or intramuscular administration The full effect. 
however, may not be apparent for 30 minutes. The duration of the sedative 
and tranquilizing effects generally is two to four hours. Alteration of 
consciousness may persist as long as 12 hours. This is in contrast to the 
much shorter duration of action of fentanyl. 


INDICATIONS INNOVAR injection is indicated to produce tranquilization 
and analgesia for surgical and diagnostic procedures. It may be used as an 
anesthetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE* (fentanyl) injection alone rather than the 
combination drug INNOVAR injection should usually be used. 


CONTRAINDICATIONS INNOVAR injection should not beused in patients 
who are hypersensitive to either component. 


WARNINGS PATIENTS WHO HAVE RECEIVED INNOVAR INJEC- 
TION SHOULD BF UNDER APPROPRIATE SURVEILLANCE. 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST 
SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 


The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INNOVAR injection, the total dose 
of all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used initially in reduced doses, 
as low as 1/4 to 1/3 those usually recommended. 


INNOVAR injection may cause muscle rigidity, particulariw involving the 
muscles of respiration. This effect is due to the fentanyl c omponent and is related 
to the speed of injection. Its incidence can be reduced by the use of slow 
intravenous injection. Once the effect occurs itis managed by the use of assisted 
or controlled respiration and by a neuromuscular bloc king drug, if necessary 
FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPO- 
TENSION SHOULD ALSO BE AVAILABLE. 


Drug Dependence: Fentanyl, the narcotic analgesic component, ean produce drug 
dependence of the morphine type and therefore has the potential for being 
abused. 


Severe and unpredictable potentiation by MAO inhibitors has been reported with 
narcotic analgesics. Since the safety of fentanyl, in this regard, hus not been estab- 
lished, the use of INNOVAR injection or SUBLIMAZE fentanyl in patients 
who have received MAO inhibitors within 14 days is not recommended. 


Head Injuries and Increased Intracranial Pressure: INNOV AR in ection should be 
used with caution in patients who may be particularly susceptible to respiratory 
depression such as comatose patients who may have a head injury or brain tumor 
In addition, these drugs may obscure the clinical course of patients with head 
injury. 

Usage in Children: The safety of INNOVAR injection in children two years of age 
or younger has not been established. 








Usage in Pregnancy: The safe use of INNOVAR injection has not bee 
established with respect to possible adverse effects upon fetal developmen 


Therefore, it should be used in women of childbearing potential only when, in tl 
judgment of the physician, the potential benefits outweigh the possible hazard 
There are insufficient data regarding placental transfer and fal effect 
therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS  7/e initial dose of INNOVAR injection should be appropric 
Iv reduced in elderly, debilitated and other poor risk patients. The effect of ti 
initial dose should be considered in determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anesthesia and sor 
pericural anesthetics, can alter respiration by blocking intercostal nerves, and c 
cause peripheral vasodilatation and hypotension because of sympathet 
blockade. Through other mechanisms (see Actions) fentanyl and droperidol al: 
depress respiration and blood pressure. Therefore, when INNOVAR injection 
uscd to supplement these forms of anesthesia, the anesthetist must be famili 
with the physiological alterations involved, and be prepared to manage them 
the patients selected for this form of anesthesia. 


The droperidol component of INNOVAR injection may decrease pulmonai 
arterial pressure. This fact should be considered by those who conduct diagnost 
or surgical procedures where interpretation of pulmonary arterial pressui 
measurements might determine final management of the patient. 


Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE fentanyl, should be used with cautio 
in patients with chronic obstructive pulmonary disease, patients with decrease 
respiratory reserve, and others with potentially compromised ventilation. In suc 
patients narcotics may additionally decrease respiratory drive and increa: 
airway resistance. During anesthesia this can be managed by assisted с 
controlled respiration Postoperatively respiratory depression caused b 
narcotic analgesics can be reversed by narcotic antagonists (levallorphai 
nalorphine, and naloxone): consult individual prescribing information befoi 
using. 


Other CNS depressant drugs (e.g. barbiturates, tran uilizers, narcotics, an 
general anesthetics) have additive or potentiating effects with INNOVA 
injection. When patients have received such drugs, the dose of INNOVA 
injection required will be less than usual. Likewise. following the administratio 
of INNOVAR injection the dose of other CNS depressant drugs should b 
reduced. 


INNOVAR injection should be administered with caution to patients with live 
and kidney dysfunction because of the importance of these organs in th 
metabolism and excretion of drugs. 


If hypotension occurs, the possibility of hypovolemia should be considered ani 
managed with appropriate parenteral fluid therapy. Repositioning the patient t 
improve venous return to the heart should be considered when operativ 
conditions permit. It should be noted that in spinal and peridural anesthesia 
tilting the patient into a head down position may result in a higher level o 
anesthesia than is desirable, as well as impair venous return to the heart. Cart 
should be exercised in the moving and positioning of patients because of tht 
possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration o 
pressor agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 


The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring. it may be found that the 
EEG pattern returns to normal slowly. 


ADVERSE REACTIONS The most common serious adverse reactions reportec 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension; if these remain untreated, respiratory arrest, 
circulatory depression or cardiac arrest could occur, 

Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have beer 
observed up to 24 hours postoperatively. When they occur, extrapyramidal 
symptoms can usually be controlled with anti- parkinson agents. 


Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, hyperactivity on induction, laryngospasm, 
transient hypertension, nausea and emesis, diaphoresis, emergence delirium, 
and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 


Postoperative drowsiness is also frequently reported. 


OVERDOSAGE Manifestations: The manifestations of INNOVAR injection 
overdosage are an extension of its pharmacologic actions. 


Treatment: |n the presence of hypoventilation or apnea, oxygen should be 
administered and respiration should be assisted or controlled as indicated. A 
patent airway must be maintained; an oropharyngeal airway or endotracheal tube 
might be indicated. If depressed respiration is associated with muscular rigidity, 
an intravenous neuromuscular blocking agent might be required to facilitate 
assisted or controlled respiration. The patient should be carefully observed for 24 
hours; body warmth and adequate fluid intake should be maintained. If 
hypotension occurs and is severe or persists, the possibility of hypovolemia 
should be considered. A specific narcotic antagonist such as nalorphine, 
levallorphan or naloxone should be available for use as indicated to manage 
respiratory depression caused by the narcotic component fentanyl. This does not 
preclude the use of more immediate countermeasures. Consult the package 
inserts for the individual narcotic antagonists for details about use. 


HOW SUPPLIED INNOVAR" injection is supplied in 2 cc. (NDC 0045-0280- 
20) and 5 cc. (NDC 0045-0280-50) ampuls, in packages of 10. 


IMPORTANT: Complete dosage information is available in insert which ай 
panies each package (or on request). The drug is available only upon direction of a 
physician. 


U.S. Patent No. 3,141,823 974 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 


VOLUME 55, No. 1, JANUARY-FEBRUARY, 1976 


INDEX OF ADVERTISERS 


Air Products and Chemicals, Inc. (19), (20), (21), (22), (23), (24) 


Air Products and Chemicals, Inc.—Laryngoscope Blades M ENS (72) 
Allergan Pharmaceuticals—Lacr;-Lube? | EY (49) 
American Optical, Medical Division—Fzber Optic Laryngoscope |... (6), (7) 
Applied Medical Research Corporation—Blood Pressure Monitor (45) 
Ayerst Laboratories—F/zuotbane^ 2 (10), (11), (12) 
Burroughs Wellcome Co.—Anectine® = (16), (17) 
Cincinnati Sub-Zero Products, Inc.—Blanketrol E (55) 
Concept, Inc.—Anesthesia Products |... : (55) 
Diamed Division, Illinois Tool Works— 

An-Trol™) Anesthesia Circle System | (36) 
Dupaco, Inc.—Anesthesia Apparatus - (37) 
Dupaco, Inc.—Blood Pressure Cuffs ERN: oer (66) 
J. H. Emerson Company—IMV Ventilator (13) 
Halocarbon Laboratories, Inc.—Halothane Gas (70), (71) 
Harris-Lake, Inc.—^Mar£& 14 Wright Respirometer | (2) 
McNeil Laboratories, Inc.—1I»2:evar^ Е 2222067), (68) 
McNeil Laboratories, Inc.—Swblimaze" — (26), (27), (28) 
Medical and Industrial Equipment Div., Claudius Ash, Inc.— 

Jackson-Rees T-Piece TRE (15) 
Medical Management Company— Management Services Eu. (61) 
Medsonics, Inc.—Versatoue ™) Doppler . ORC EP (33) 
National Catheter Corp.—Catheters |... TD: (8), (9) 
МОМ Corporation—Grounding Pad and O.R. Electrode System —___ (53), (54) 
North American Drager—Anesthesia Products = — (29) 
Ohio Medical Products—Dzsposable Anesthesia Circuits — — < < —— (38), (39) 
Ohio Medical Products—Disposable Endotracbeal Tubes dus re (14) 
Ohio Medical Products—Ethrane® — — memes (46), (47), (48) 
O'Neal, Jones & Feldman, Inc..—Antilirium anh a IEAA Se е (30) 
Organon, Inc.—Pavulon® 663), (64), (65) 
Pfizer Laboratories—Vistaril® I.M. |. 1. зс: (50), (51), (52) 
A. Н. Robins Co., Inc.—Dopram^ —_. pee Met oct terc (GH) (Ээ) 
Schuemann Labs (Rals Div.) —Rals Power Unit - ares a eae (61) 
Tektronix, Inc.—Portable Patient Monitor (18) 


Winthrop Laboratories—Talwin® Parenteral 0 —— (31), (32) 


(69) 


When halothane is tle 
anesthetic of choice... 


Now you have a choice of 
halothanes - 


A HIGH PURITY HALOTHANE is now available ! C. (Ayerst ) + Halothane • Lot 1 GSM 
direct from an experienced producer. For over four 
years our Canadian subsidiary has been producing Impurities 
and distributing halothane in Canada, Australia, Italy, 
France, Denmark and elsewhere overseas. For almost 
two years American military hospitals have been 
using our halothane, and currently members of many 
major U.S. hospital purchasing groups have switched 
to Halocarbon halothane. 


Halothane is one of the purest organic compounds 
made commercially. But a high sensitivity gas chro- 





matograph can draw a graph from which the identity КИН АН, 
and amount of impurities can be determined. Typical Los. i 


analyses for the Halocarbon and the ICI (Ayerst) 
products are shown on the right. 


Both products are well over 99.99% pure and con- 
tain impurities at the ppm level that would be non- батта S 
toxic at concentrations 10,000 times higher. (1,2) on 


Injection "oc 
temp 


Our pure product can give you substantial price m ie 
saving. You may have noticed the drop in the prevail- Tuc ntu 
ing price last spring when our halothane was first 

introduced to general use in the United States. Even Haleoa наал = Let (Lja 7202 
after that drop our price is about 20% lower. Our 
consistent high purity plus years of experience in use Impurities 
together give assurance of reliability and your hospi- 
tal will appreciate our lower prices. So why not ask 
your pharmacist to request our literature and prices? 








(1) Chapman, J., Hill, R., Muir, J., Suckling; C.W., (2) Sherer, О. and Weigand, W., Anaesthesist 73. 
and Viney, D.J., J. Pharm. Pharmac., 79, 231-39 313 (1964). This paper describes the treatment 














(1967). This paper from I.C.I.'s laboratory re- of rats with 4.1% by volume of 1,2-dichloro- 

ported typical concentrations of impurities in hexsfluorocyclobutane for 2 hours Anesthesia Ї 

their halothane of slightly over 22 p.p.m. In our did not occur and there were no significant path- RI 

tests we have found impurity levels ranging from ological findings on examination of the major less than 1 p.p.m. 1,2-dichloro. 
very low to 21 p.p.m organs hexafluorocyciobutane 
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~ A Word about 
Insert Language 


We doubt that many practitioners are aware of the 
latest version of the Halothane insert. The insert is a 
published statement of the generally accepted methods 
of use. Because it can be revised and because important 
revisions are done by "blue ribbon" committees of 
anesthesiologists the insert carries much greater autho- 
rity than journal articles. And consequently the precise 
wording of the insert looms very large in malpractice 
cases. 


There has been an important change recently in 
our insert wording. As a result of a more careful 
evaluation of halothane data, the following sequence 
appears in our new insert under Warnings: 


When a previous exposure to Halothane U.S.P. was 
followed by unexplained jaundice, consideration 


Replacing the earlier statement in Contraindications: 
Halothane U.S.P. should be avoided when a pre- 
vious exposure was followed by fever and jaundice, 
or when there was an unexplained postoperative 
fever. 


This revision makes two fundamental changes in the 
recommendations regarding exposure to halothane of 
patients with previous postoperative problems after 
halothane. 4 


* |t removes "unexplained fever" completely 
as a contraindication. 

* |t softens considerably the caution against 
reexposure to halothane when postoperative 
jaundice followed a previous use. 


Both of these are important changes in a generally 


should be given to the use of other anesthetic agents. 


accepted statement of prudent practice. 





Halothane = 


PHYSICAL PROPERTIES OF HALOTHANE 


T «a seno etre CF3CHBrCI 

Molecular меідћї. . . ......... . 197.4 

Boiling Point at 760 mm. of Hg 50.2°С 

Specific gravity gas (аіг=1) ...... . 6.8 (calculated) 
[5T ЖАНИ 1.87 

Solubility in 100 parts of water 0.345 parts 

Vapor pressure at 20°б......... 243 mm. of Hg 


Blood/gas partition coefficient at 37°C 2.3 


DESCRIPTION 


Halothane U.S.P. is an inhalation anesthetic which 
is nonflammable and nonexplosive. When exposed 
to light this drug decomposes slowly and may form 
volatile acids. To stabilize the product thymol 
(0.01% w/w) has been added, and'the product pack- 
ed in colored bottles. Halothane U.S P. is stable 
in contact with soda lime. When moisture is pres- 
ent, the vapor attacks aluminum, brass, and lead, 
but not copper. Halothane U.S.P. is soluble in 
rubber, some plastics, and similar materials; suth 
materiels will deteriorate rapidly in contact with 
Halothane U.S.P. vapor or liquid 

Thymo! accumulates in vaporizers because it is 
much less volatile than Halothane U.S.P , and in 


time a yellow color may develop in the wick and re- 


maining liquid. Residual thymo! can easily be 
washed out with a small amount of fresh Halothane 
USP 


ACTIONS 

Halothane U.S.P. is an inhalation anesthetic. In- 
duction and recovery are rapid and depth of anes- 
thesia can be rapidly altered Halothane U.S.P 

progressively depresses respiration. There may be 
tachypnea with reduced tidal volume and alveolar 
ventilation. Halothane U.S.P. is not an irritant to 
the respiratory tract, and no increase im salivary or 
bronchial secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly obtunded. It 

causes bronchodilation. Hypoxia, acidosis, or apnea 
may develop during deep anesthesia 


Halothane U S.P. reduces the blood pressure, and 
frequently decreases the pulse rate and the greater 
the concentration of the drug, the more evident 
these changes become. Atropine may reverse the 
bradycardia. Halothane U S.P. does not cause the 
release of catecholamines from adrenergic stores 
Halothane U.S.P. also causes dilation of the vessels 
of the skin and skeletal muscles 

Cardiac arrhythmias may occur during Halothane 
U.S.P. anesthesia. These include nodal rhythm 

AV dissociation, ventricular extrasystoles and 

psystole, Halothane U.S.P. sensitizes the myo 

cardial conduction system to the action of epine- 
phrine and norepinephrine, and the combination 
may cause serious cardiac arrhythmias. Halothane 
U.S.P. increases cerebral spinal fluid pressure. Halo- 
thane U.S.P. produces moderate muscular relaxa- 
tion. Muscle relaxants are used as adjuncts in order 
to maintain lighter levels of anesthesia. Halothane 
U.S.P. augments the action of nondepolarizing re 
laxants and ganglionic blocking agents. Halothane 
U.S P. is a potent uterine relaxant 


INDICATIONS 
Halothane U.S.P. is indicated for the induction and 
maintenance of anesthesia 


CONTRAINDICATIONS 
Halothane U.S.P. is not recommended for obstetri 
cal anesthesia except when uterine relaxation is re- 
quired 
WARNINGS 

When a previous exposure to Halothane U S.P. was 
followed by unexplained jaundice, consideration 
should be given to the use of other anesthetic 
agents 


Halothane U.S P. should be used in vaporizers that 
permit а reasonable approximation of output, and 
preferably of the calibrated type. The vaporizer 
should be placed out of circuit in closed circuit re- 
breathing systems: otherwise overdosage is difficult 
to avoid. The patient should be closely observed 
for signs of overdosage, i. e. depression of blood 
pressure, pulse rate, and ventilation, particularly 
during assisted or controlled ventilation 

USAGE IN PREGNANCY: Safe use of Halothane 
U.S.P. has not been established with respect to 
possible adverse effects upon fetal development 
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Therefore, Halothane U.S.P. should not be used in 
women where pregnancy is possible, and particu 

larly during early pregnancy unless, in the judgment 
of the physician, the potential benefits outweigh 
the unknown hazards to the fetus 


PRECAUTIONS 
The uterine relaxation obtained with Halothane 
U.S P. unless carefully controlled, may fail to res 
pond to ergot derivatives and oxytocic posterior 
pituitary extract 
Halothane U.S.P. increases cerebrospinal fluid press- 
ure. Therefore, in patients with markedly raised 
intracranial pressure, if Halothane is indicated, ad- 
ministration should be preceded by measures ordi 
narily used to reduce cerebrospinal fluid pressure 
Ventilation should be carefully assesed, and it may 
be necessary to assist or contro! ventilation to in- 
sure adequate oxygenation and carbon dioxide re 
moval 
Epinephrine or norepinephrine should be employed 
cautiously, if at all, during Halothane U.S P. anes 
thesia since their simultaneous use may induce ven- 
tricular tachycardia or fibrillation 
Nondepolarizing relaxants and ganglionic blocking 
agents should be administered cautiously, since 
their actions are augmented by Halothane U.S.P 


ADVERSE REACTIONS 
The following adverse reactions have been reported 
hepatic necrosis, cardiac arrest, hypotention, res 
Piratory arrest, cardiac arrhythmias, hyperpyrexia, 
shivering, nausea, and emesis 


DOSAGE AND ADMINISTRATION 
Halothane U.S.P. may be administered by the non- 
rebreathing technic, partial rebreathing, or closed 
technic, The induction dose varies from patient to 
patient. The maintenance dose varies from 0.5 per 
cent to 1.5 per cent 


HOW SUPPLIED 
Amber bottles of 125 ml and 250 ml stabilized with 
0.01% (w/w) thymol 
CAUTION: FEDERAL LAW (0 5 A | PROHIBITS DISPENSING 
WITHOUT PRESCRIPTION 
November 1975 
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In your hands... 
the light where you need it. 
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Light placement. Shaft length. Tip curvature. The largest variety 
of blade and handle sizes available. Whatever your style preference, 
there’s a Foregger laryngoscope that’s just right for you. Choose Miller, 
MacIntosh, Phillips, Wis-Foregger, Siker, Flagg, Whitehead, Fink, Wis- 
Hipple, Polio, Guedel, Eversole, Bennett, Bizarri-Guiffrida, or Snow. 
A full range — each manufactured with quality-designed craftsmanship. 


From the routine intubation to the most unusual, Foregger laryngo- 
scope blades help put the light where you need it. For more information, 
contact your sales representative, Foregger dealer, or write to Air 
Products and Chemicals, Inc., Medical Products Division, P.O. Box 538, 
Allentown, Pa. 18105. 
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In all types of hospitals 
across the United States, 
its Usage grows- 


Dopram 
Injectable 
ici. n9) 


Seven years ago, A. H. Robins 
introduced Dopram, a unique 
respiratory stimulant developed 
in the company's research 
laboratories. What made this drug 
so useful to the anesthesiologist 
was its ability to rapidly restore 
the respiratory drive in patients 
with drug-induced post anes- 
thetic depression. 


Usage of Dopram has 
been steadily — increasing 
each year, until oday it 
has become a very œ 
important drug in the \ 
armamentarium of more 
than 1,500 hospitals of all > 
types in all 50 states, the District 
of Columbia, and a number of 
foreign countries. These hospitals 
purchased more than 600,000 
doses in 1972 alone. 


As this graph 
Dopram-an Lice E. | shows, hospital 
drug in anesthesiolog aro Dopram have - 
Try it for sighs! ! increased steadily 


rom about 
Of аа а 1 
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A quick recovery’ 
anesthetic 
for short surgical procedures 


Ethrane’ (enflurane) fulfills your anesthetic require- 
ments for short surgical procedures. 


Fast Induction, Rapid Recovery. The low blood/ 
gas partition coefficient of ETHRANE (1.91 at 37°C) 
assures rapid patient induction with minimal excitation. 
Its mild, pleasant odor is highly acceptable and 
ETHRANE does not stimulate increased salivation or af- 
fect bronchomotor tone.' Pharyngeal and laryngeal re- 
flexes can be quickly and easily obtunded. Following 
anesthesia, because of its low blood solubility, 
ETHRANE is promptly eliminated at the lungs, permit- 
ting rapid emergence and recovery.” 


Stable Cardiac Rhythm. Cardiac rhythm usually re- 
mains normal during ETHRANE anesthesia and is not 
altered even with elevations in arterial carbon dioxide.’ 
Although nodal or atrial arrhythmias occasionally ap- 
pear, ventricular extrasystoles are rare. Heart rate is sus- 
tained at preanesthetic levels. Bradycardia or tachycardia 
do not normally occur. Blood pressure tends to be re- 
duced with induction, but this effect is reversed with sur- 
gical stimulation.* 


Excellent Muscle Relaxation. At clinical concentra- 
tions, ETHRANE usually provides muscle relaxation 
sufficient for lower abdominal procedures. In addition, 
relaxation is often adequate for procedures of the upper 


abdomen. If greater relaxation is required, its potentia- 
tion of nondepolarizing relaxants reduces the dosage of 
such adjunctive neuromuscular blocking agents.‘ 


Few Anesthetic A ftereffects. Following cessation of 
anesthesia with ETHRANE, recovery is rapid, unevent- 
ful, and complete. Postoperative return of adequate pul- 
monary ventilation is rapid.’ Nausea, vomiting, and 
delirium are rare. Usually there is an early return of 
lucidity, desire for fluids, and generally a feeling of well- 
being. 





WARNING: Motor activity exemplified by move- 
ment of various muscle groups and/or seizures may 
be encountered with deep levels of ETHRANE (en- 
flurane) anesthesia. For additional warnings, contrain- 
dications, and precautions, see following page. 





Films Available for Medical Education. As a serv- 
ice to the anesthesia profession, Ohio Medical Products 
has available, without charge, motion pictures for use in 
continuing medical education. Topics include such areas 
as "Management of Ambulatory Surgical Procedures" 
and "The Use of ETHRANE." To arrange for a personal 
or group showing, contact your OHIO Anesthetic Rep- 
resentative, or write to our Communications Department 
in Madison, Wisconsin. 


Ethrane 


(enflurane) 


Versatile in Concept-Versatile in Performance 


Ohio Medical Products 


3030 AIRCO DRIVE 
MADISON, WISCONSIN 53701 


JARCO” 


See following page for full disclosure 


Г. ® 
Ethrane (enflur ane) Versatile in concept... Versatile in performance. 


CAUTION: Federal Law Prohibits Dispens- 
ing without Prescription 

Description: ETHRANE (enflurane) is а 
nonflammable anesthetic agent. It is 
2-chloro-1,1,2-trifluoroethyl  difluoromethyl 
ether, and its structural formula is: 


«ipods 


Some physical constants of the compound 
are: 


Molecular weight 184.5 
Boiling point 760 
mm Hg. 56.5°C 


Refractive index пё? 1.3026-1.3030 


Specific gravity 


259/259C 1.517 
Vapor pressure in 

mm Hg." 209C 174.5 

259C 217.7 

36°С 345.2 


**Equation for calculation of enflurane 
vapor pressures: 
в А = 7.967 
logio Р=А+ — В = – 1678.4 
T T2 9C4- 273.16 (Kelvin) 


Partition coefficients @ 37°С 


Water-gas 0.82 

Blood-gas 1.91 

Oil-gas 98.5 

Partition coefficients @ 25°C— 

rubber and plastic 

Conductive rubber 74.0 

Butyl rubber 90.0 

Polyvinylchloride 120.0 

Polyethylene ~2.0 

Polyurethane ~15 

Polyoletin %1.2 

Butyl acetate %3.0 
Solubility of enflurane 

in H20 at 22°C 0.275% 
Solubility of H20 in 

enflurane 0.1396 
Purity by gas 

chromatography 299.996 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to 
saturation at 71 and 113°F 
and 743 mm Hg. pressure.) 

M.A.C. (Minimum alveolar concentration) 


Man with pure oxygen 1.68 
Man with 70% nitrous oxide 
0.56 (est.) 


ETHRANE is a clear, colorless, stable 
liquid without added chemical stabilizers 
ETHRANE has a mild, sweet odor. Storage 
of samples in indirect sunlight in clear, 
colorless glass for a five year period, as 
well as direct exposure for 30 hours to a 
2 amp, 115 V., 60 cycle long wave U.V. 
light, produced no changes in composition 
detectable by gas chromatography. 
ETHRANE in one normal sodium methoxide- 
methanol solution, a strong base, for over 
six months consumed none of the alkali, 
indicative of strong base stability. 
ETHRANE does not decompose in contact 
with soca lime. ETHRANE does not attack 
aluminum, tin, brass, iron or copper. 


Actions: ETHRANE (enflurane) is an in- 
halation anesthetic. Induction and re- 
covery from anesthesia with ETHRANE are 
rapid. ETHRANE does not appear to stim- 
ulate excess salivation or tracheobronchial 
secretions, or affect bronchomotor tone. 
Pharyngeal and laryngeal reflexes are 
readily obtunded. The level of anesthesia 
changes rapidly with ETHRANE. ETHRANE 
reduces ventilation as depth of anesthesia 
increases. ÉTHRANE provokes a sigh re- 
sponse -reminiscent of that seen with di- 
ethyl ether. 


There is a decrease in blood pressure 
with induction of anesthesia, followed by 
a return to near normal with surgical stimu- 
lation. Progressive increases in depth of 
anesthesia produce corresponding in- 
creases in hypotension. Heart rate remains 
relatively constant without significant 
bradycardia. Electrocardiographic monitor- 
ing or recordings indicate that cardiac rhy- 
thm remains stable. Elevation of the carbon 
dioxide level in arteria! bloed does not 
alter cardiac rhythm, ETHRANE sensitizes 
the myocardial conduction system to epine- 
phrine in dog and can produce serious 
arrhythmias. Comparable information in 
man is not available. 


Muscle relaxation is adequate for intra- 
abdominal operation at normal levels of 
anesthesia. Should greater relaxation be 
necessary, minimal doses of muscle relax- 
ants may be used. All commonly used 
muscle relaxants are compatible with 
ETHRANE. The nondepolarizing muscle 
relaxants are markedly potentiated. Neo- 
stigmine does not reverse the direct effect 
of ETHRANE. 


Biotransformation of ETHRANE (enflu- 
rane) in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These 
levels are well below the 50 mM/L seen to 
produce renal damage in normal subjects; 
nowever, it is possible that these levels 
could result in damage in patients with 
severely impaired renal function or those 
undergoing renal transplantation 


Indications: ETHRANE (enflurane) may be 
used for induction and maintenance of 
general anesthesia. Adequate data have 
not been developed to establish its appli- 
cation in obstetrical anesthesia. 


Contraindications: Seizure disorders (see 


WARNINGS). 
Known sensitivity to ETHRANE (enflu- 
rane) or other halogenated anesthetics 


Warnings: Increasing depth of anesthesia 
with ETHRANE (enflurane) produces a 
change in the electroencephalogram char- 
acterized by high voltage, fast frequency, 
progressing through spike-dome complexes 
alternating with periods of electrical si- 
lence to frank seizure activity. The latter 
may or may not be associated with motor 
movement. Motor activity, when encoun- 
tered, generally consists of twitching or 
jerks" of various muscle groups; it is 
self-limiting and can be terminated бу 
towering the anesthetic concentration. This 
electroencephalographic pattern associ- 
ated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial 
carbon dioxide tension. The pattern serves 
гѕ a warning that depth of anesthesia is 
excessive. Cerebral blood flow and metabo- 
lism studies in normal volunteers during 
seizure patterns show no evidence of cere- 
bral hypoxia, and recovery appears to be 
uncomplicated. 


Since levels of anesthesia may be altered 
easily and rapidly, only calibrated vapor- 
izers which measure output with reasonable 
accuracy should be used. Hypotension and 
respiratory exchange can serve as a guide 
to anesthesia depth. With deep levels of 
anesthesia, more marked hypotension and 
respiratory depression are encountered. 


The action of nondepolarizing relaxants 
is augmented by ETHRANE. Less than the 
usual amounts of these drugs should be 
used. The time for recovery from the 
myoneural effect of these relaxants is 
greater in the presence of ETHRANE than 
for other commonly used anesthetics. 


The safety of the use of epinephrine 
topically and subcutaneously has not been 
established in man. 


Usage in Pregnancy: Safety in pregnancy 
has not been established. Reproduction 
studies have been performed in rats and 
rabbits, and there is no evidence of harm 
to the animal fetus. The relevance of these 
studies to the human is not known. Since 
there is no adequate experience in preg- 
nant women who have received the drug, 
pau in pregnancy has not been estab- 
lished. 


Precautions: Bromsulfalein (BSP) reten- 
поп 1s mildly elevated postoperatively in 
some cases. There is some elevation of 
glucose and white blood count intraopera- 
tely. Glucose elevation should be con- 
sidered in diabetic patients. ETHRANE 
(enflurane) should be used with caution in 
patients who by virtue of medical or drug 
history could be considered more suscepli- 
bie to cortical stimulation produced by this 
d'ug. As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has 
been observed with the use of ETHRANE. 


Adverse reactions: 1. Motor activity ex- 
emplified by movement of various muscle 
groups and/or seizures may be encoun- 
tered with deep levels of ETHRANE (en- 
flurane) anesthesia. 2. Hypotension and 
respiratory depression have been reported. 
3. Arrhythmias, shivering, nausea, and 
vomiting have been reported. 4. Elevation 
of the white blood count has been ob- 


served. It has not been determined whether 
this is related to ETHRANE or to surgical 
stress. 


Dosage and administration: The concentra- 
tion of ETHRANE (enflurane) being de- 
livered during anesthesia from a vaporizer 
should be known. This may be accom- 
plished by using: 
a) vaporizers calibrated specifically for 
ETHRANE; 
b) vaporizers from which delivered flows 
can easily and readily be calculated 
Maintenance concentration should not 
exceed 3%. Premedication should be se- 
lected according to the need of the indi- 
vidual patient, taking into account that 
secretions are weakly stimulated by 
ETHRANE and the heart rate remains con- 
stant. The use of anticholinergic drugs is 
a matter of choice. 


Induction: Induction may be achieved us- 
ing ETHRANE alone with oxygen or in com- 
bination with oxygen-nitrous oxide mix- 
tures, Under these conditions some excite- 
ment may be encountered. If excitement is 
to be avoided, a hypnotic dose of a short- 
acting barbiturate should be used to in- 
duce unconsciousness, followed by the 
ETHRANE mixture. In general, inspired 
concentrations of 3.5-4.5% ETHRANE pro- 
duce surgical anesthesia in 7-10 minutes 


Maintenance: Surgical levels of anesthesia 
may be attained with 1.5-3.0% concentra- 
tion, If added relaxation is required, sup- 
plemental doses of muscle relaxants may 
be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in 
the 35-45 mm range is preferred to hyper- 
or hypoventilation in order to minimize pos- 
sible CNS excitation. 

The level of blood pressure during main- 
tenance is an inverse function of ETHRANE 
concentration in the absence of other com- 
plicating problems. Excessive decreases 
(unless related to hypovolemia) may be due 
to depth of anesthesia and in such in- 
Stances should be corrected by lightening 
the level of anesthesia. 


Overdosage: In the event of overdosage, 
or what may appear to be overdosage, the 
following action should be taken: 
Stop drug administration; establish that 
the airway is clear and initiate assisted 
or controlled ventilation with pure oxygen 
as circumstances dictate 


Administration equipment: ETHRANE (en- 
flurane) may be administered from a flow- 
through type vaporizer manufactured and 
specifically calibrated for ETHRANE. Va- 
porizers which deliver saturated vapor at 
reasonable flows but are not specifically 
calibrated for ETHRANE may be used. 


ETHRANE contains no stabilizer. Nothing 
is present in the agent to alter calibration 
or affect the operation characteristics of 
the vaporizer. 


Packaging: ETHRANE (enflurane) is pack- 
aged in 125 and 250 ml. amber bottles. No 
additives or stabilizers are present 
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VULNERABLE 


Lacri-Lube" protects the vulnerable eye of the anesthetized patient. 

The under-protected eye is threatened during general anesthesia. Tape alone can 

leave your patient's eye vulnerable to dehydration and corneal erosion. And with 
intments, you unnecessarily risk allergic reactions and possible long-term 
sensitization. 

Lacri-Lube meets your need for a safer, more sophisticated method of protecting 
and lubricating the eye. Either on its own or as an adjunct to taping. It's the first non- 
medicated, sterile ophthalmic ointment specifically designed to lubricate and protect the 
eye — and do nothing more. 

In fact, ophthalmologists have established Lacri-Lube as their lubricant-protectant of 
choice whenever an eye is jeopardized by exposure or dehydration. And the rapid increase 
in its surgical use indicates that Lacri-Lube fulfills the same need among anesthesiologists. 

Lacri-Lube is the ophthalmic for anesthesia. m —- 

When you consider the alternatives, 
you can't make a better choice. AIlERGAN 
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Take the Excessive Anxiety ~ А nesthesi: 
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the anxiety that may complicate premedication, 
induction and recovery room emergence. 

It has no significant depressant effects on 
respiratory or circulatory function and often 
reduces postoperative emesis. 

Vital signs are seldom impaired. Involuntary 
motor activity, including rare instances of 
tremor and convulsions, has been reported, 


Vistaril ım 


(hydroxyzine НСІ) 


100 mg./2 ml., 50 mg./ ml. and 25 mg./ml. Vials and Isojects® 
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And, because it may enhance the effect of 
injectable analgesics, requirements of narcotic 
and nonnarcotic analgesics, such as meperidine, 
morphine sulfate and pentazocine, may 

be reduced. 

Vistaril I.M. is physically compatible with 
most commonly used analgesics, and can be 
mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 
of Vistaril I.M. is 100 mg. While the analgesic 
dosage needed will usually be reduced, the actual 
dosage of Vistaril I.M. should 
be titrated against the individual 


patient's clinical response. LABORATORIES 
DIVISION 


PFIZER INC 
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(hydroxyzine НСІ) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* 





Calm 
Before Anesthesia... In Recovery 








Brief Summary 

VISTARIL? (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 


rabbit, induced fetal abnormalities in the rat at doses substantially above 


the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
System depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 5096. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 








In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in o: 
to minimize the possibility of damage to the sciatic nerve. The deltoic 
area should be used only if well developed, such as in certain adulte 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be made in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular inject 
Adverse Reactions: Drowsiness may occur; if so, it is usually transite 
and may disappear in a few days of continued therapy or upon dosac 
reduction. Dryness of the mouth may occur with higher doses. Involui 
tary motor activity, including rare instances of tremor and convulsion: 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI) Intramuscular Solution: 25 mg./mr 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject?, 25 mg./ml. ani 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) f 
VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 
e Sn L AON avatiable on request. 
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PEOPLE AND PLACES 


The Robert D. Dripps Memorial Conference, sponsored by the Robert D. Dripps 
Library and the Department of Anesthesia, University of Pennsylvania, will be held 
April 26, 27, and 28, 1976, at the Hilton of Philadelphia on the University of Penn- 
sylvania Campus, Philadelphia, Pennsylvania. 


* * * 


The Postgraduate Continuation Course, “Anesthesia and Current Clinical Prac- 
tice," sponsored by the Lahey Clinic Foundation Department of Education and 
Department of Anesthesiology, will be held May 7-8, 1976, at the Copley Plaza 
Hotel, Boston, Massachusetts. 


* * * 


Distriet II, New York State Society of Anesthesiologists and The Department 
of Anesthesiology, Mount Sinai School of Medicine, will have a workshop on “Anes- 
thetic Pollution" May 8, 1976, in the Stern Auditorium of the Annenberg Build- 
ing, Fifth Avenue and 100th Street, New York. 


* Ж * 


Harvard Medical School, Department of Continuing Education, announces a 
course in Obstetric Anesthetic Management, May 14 and 15, 1976, at the Colonnade 
Hotel, Boston, Massachusetts. 


* * * 


The Fourth Annual Postgraduate Seminar in Pediatric Anaesthesia, spon- 
sored by the Department of Anaesthesia, University of Cincinnati Medical Center, 
jun be held May 21, 22, and 23, 1976, at the Quality Inn Riverview, Covington, 

entucky. 


Жж ж * 


McGill University, Montreal, Quebec, Canada, will present the Annual Review 
Course in Anaesthesia in the McIntyre Medical Sciences Building, May 24-28, 1976. 


* * * 


The University of Tennessee College of Medicine will present their Continuing 
Education Course, “Intensive Review of the Basic Medical Sciences as Related to 
the Study and Practice of Anesthesiology," May 24-28, 1976, at the Wassell Ran- 
dolph Student-Alumni Center, University of Tennessee Center for the Health 
Sciences, Memphis, Tennessee. 


Ж * Ж 


The First National Congress of Anaesthesia and Intensive Care, organized by 
the Romanian Society of Anesthesia and Intensive Care will be held in Bucharest 
May 26-28, 1976. For more detailed information write to the Secretariate of the 
First National Congress of Anaesthesia and Intensive Care— Union of Societies of 
Medical Sciences, Bucharest 8 Progresului Street, Bucharest, Romania. 


(16) ANESTHESIA and ANALGESIA . . . Current Researches 


The University of West Florida and the Pensacola Educational Program Will 
present a seminar on "Anesthesia and Adjunctive Therapy" May 29 and 30, 1976, 
at the Galatea Inn, Pensacola Beach, Pensacola, Florida. 


* * ж 


The annual Scientific Meeting of the California Society of Anesthesiologists to 
include Refresher Courses and General Sessions will be held at the Hotel Sahara, 
Las Vegas, Nevada, June 3-6, 1976. 


* * Ж 


А Symposium, “Ваѕіс Sciences Related to Anesthesiology and Critical Care," 
sponsored by the Departments of Anesthesiology, Montefiore Hospital and Medical 
Center and Albert Einstein College of Medicine, will be presented June 7-11, 1976, 
at the Montefiore Hospital and Medical Center, Bronx, New York. 


Ж * * 


The Tenth Congress of the Israel Society of Anaesthesiologists will be held 
at the Hilton Hotel, Jerusalem, on June 10-11, 1976. For further information 
write to Dr. E. Levy, Department of Anesthesia, Beilinson Medical Centre, Petah 
Tiqva, Israel. 

Жж * * 


The Illinois Society of Anesthesiologists will present the Thirteenth Midwest 
Anesthesiology Conference, “Anesthetic Challenges in Patients With Medical Prob- 
lems," June 10, 11, 12, 1976, at the Sheraton-Chicago Hotel, Chicago, Illinois. 


* * * 


The VIIth Congress of the Polish Society of Anesthesiologists will be held in 
Warsaw, Poland in the second half of June 1976. 


For further information write to the Secretariat, Lindleya 4, 02-005 Warszawa, 
Poland. 
* * * 


The Canadian Anaesthetists’ Society 27th Annual Meeting will be held in Mon- 
treal, Quebec, Canada, June 20-24, 1976. 


For further information contact: The Secretary, Canadian Anaesthetists’ 
Society, 178 St. George Street, Toronto, Ontario, Canada M5R 2M7. 


* * ж 


The 28th Annual Workshops and Scientific Program of the Society for Clinical 
and Experimental Hypnosis, June 26-30, 1976, and the 7th International Congress 
of Hypnosis and Psychosomatic Medicine, July 1-3, 1976, are sponsored by the Uni- 
versity of Pennsylvania (Philadelphia, PA, USA). For information regarding reg- 
istration and acommodations, write to Martin T. Orne, MD, PhD, The Institute of 
Pennsylvania Hospital, 111 North 49th Street, Philadelphia, PA 19139. 


* * * 


The Department of Anesthesiology, Baylor College of Medicine, will present 
the first in an annual series of postgraduate programs on November 18 and 19, 
1976, in the Shamrock Hilton Hotel, Houston, Texas. 

The formal title of the program is: “BAY-CAP I, The Patient With Ischemic 
Heart Disease.” 
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» Аз ап adjunct to general anesthesia 

› Asa supplement to regional 
anesthesia 

* Used without a general anesthetic 
in certain diagnostic procedures 


. „ 
INNOVAR? injection is available for use only upon direc- 
tion of a physician 
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Special educational material available 

A Programmed Instruction Manual on the chem- 
istry, pharmacology and clinical applications of 
INNOVAR injection and its components is avail- 
able from McNeil Laboratories. For further 
information, please write: Product Director, 


INNOVAR injection, McNeil Laboratories, Inc., 


© McN 1975 


Fort Washington, Pa. 19034. 


For prescribing information including Contraindications, Warnings, Precautions and Adverse Reactions, please turn page 


Innovar’ injection (7 









The two components of INNOVAR® injection, fentanyl and 
droperidol, have different pharmacologic actions. Betere administering 
INNOVAR injection, the user should familiarize himself with the special 
Properties of each drug, particularly the widely differing durations of 
action, 
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FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Protect from Light 


ACTIONS INNOVAR injection is a combination drug containing a narcotic 
analgesic, fentanyl, and a neuroleptic (major tranquilizer), droperidol. The 
combined effect, sometimes referred to as neuroleptanalgesia, is characterized 
by general quiescence, reduced motor activity, and profound analgesia; complete 
loss of consciousness usually does not occur from use of INNOVAR injection 
alone. The incidence of early postoperative pain and emesis may be reduced. 


A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those 
of morphine and meperidine. Fentanyl in a dose of 0.1 mg. (2.0 cc.) is 
approximately equivalent in analgesic activity to 10 ma. of morphine or 75 
mg. of meperidine. The principal actions of therapeutic value are analgesia 
and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics, may last longe: than the analgesic 
effect. As the dose of narcotic is increased, the decrease in pulmonary 
exchange becomes greater. Large doses may produce apnea. Fentanyl 
appears to have less emetic activity than other marcotic analgesics. 

istamine assays, and skin wheal testing in man, as well asin vivo testing in 
dogs indicate that histamine release rarely occurs with fentanyl. 


Fentanyl may cause muscle rigidity, particularly involving the muscles of 
respiration. It may also produce other signs and symptoms characteristic 
of narcotic analgesics including euphoria, miosis. bradycardia, and 
bronchoconstriction. 


The onset of action of fentanyl is almost immediate when the drug is given 
intravenously; however, maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The average duration of action 
of the analgesic effect is 30 to 60 minutes. Following intramuscular 
administration, the onset of action is from seven to eight minutes, and the 
duration of action is from one to two hours. Although the duration of the 
respiratory depressant effect is unknown, as with other narcotic analgesics, 
it may be considerably longer than the analgesic effect. 


B. Droperido! produces marked tranquilization and sedation. It also produces 
an antiemetic effect as evidenced by the antagonism of apomorphine in 
dogs. It potentiates other CNS depressants. It also produces mild alpha 
adrenergic blockade, peripheral vascular dilatation=and reduction of the 
pressor effect of epinephrine. Droperidol can produce hypotension and 
decreased peripheral vascular resistance. It may decrease pulmonary 
arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other 
cardiac arrhythmias. The onset of action is from three to ten minutes 
following intravenous or intramuscular administration. The full effect, 
however, may not be apparent for 30 minutes. The duration of the sedative 
and tranquilizing effects generally is two to four ‘hours. Alteration of 
consciousness may persist as long as 12 hours. This is in contrast to the 
much shorter duration of action of fentanyl. 


INDICATIONS INNOVAR injection is indicated to preduce tranquilization 
and analgesia for surgical and diagnostic procedures. 1: may be used as an 
anesthetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fentanyl) injection alone rather than the 
combination drug INNOVAR injection should usually be used. 


CONTRAINDICATIONS INNOVAR injection should mot be used in patients 
who are hypersensitive to either component. 


WARNINGS PATIENTS WHO HAVE RECEIVED 7NNOVAR INJEC- 
TION SHOULD BE UNDER APPROPRIATE SURVEILLANCE. 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST 
SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 


The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INNOVAR inzection, the total dose 
of all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. It is 
recommended that narcotics, when required, be used initiadly in reduced doses, 
as low as 1/4 to 1/3 those usually recommended. 


INNOVAR injection may cause muscle rigidity, particularly involving the 
muscles of respiration. This effect is due to the fentanyl component and is related 
to the speed of injection. Its incidence can be reduced by the use of slow 
intravenous injection. Once the effect occurs it is managed hy the use of assisted 
or controlled respiration and by а neuromuscular blocking drug, if necessary. 
FLUIDS AND OTHER COUNTERMEASURES ТО MANAGE HYPO- 
TENSION SHOULD ALSO BE AVAILABLE. 


Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drug 
dependence of the morphine type and therefore has the potential for being 
abused. 


Severe and unpredictable potentiation by MAO inhibitors ks been reported with 
narcotic analgesics. Since the safety of fentanyl, in this regard, has not been estab- 
lished, the use of INNOVAR injection or SUBLIMAZE fentanyl in patients 
who have received MAO inhibitors within 14 days is not recommended. 


Head Injuries and Increased Intracranial Pressure: INNOVAR injection should be 
used with caution in patients who may be particularly susceptible to respiratory 
depression such as comatose patients who may have a head injury or brain tumor. 
In addition, these drugs may obscure the clinical course of patients with head 
injury. 

Usage in Children: The safety of INNOVAR injection in children two years of age 
or younger has not been established. 


Usage in Pregnancy: The safe use of INNOVAR injection has not beer 
established with respect to possible adverse effects upon fetal development 


Therefore, it should be used in women of childbearing potential only when, in th 
judgment of the physician, the potential benefits outweigh the possiple hazards 
There are insufficient data regarding placental transfer and fetal effects 
therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS Тле initial dose of INNOVAR injection should be a propria’ 
ly reduced in elderly, debilitated and other poor risk patients. The effect of th 
initial dose should be considered in determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anesthesia and som 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and са 
cause peripheral vasodilatation and hypotension because of sympatheti 
blockade. Through other mechanisms (see Actions) fentanyl and droperidol als 
depress respiration and blood pressure. Therefore, when INNOVAR injection i 
uscd to supplement these forms of anesthesia, the anesthetist must be familia 
with the physiological alterations involved, and be prepared to manage them i 
the patients selected for this form of anesthesia. 


The droperidol component of INNOVAR injection may decrease pulmonar: 
arterial pressure. This fact should be considered by those who conduct diagnosti 
or surgical procedures where interpretation of pulmonary arterial pressure 
measurements might determine final management of the patient. 


Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE fentanyl, should be used with cautior 
in patients with chronic obstructive pulmonary disease, patients with decreasec 
respiratory reserve, and others with potentially compromised ventilation. In suc} 
patients narcotics may additionally decrease respiratory drive and increast 
airway resistance. During anesthesia this can be managed by assisted o 
controlled respiration. Postoperatively respiratory depression caused by 
narcotic analgesics can be reversed by narcotic antagonists (levallorphan 
nalorphine, and naloxone); consult individual prescribing information before 
using. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, anc 
general anesthetics) have additive or potentiating effects with INNOVAR 
injection. When aere have received such drugs, the dose of INNOVAR 
injection required will be less than usual. Likewise, following the administratior 
of INNOVAR injection the dose of other CNS depressant drugs should bc 
reduced. 


INNOVAR injection should be administered with caution to patients with lives 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 


If hypotension occurs, the possibilit of hypovolemia should be considered anc 
managed with appropriate parenteral fluid t erapy. Repositioning the patient tc 
improve venous return to the heart should be considered when operative 
conditions permit. It should be noted that in spinal and peridural anesthesia 

lilting the patient into a head down position may result in a higher level ой 
anesthesia than is desirable, as well as impair venous return to the heart. Care 
should be exercised in the moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of! 
pressor agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 


The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly. 


ADVERSE REACTIONS The most common serious adverse reactions reported) 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension; if these remain untreated, respiratory arrest, 
circulatory depression or cardiac arrest could occur. 


Extrapyramidal Symptome (dystonia, akathisia, and oculogyric crisis) have been: 
observed up to 24 hours postoperatively. When they occur, extrapyramidal 
symptoms can usually be controlled with anti- parkinson agents. 


» 
Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, hyperactivity on induction, laryngospasm, 
transient hypertension, nausea and emesis, diaphoresis, emergence delirium, 
and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 


Postoperative drowsiness is also frequently reported. 


OVERDOSAGE Manifestations: The manifestations of INNOVAR injection 
overdosage are an extension of its pharmacologic actions. 


Treatment: |n the presence of hypoventilation or apnea, oxygen should be 
administered and respiration should be assisted or controlled as indicated. A 
patent airway must be maintained; an oropharyngeal airway or endotracheal tube 
might be indicated. If depressed respiration is associated with muscular rigidity, 
an intravenous neuromuscular blocking agent might be required to facilitate 
assisted or controlled respiration. The patient should be carefully observed for 24 
hours; body warmth and adequate fluid intake should be maintained. If 
hypotension occurs and is severe or persists, the possibility of hypovolemia 
should be considered. A specific narcotic antagonist such as nalorphine, 
levallorphan or naloxone should be available for use as indicated to manage 
respiratory depression caused by the narcotic component fentanyl. This does not 
preclude the use of more immediate countermeasures. Consult the package 
inserts for the individual narcotic antagonists for details about use. 


HOW SUPPLIED INNOVAR injection is supplied in 2 cc. (NDC 0045-0280- 
20) and 5 cc. (NDC 0045-0280-50) ampuls, in packages of 10. 


IMPORTANT: Complete dosage information is available in insert which accom- 
panies each package (or on request). The drug is available only upon direction of a 
physician. 


U.S. Patent No. 3,141,823 
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McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 


When you 


need to know 
.DinaMaP for non-invasive, routine 


monitoring of arterial pressure? 








Using: An ordinary pressure cuff with no 
transducer. Easily attached to any limb: 
Provides: Automatic determination and digital 
display of mean arterial pressure. 

Write or call for your demonstration. 


Applied Medical Research 
6 Columbia Drive 





/) Tampa, Fla. 33606 
(813) 251-8390 ш, 





" fAudible pulse monitor optional. 
*Including patient preferred ankle. 


ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consultcomplete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation сї acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYS!S AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 


Dramatic reversal within minutes ofcoma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs-recur. Physostig- 
mine is destroyed in the body in 60'to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma. gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 





AMITRIPTYLINE DICYCLOMINE 


(Elavil, Triavil, DIPHENHYDRAMINE 
Etrafon) DOXEPIN 
ANISOTROPINE (Sinequan) 
METHYLBROMIDE HOMATROPINE 
ATROPINE HYOSCINE 
BELLADONNA HYOSCYAMUS 
BENACTYZINE IMIPRAMINE 


CHLORPHENIRAMINE (Tcfranil, Presamine) 


CYCLOPENTOLATE ISOPROPAMIDE 
DESIPRAMINE MEPENZOLATE 
(Norpramin, 
Pertofrane) 





DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 

IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 


Greene, L. T.: Physostigmine treatment of anti- 
cholinergicdrug depressionin postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 
antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 




















(Aventyl) TRICYCLIC 
PIPENZOLATE ANTIDEPRESSANTS 
BROMIDE (Aventyl, Elavil, 
(Piptal) Etrafon, Norpramin, 






PROPANTHELINE 
PROTRIPTYLINE 






Pertofrane, 
Presamine, Tofranil, 
















(Vivactil) Triavil, Vivactil) 
PYRILAMINE THIORIDAZINE 
(Mellaril) 





O'NEAL, JONES & FELDMAN, INC. 


1304 ASHBY ROAD » 


ST. LOUIS, MISSOURI 63132 • 


(314) 997-6650 


Clinically proven 
nondepolarizing muscle relaxant 


" PAVULON 


pancuronium bromide 


ior manv patiente 
IN J| AÍ V М SIS ПС» IN 





An unusually fast-acting 
nondepolarizing blocking agent '* 


PAVULON 


pancuronium bromide 





for many patients for many reason: 


in pediatric 
surgery*" 


Pavulon® has been used with 
satisfactory results in pedi- 
atric patients undergoing 
electivesurgery!!, abdominal 
surgery’ and cardiovascular 
surgery?. Dose response 
studies indicate that, except 
for neonates, dosage is the 
same as for adults. In neo- 
nates, atestdose of 0.02 mg/ 
kg is recommended to de- 
termine responsiveness. 


in geriatric 
surgery” 


Pavulon® can be considered 
a preferred relaxant for ma- 
jor surgical procedures in 
the aged patient because of 
the relative absence of sig- 
nificant side effects. 


in the high 
risk patient^* ^ 


Pavulon? is often preferre 
for poor risk patients5.14 
especially those with asthn 
or chronic bronchitis2:14.16," 
cardiovascular disease^ 5. 
18 and patients undergoir 
abdominal, thoracic or oth: 
major surgery2:5, includir 
open heart surgery!5. Сан 
tion should be exercise 
however, in the presence « 
renal disease since a maj 
portion of the administere 
drug is excreted unchange 
in the urine. 


PAVULON” (pancuronium bromide) 


e THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 





ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: Pavulon (pancuronium bromide) is the aminoster- 
oid 2 beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17 
beta-diol diacetate dimethobromide. It has the following structural 


formula: OOC.CH, 


но 





ACTIONS: Pavulon is а non-depolarizing neuromuscular blocking 
agent possessing all of the characteristic pharmacological actions 
of this class of drugs (curariform) on the myoneural junction. 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. 
With the administration of 0.04 та. per kg. the onset of action, as 
measured by a peripheral nerve stimulator, is usually within 45 
seconds, and its peak effect is usually within 4⁄2 minutes; recovery 
to 90% of control twitch height usually takes place in less than one 
hour. Larger doses, more suitable for endotracheal intubation, 
such as 0.08 . per kg. of Pavulon have an onset of action of 
about 30 seconds, and a peak effect within 3 minutes. Supplemen- 
tal incremental doses of Pavulon, following the initial dose, slightly 
increase the magnitude of blockade, and significantly increase the 
duration of the blockade. 

Pavulon has little effect upon the circulatory system. The most 
кеу reported observation is a slight rise in pulse rate. 

uman histamine assays, and clinical observations, as well as in 
vivo guinea pig еріте, and іп vitro mast cell testing, indicate that 
histamine release rarely, if ever, occurs. 

Pavulon is antagonized by acetylcholine, anticholinesterases, 
and potassium ion. Its action is increased c inhalational anesthet- 
ics such as halothane, diethyl ether, and methoxyflurane, as well as 
quinine, magnesium salts, hypokalemia, some carcinomas, and 
certain antibiotics such as neomycin, streptomycin, kanamycin, 
and bacitracin. The action of Pavulon may be altered by dehydra- 
tion, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents. 

Pavulon has no known effect on consciousness, the pain 
threshold, or cerebration. 


INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may also be employed to 
facilitate the management of patients undergoing mechanical 
ventilation. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ion. 
WARNINGS: PAVULON SHOULD BE ADMINISTERED IN 
CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS, WHO ARE FAMIL- 
IAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS 
THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD 
NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION. 

їп patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of Pavulon 
in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide 
has not been established with respect to the possible adverse 
effects upon fetal development. Therefore, it should not be used in 
women of childbearing potential and particularly during early 
pregnancy unless in the judgment of the physician the potential 
benefits outweigh the unknown hazards. There are insufficient data 
to support safe use of Pavulon in obstetrics, so such use is not 
recommended. 


PRECAUTIONS: Although Pavulon has been used successfully in 
many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of adminis- 
tered Pavulon is excreted unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: The most frequently not- 
ed adverse reactions consist primarily of an extension of the drug's 
pharmacological actions beyond the time period needed for sur- 
gery and anesthesia. This may vary from skeletal muscle weakness 
to profound and prolonged eletal muscle relaxation resulting in 
respiratory insufficiency or apnea. Inadequate reversal of the 
neuromuscular blockade by anticholinesterase agents has also 
been observed with Pavulon (pancuronium bromide) as with all 
curariform drugs. These adverse reactions are managed by manual 
or mechanical ventilation until recovery is judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon. 

Respiratory: One case of wheezing, responding to deepening of 
the inhalational anesthetic, has been reported 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent volatile 
inhalational anesthetics such as halothane, diethyl ether, enflur- 
ane, and methoxyflurane. No increase in intensity of blockade or 
duration of action of Pavulon is noted from the use of thiobarbitu- 
rates, narcotic analgesics, nitrous oxide, or droperidol. 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinylcholine is used before 
Pavulon, the administration of Pavulon should be delayed until the 
succinylcholine shows signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. The dosage 
information which follows has been derived from dose-response 
studies based on body weight and is intended to serve as a guide 
only. Since potent inhalational agents or prior administration of 
succinylcholine enhance the intensity of blockade and duration 
of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental 
dosage. 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. 
per kg. Later incremental doses starting at 0.01 mg. per kg. may be 
used. These increments slightly increase the magnitude of the 
blockade, and significantly increase the duration of blockade, 
because a significant number of myoneural junctions are still 
blocked when there is clinical need for more drug. 

If Pavulon is used to provide skeletal muscle relaxation for 
endotracheal intubation, doses of 0.06 to 0.1 mg. per kg. are 
recommended. Conditions satisfactory for intubation are usually 
present within 2 to 3 minutes. The ability of the anesthetist to 
intubate with Pavulon (pancuronium bromide) improves with expe- 
rience. 

Dosage in Children; Dose-response studies in children indicate 
that, with the exception of neonates, dosage requirements are the 
same as for adults. Neonates are especially sensitive to non- 
depoanzing neuromuscular blocking agents, such as Pavulon, 
during the first month of life. It is recommended that a test dose of 
0.02 mg. per kg. be given first in this group to measure responsive- 
ness. 


MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCK- 
ADE: Residual neuromuscular blockade beyond the time period 
needed for surgery and anesthesia may occur with Pavulon as with 
other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume 
or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade. Under such circum- 
Stances the primary treatment is manual or mechanical ventilation 
and maintenance of a patent airway until complete recovery of 
normal respiration is assured. Regonol® (pyridostigmine bromide) 
or neostigmine, in conjunction with atropine. will usually antago- 
nize the skeletal muscle relaxant action of Pavulon. These should 
be accompanied by or preceded by injection of atropine sulfate to 
minimize the incidence of cholinergic side effects, notably exces- 
Sive secretions and bradycardia. Satisfactory reversal can be 
judged by adequacy of skeletal muscle tone, and by adequacy of 
respiration. A peripheral nerve stimulator may also be used to 
monitor restoration of twitch height. Failure of prompt reversal 
(within 30 minutes) may occur in the presence of extreme debilita- 
tion, carcinomatosis, and with concomitant use of certain broad 
Spectrum antibiotics, or anesthetic agents and adjuncts which 
enhance neuromuscular blockade or cause respiratory depression 
of their own. Under such circumstances the management is the 
same as that of prolonged neuromuscular blockade; ventilation 
must be supported by artificial means until the patient has resumed 
control of his respiration. Prior to the use of reversal agents, 
reference to the specific package insert of the reversal agents 
should be made. 


CAUTION: Federal law prohibits dispensing without prescription. 


HOW SUPPLIED: 
2 ml. ampuls—2 mg. /ml.—box of 25 
5 ml. ampuls—2 mg. /ml.—box of 25 
10 ml. multiple dose vials—1 mg. /ml.—box of 25 
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NARCOTIC 
ANESTHESIA 


* Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN" 
(naloxone HCI) 

e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e The degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent. 


Arecent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia.' 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCO» 


e Maintain subjective analgesia 


THE METHOD: 

e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I. V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-02. 
Increments of 0.1 mg fentanyl 
were given І.У. every 10 
minutes during surgery. 

Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increments f 
at 1 minute intervals untilthe =, 
patient was awake, lucid and . 
1. Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 had adequate tidal and minute 
NARCAN? is an Endo registered U.S trademark; U.S. Pat 3.254 088 volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 


group of 6 patients received "ED 


supplemental naloxone I.M 
30 minutes after the initial 
|. V. dose. 


11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 175 hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-0». Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 
was given as needed. For 

initial narcotic reversal, 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given I.M. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an І.М. dose 
of naloxone equal to half the 
I.V. reversal dose and given 7? 
hour later provided adequate 
narcotic reversal. 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NALOXONE TO ANTAGONIZE FENTANYL 
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5 


40 
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Contro 30 


ARTERIAL CARBON DIOXIDE 
Sir ti^ (TORR) 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 1. enel and postoperative PaCOz пб Pens 
receiving | V апа! M. naloxone following fentan) 


THE RESULTS 
(morphine group): 

After other narcotics, such as 
morphine, an I.M. dose of 
naloxone equal to the I. V. dose 
appears appropriate: 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NALOXONE TO ANTAGONIZE MORPHINE 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 


120 150 180 2! 240 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


‘rative РаСО;» in 11 patients 
norphine 


Fig. 2. Control and postope 
receiving | V апа! M naloxone following r 


THE CONCLUSIONS: 
"Naloxone provides fast, 
potent, and reliable antagonism 
to narcotic-induced respiratory 
depression: 


"By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia 15 
maintained: 


"Both morphine and fentanyl 
groups had adequate anal- 
gesia, with only 2 patients [of 
total 21] requiring pain medi- 
cation in the recovery room: 
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e reverses all degrees of 
narcotic-induced respiratc ry 
depression 


e does not cause narcotic-like 
effects 


e does not augment non- 
narcotic depression 


• acts rapidly —generally within 
2 minutes following l.V. use 
and slightly less rapidly when 
given І.М. 


e does not lead to tolerance 


* does not produce psychoto- 
mimetic effects or pupillary 
constriction 


e can be repeated if initial dose 
doesn't produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


e following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of 
some narcotics may exceed 
that of NARCAN* 


Please see next page for com- 
plete prescribing information 


Endo Laboratories, Inc. 


Subsidiary of Е.І. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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-restored consciousness 
reversed narcotic-induced 
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-maintained subjective analgesia 
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can reverse narcotic-induced respiratory depression . 
while maintaining subjective analgesia 
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DESCRIPTION NARCAN" (naloxone hydrochloride), a narcotic antagonist. ıs a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methy! group on the nitrogen 
atom is replaced by an allyl group. 


CH; CH-CH, 
N 
2 ie 
HO о о 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone НС!) 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether 

МАКСАМ" (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg and 0.4 
mg of naloxone hydrochloride per ml. Each ml of either strength contains 8 5 mg of sodium chlo- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1. pH is 
adjusted with hydrochloric acid 

ACTIONS МАКСАМ“ (naloxone hydrochloride) is an essentially pure narcotic antagonist, i.e., it 
does not possess the "agonistic" or morphine-like properties characteristicof other narcotic 
antagonists; NARCAN® (naloxone hydrochloride) does not produce respiratory depression, psycho- 
lomimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity 

In the presence of physical dependence on narcotics NARCAN* (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence 

When МАКСАМ” (naloxone hydrochloride) is administered intravenously the onset of action is gen 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN® (naloxone hydrochloride). Intramuscular adminis: 
tration produces a more prolonged effect than intravenous administration. The requirement for 
repeat doses of NARCAN" (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized 

INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine 

МАКСАМ“ (naloxone hydrochloride) is also indicated for the diagnosis of suspected acute opiate 
overdosage 

CONTRAINDICATIONS NARCAN™ (naloxone hydrochloride) is contraindicated л patients known to 
be hypersensitive to it 

WARNINGS NARCAN® (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 
Opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 


The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN® (naloxone hydrochloride) should be 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN® (naloxone hydrochloride) 

NARCAN* (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs 

Usage in Pregnancy Safe use of МАКСАМ“ (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN* 
(naloxone hydrochloride) should be administered to Pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 

PRECAUTIONS In addition to МАКСАМ“ (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning 


In an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 


NARCAN 


naloxone HCl) 


either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given МАКСАМ“ (naloxone hydrochloride) 
IV. at 9 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN* (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability 

ADVERSE REACTIONS In rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN" (naloxone hydrochloride) in doses higher than that recommended; a 
cause and effect relationship has not been established 

DOSAGE AND ADMINISTRATION NARCAN® (naloxone hydrochloride) may be administered intraven- 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations. 

Since the duration of action of some narcotics may exceed that of NARCAN* (naloxone hydrochlo- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known ог Suspected The usual initial adult dose is 0.4 
mg (1 ml) МАКСАМ“ (naloxone hydrochloride) administered I.V., I.M. or S.C. If the desired degree 
of counteraction and improvement in respiratory function is not obtained immediately following 
LV. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
significant improvement after 2 or 3 doses Suggests that the condition may be due partly or com- 
pletely to other disease processes or non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN" (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN* (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN* (naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia 

For the initial reversal of respiratory depression, МАКСАМ" (naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal i.e., adequate ventilation and alertness without significant pain or dis- 
comfort 

Repeat doses of NARCAN* (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect 

USAGE IN CHILDREN Narcotic Overdose —Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given I.V.. I.M. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN* (naloxone hydrochloride) can be diluted 
with sterile water for injection 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered I.V., I.M. or S.C. This dose may be repeated in accordance with adult 
administration guidelines, 

HOW SUPPLIED 0.4 mg/ml of NARCAN® (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration. 

Available in 1 ml ampuls in boxes of 10 and 100 

0.02 mg/ml of NARCAN* (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration 

Available in 2 ml ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDso is 150 +5 
mg/kg and 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and Partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg/day. 
МАКСАМ“ (naloxone hydrochloride) Ampuls 

Stocked in Military Depot, NSN 6505-00-079-7867 


€ndo Laboratories, Inc. 


Subsidiary of Е.І. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Now in your favorite color 


This is your opportunity to color coordinate 
your OR. Dupaco is offering the color of 
your choice on any Ventura or Palomar 
anesthesia apparatus at no extra charge. 
It's a machine you have to work with all 
day long... wouldn't it be nice if it was 
finished in your favorite color. Dupaco's 
Ventura and Palomar anesthesia apparatus 
is designed to meet the most challenging 
requirements of the profession. Now is the 


time to put a little color in your life! Write 
for our apparatus catalog and we will 
return it with a color certificate that will 
entitle you to any single color of your 
choice, at no extra charge. 


DUPACO 


INCORPORATED 
P.O. Box 98, San Marcos, CA 92069 





hi-lo tracheal 
tubes" 


A high volume, low pressure cuf- 
fed endotracheal tube that inflates 
with a minimum of air pressure. 
Creates a no-leak seal, usually of 
less than 25 cm. H;O; avoids 
trauma to the tracheal wall. 

Softand plianttubes have a true 
murphy tip, intubate easily. Water 
clear, the tube fogs on exhalation, 
an instant monitor of patient res- 
piratory function. May be used 
orally or nasally. 


Other trademarks of NCC: holdtite™, vari- 

form", ventrol^, suture rib", versi-cath", 
maxi-flex & vac", RAE". 
*Covered under one or more of the following 
patents, U.S. Pat. No's 3,625,793, 3,605,750, 
3,508,554, 3,610,242, and patents pending. 
tUniversity of Pittsburgh 


Ncc satin-cath * 
& gluv set 


This sterile, disposable gluv set 
has met with overwhelming 
acceptance. 

The GENTLE-FLO* catheter 
has a SATIN-SLIP SURFACE" 
that provides smooth, non-bind- 
ing insertion into an endotracheal 
tube. 

The paperbacked glove slips on 
easily, fits either hand and is easily 
removed when suctioning is 
complete. The set also contains a 
waterproof receptacle. Pull the 
marked tabs and it opens and 
locks in position, ready to use for 
the receipt of sterile water. Equip- 
ped with VACTROL" connector, 
catheter suction may be simply 
regulated from full on to off. 

Available with catheters in all 
popular sizes. Packaged in a 
sterile peel-back paper pouch— 
50 sets/box. 


National Catheter... 
we make lifelines. 





pitt" trach 
speaking tube 


This speaking tube permits tra- 
cheostomy patients to converse. 
The emotional benefits are 
obvious. 

The hi-lo* cuff inflates easily to 
avoid tracheal damage. This pos- 
sibility is further removed because 
the clear tubing permits conven- 
ient bronchoscopic observation of 
the tracheal wall. The auxiliary air 
supply tube is to be connected to 
a humidified air oxygen outlet to 
achieve a speaking air flow. 

Equipped with Eross Safety 
Straps and removable spacers 
and adjustable collar, the trach 
tube is adaptable to fit any adult 
patient. The suction port, which 
may be locked, allows for suction- 
ing of the patient without remov- 
ing the respirator and introducing 
aflexiblefiberoptic bronchoscope, 
thus avoiding delays during this 
critical period. 


Manufactured with the precision medicine must demand. 


Home of the Sheridan Line of Catheters 


national 
catheter 
corp. 


| 


argyle. new york 12809 


ANECTINE - . 
(succinylcholine chloride) 


For controlled muscle relaxation 
adjunctive to anesthesia: 


` FLO-PACK for 
prolonged relaxation 


: instant-mix sterile powder interfaces with all 
major parenteral systems 
. (vacuum ог nonvacuum) 


- each unit complete—no needle or syringe 
needed 


- retains potency indefinitely ` 
~ по refrigeration required 


, unbreakable, sterile plastic injection 
& units of 500 and 1,000 mg 


INJECTION for 
` short-term relaxation 


- A product of choice for intubation 
and other short procedures 


- unique square bottle and bright yellow 
label Юг positive identification 


- ready for immediate use 

- 20 mg per cc... in 40 cc multidose vials ` 
- flip-top cap for easy. apening 

- single or multiple use 



















































































4NECTINE 
(succinylcholine chloride) 
THE LONG AND SHORT of 
‘surgical muscle relaxation 





1 


THIS DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 
CHARACTERISTICS AND HAZARDS. | 





T DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically itis a di-qua 
temary base consisting of the di-chloride salt of 
the di-choline ester of succinic acid. It is a white 
odorless, slightly bitter powder and very soluble 
in water. The drug is unstable with alkaline solu 
tions, but relatively stable in acid solutions 
depending upon the concentration of the solu 
fionandithe storage temperature. While solutions 
of succinylcholine chioride are sterilized by 
autoclaving. they should. nevertheless, be stored 
under refrigeration to preserve their potency 


INDICATIONS: Succinylcholine chloride is indi 
cated as an adjunct to anesthesia to induce 
skeletal muscle relaxation It may be employed 
to reduce the intensity of muscle contractions 
of pharmacologically or electrically induced 
convulsions 


CONTRAINDICATIONS: Succinylcholine 15 
contraindicated for persons with a known hyper 
sensitivity fo the drug 

WARNINGS 





WARNING: SUCCINYLCHOLINE SHOULD | 
BE USED ONLY BY THOSE SKILLED IN THE 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 

INSTANTLY AVAILABLE FOR ENDOTRA- | 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, | 
INCLUDING THE ADMINISTRATION OF | 
OXYGEN UNDER POSITIVE PRESSURE AND 
THE ELIMINATION OF CARBON DIOXIDE | 
| THE CLINICIAN MUST BE PREPARED TO | 
| ASSIST OR TO CONTROL RESPIRATION 











Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe 
or administered simultaneously during intra 
venous infusion through the same needle 
fions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline ir 








reaction. Depending upon the resultant pH of a 
mixture of solutions of these drugs. either free 
barbituric acid may be precipitated or suc 
cinylcholine hydrolyzed 

Usage in Pregnancy The safe use of succin 
yicholine has not been established with respect 
to the possible adverse effects upon fetal devel 
opment Therefore. it should not be used in 
women of childbearing potential and particu 
larly during early pregnancy unless in the judg 
ment of the physician the potential benefits 
Outweigh the unknown hazards 


PRECAUTIONS: Low levels of, or abnormal vari 
ап of plasma cholinesterase may be asso 
Ciated with prolonged respiratory depressior 
orapnea following the use of succinylcholine 
Low levels of plasma cholinesterase may occur 
in patients with severe liver disease or cimosis. 
severe anemia malnutrition. severe dehydra 
"lion. changes in body temperature. exposure 
heurotoxic insecticides or those receiving 
limalanai drugs. Succinyicholine should be 
inislered with extreme care to such patients 
О dosage should be'minimal. If low plasma 
esterase activity is suspected, a small 
idose of from 5 lo 10 mg of succinylcholine 
be administered, or relaxation may be 
duced by the cautious adm inistration of a 
isolutioh of the drug by intravenous drip 
which eitherinhibit plasma cholinesterase 

















Succinyicholine should be administered with 
great caution to patients with severe burns, 
those recovering from severe trauma, those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have been digi- 
talized recently or who may have digitalis tox- 
icity as serious cardiac arrhythmias or cardiac 
arrest may result. Great caution should be 
Observed also in patients with pre-existing 
hyperkalemia or who are paraplegic have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease, 
as such patients tend to become severely 
hyperkalemic when succinylcholine is given. 

When succinylcholine is given over a pro 
longed period of time, the characteristic 
depolarization block of the myoneural junction 
moy change to a non-depolarizing block 
which results in prolonged respiratory denres 
sion or apnea. Under such circum stances. small 
repeated doses of neostigmine may possibly 
ac! as an antagonist. A peripheral nerve stimu 
lator (e.g.. the Wellcome Peripheral Nerve Stimu- 
lator) may be used to ascertain the type of 
neuromuscular blockade. If a depolarization 
block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus- 
tained, and post-tetanic facilitation is absent 
If a non-depolarizing block is present there is 
post-tetanic facilitation and “fade of succes- 
sive stimuli on both fast (tetanic) and slow 

twitch) rates of nerve stimulation 

Succinyicholine should be used with caution 
during ocular surgery and in patients with 

glaucoma. The drug should be employed with 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and 
hyperkalemia may be reduced by adminis 
tering a small dose of a non-depolarzing relax- 
ant If other relaxants are to be used during the 
same procedure, the possibility of a synergistic 
or antagonistic effect should be considered 
During the past few years, reports have called 
attention to a fulminant syndrome, malignant 
hyperthermia, observed during anesthesia. Its 
etiology is not fully understood. Malignant hyper 
thermia occurs in genetically prone individuals 
of all ages and both sexes receiving potent 
anesthetics such as halothane. methoxyfiuo 
thane. cyclopropane and diethyl ether It 
appears to develop irrespective of the con 
comitant use of a muscle relaxant, but may be 
triggered oy succinylcholine. Because of the 
seriousness of this syndrome and the need for 
early effective treatment of the patient, it is sug 
gested that the continuous monitoring of the 
temperature will serve as an aid to the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's phar 
macological actions. Profound and prolonged 
muscle relaxation may occur, resulting in respira 
tory depression to the point of apnea. Hyper 
sensitivity to Ме drug may exist in rore instances 

The following adverse reactions have been 
reported: bradycardia, tachycardia, hyper 
tension, hypotension. arrhythmias. cardiac 
arrest, prolonged respiratory depression ог 
apnea. hyperthermia. increased intraocular 
pressure, muscle foscicu ation, postoperative 
muscle pain. myogiobinemia and excessive 
salivation 


MANAGEMENT OF ADVERSE REACTIONS 
Apnea:or prolonged muscle paralysis should 
be treated with controlled respiration 

The use of neostigmine to reverse a non 
depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinical pharmacology and the ex- 
penence and judgment of the clinician. When 
neostigmine is used atropine should also be 
administered 
SUPPLIED: Injection. Multi-dose vials, 20mg cc 
40 cc. boxes of 12 vials. Flo-Pack Sterile 
Powder 500 mg and 1,000 mg, boxes of 12 
Complete literature available on request 
from Professional Services Dept. PML 





/ Burroughs Wellcome Co. 
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Laryngoscope 


direct vision for difficult intubations 


The first flexible fiberscope specifically for 
endotracheal intubations. 

Portable, and with its own integral lighting 
system, the Flexible Fiber Optic Laryngo- 
scope is inserted into the trachea under dir- 
ect vision. 

The articulating end-tip enables it to be 
directed into position for passage through 
the vocal cords. The scope then acts as a 
guide over which the endotracheal tube is 
passed. 

When intubation is achieved, the scope is 
withdrawn leaving the tube in place. 

The complete Flexible Fiber Optic Laryngo- 
scope includes a 49 cm. flexible length, 
battery handle, 2 C cells, adjustable il- 
lumination, spare lamp and a special, foam- 
lined carrying case. 
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THE LONG AND SHORT of 
"surgical muscle relaxation 





INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 


] 
| 
THIS DRUG SHOULD BE USED ONLY BY | 
CHARACTERISTICS AND HAZARDS. | 

j 





" DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxont Chemically it is a di-qua 
temory base consisting of the di-chloride salt of 
the di-choline ester of succinic acid. It is a white 
odorless, slightly bitter powder and very soluble 
in water. The drug is unstable with alkaline solu 
tions. but relatively stable in acid solutions 
depending upon the concentration of the solu 
tionondihe storage tempercture. While solutions 
Of succinylcholine chloride are sterilized by 
autoclaving. they should. nevertheless, De stored 
under refrigeration to preserve their potency 





INDICATIONS: Succinylcholine chloride is indi 
cated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. It may be employed 
to reduce the intensity of muscle contractions 
of pharmacologically or electrically induced 
convulsions 


CONTRAINDICATIONS: Succinylcholine 15 
contraindicated for persons with a known hyper 
sensitivity to the drug 


WARNINGS. 











Шр CERES CÓ 
WARNING: SUCCINYLCHOLINE SHOULD 

BE USED ONLY BY THOSE SKILLED IN THE | 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, 
INCLUDING THE ADMINISTRATION OF 
OXYGEN UNDER POSITIVE PRESSURE AND | 
THE ELIMINATION OF CARBON DIOXIDE.. 
THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION 








Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe 
or administered simultaneously during intra 
venous infusion through the same needle. Sc 
tions of succinylcholine have an acid pH 
whereas those of barbiturates ore alkaline ir 
reaction. Depending upon the resultant pH of a 
mixture of solutions of these drugs. either free 
borbituric acid moy be precipitoted or suc 
cinylcholine hydrotyzed 

Usage in Pregnancy The safe use of succin 
yicholine has not been stablished with respect 
to the possible adverse effects upon fetal devel 
opment Therefore. i! should not be used in 
women of childbearing potential and particu 
larly during early pregnancy unless in the judg 
ment of the physician the potential ben efits 
outweigh the unknown hazards 


PRECAUTIONS: Low | or abnormal vari 
ants of plasma cholinesterase may be asso 
""eclated with prolonged respiratory depression 
or apnea following the use of succinylcholine 
Low levels of plasma cholinesterase may occur 
in patients with severe liver Cisease or cimhosis 
Severe anemia. malnutrition. severe dehydra 
ip. changes in body temperature, exposure 
ЧО neurotoxic insecticides or those receiving 
fimalanai drugs. Succinylcholine should be 
ministered with extreme care to such patients 
dosage should be’minenal. If low plasma 
inesterase activity is suspected, a small 
























"be administered. or relaxation may be 
Bduced by the cautious cdministration of a 
Ж solution of the drug by intravenous drip 
swhich either inhibit plasma cholinesterase 
mus neostigmine or phospholine iodide. or 
np with succinylcholine for the enzyme 
intravenous procaine, should not be 
concurentiy with succinylcholine 


Succinylcholine should be administered with 
great caution to patients with severe burns, 
those recovering from severe trauma, those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have been digi- 
talized recently or who may have digitalis tox- 
icity as serious cardiac amhythmias or cardiac 
arrest may result. Great caution should be 
observed also in patients with pre-existing 
hyperkalemia or who are paraplegic have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease, 
as such patients tend to become severely 
hyperkalemic when succinylcholine is given. 

When succinvicholine is given over a pro 
longed period of time. the characteristic 
depolarization block of the myoneural junction 
may change to a non-depolarizing block 
which results in prolonged respiratory denres- 
sion or apnea. Under such circumstances, small 
repeated doses of neostigmine may possibly 
act as an antagonist. A peripheral nerve stimu 
lator (e.g.. he Wellcome Peripheral Nerve Stimu- 
lator) may be used to ascertain the type of 
neuromuscular blockade. If a depolarization 
block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus- 
tained, and post-tetanic facilitation is absent 
If a non-depolarizing block is present there is 
post-tetanic facilitation and “fade” of succes- 
sive stimuli on both fast (tetanic) and slow 

twitch) rates of nerve stimulation 

Succinyicholine should be used with caution 
during ocular surgery and in patients with 
glaucoma. The drug should be employed with 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cause 

additional trauma. Muscie fasciculations and 
hyperkalemia may be reduced by adminis 
tering a small dose of a non-depolanzing relax 
ant. If other relaxants are to be used during the 
same procedure. the possibility of a synergistic 
or antagonistic effect should be considered 
During the past few years. reports have called 
attention to a fulminant syndrome, malignant 
hyperthermia, observed during anesthesia. Its 
etiology is not fully understood. Malignant hyper 
thermia occurs in genetically prone individuals 
of all ages and both sexes receiving potent 
anesthetics such as halothane. methoxyfluo 
thane, cyclopropane and diethyl ether It 
appears to develop irrespective of the con 
comitant use of a muscle relaxant. but may be 
triggered by succinyicholine. Because of the 
seriousness of this syndrome and the need for 
early effective treatment of the patient, it is sug 
gested that the continuous monitoring of the 
temperature will serve as an aid to the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's phar- 
macological actions. Profound and prolonged 
muscle relaxation may oc cur, resulting in respira- 
tory depression to the point of apnea. Hyper 
sensitivity to the drug may exist in rare instances. 

The following adverse reactions have been 
reported: bradycardia, tachycardia, hyper 
tension. hypotension, arrhythmias, cardiac 
arrest, prolonged respiratory depression Ог 
apnea, hyperthermia. inc reased intraocular 
pressure, muscle foscicuiation postoperative 
muscle pain, rryoglobinemia and excessive 
salivation 


MANAGEMENT OF ADVERSE REACTIONS: 
Apnea:or prolonged muscle paralysis should 
be treated with controlled respiration 

The use of neostigmine to reverse a non 
depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinical pharmacology and the ex- 
perience and judgment of the clinician. When 
neostigmine is used atropine should also be 
administered 
SUPPLIED: Injection. Multi-dose vials, 20 mg cc 
40 cc. boxes of ^2 vials. Flo-Pack Sterile 
Powder 500 mg and 1,000 mg, boxes of 12 
Complete literature available on request 
from Professional Services Dept. PML 
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new 
flexible 
Fiber 


Optic 
Laryngoscope 


direct vision for difficult intubations 


The first flexible fiberscope specifically for 
endotracheal intubations. 

Portable, and with its own integral lighting 
system, the Flexible Fiber Optic Laryngo- 
scope is inserted into the trachea under dir- 
ect vision. 

The articulating end-tip enables it to be 
directed into position for passage through 
the vocal cords. The scope then acts as a 
guide over which the endotracheal tube is 
passed. 

When intubation is achieved, the scope is 
withdrawn leaving the tube in place. 

The complete Flexible Fiber Optic Laryngo- 
scope includes a 49 cm. flexible length, 
battery handle, 2 C cells, adjustable il- 
lumination, spare lamp and a special, foam- 
lined carrying case. 


VoLuME 55, No. 2, MARCH-APRIL, 1976 


(33) 





integral lighting, plus fiber optics 
forever eliminate “blind” intubations 


1. Pass the flexible length through an endotracheal tube. 
The right hand controls end-tip deflection. The left hand 
introduces the scope through the nose, and advances it 
along the posterior wall of the pharynx and beyond the 
epiglottis. 

Deflect the end-tip to see the larynx... 


2. and pass it through the cords, into the trachea to a depth 
of about 5 cm. 


The scope provides a clear, direct view of the internal 
anatomy as it travels along the respiratory tract. 


3. When the end-tip is well in place within the trachea, 
simply advance the endotracheal tube. The scope acts as a 
stylet for the tube, making proper intubation a virtual 
certainty. 

4. Remove the scope when intubation is completed. 
== шш шыш eee AA ыз шыш MAX ша шша ыша eee шыш шына A AM 
Please rush [O product literature, Г] research article reprints. 
О | am interested also in a demonstration of the AO 

Flexible Fiberoptic Laryngoscope. 


Name 


Title 





Representing 


Street 
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City, State, Zip 
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American 
Optical 


MEDICAL DIVISION 
Crosby Drive, 
Bedford, MA 01730 
617 275-0500 
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L 
AHEAD CONGRESS 


" MARCH 6-10, 1977 


Jutermational Anesthesia Research Society 


DIPLOMAT RESORT AND COUNTRY CLUBS 
HOLLYWOOD, FLORIDA 


CALL FOR PAPERS 





August 2, 1976—Deadline for submission of titles and 
abstracts. Application forms will be available May 1, 
1976 from: John T. Martin, M.D., Chairman, Program 


Committee, Medical College of Ohio at Toledo, P. O. 
Box 6190, Toledo, Ohio 43614. 
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A Technic of General Anesthesia for 
Blepharoplasty and Rhytidectomy 


HERZL KATZ, M.D.* 
ROY C. MACHIDA, M.D.+ 
D. GARETH WOOTTON, M.D.+ 
ROBERT AMONIC, M.D.+ 


A series of 66 consecutive cases of blepharo- 
plasty and rhytidectomy are reported, 60 of 
which were performed with a general anes- 
thesia technic utilizing local anesthesia with 
epinephrine, in association with enflurane in- 
halation delivered via bilateral nasopharyngeal 
airways (BNPA). Six cases were not suitable 


Lo anesthesia with epinephrine and 
preoperative basal sedation is used in 
the majority of blepharoplasties and rhyti- 
dectomies. Frequently, however, because of 
patient restlessness during the lengthy pro- 
cedure, IV hypnotic or narcotic supplemen- 
tation is needed, with the associated danger 
of hypoventilation or loss of airway control 
in a poorly accessible field. 


There appears to be reluctance to rou- 
tinely use general endotracheal anesthesia 
because of the added anesthesia risks and 
dangers involved, and the concern about 
possible increased incidence of hematomas 
under the extensive skin flaps. Many pa- 
tients, however, are concerned about being 
awake and suffering discomfort during the 
long procedure, which often is 3 to 4 hours 
in duration. 


An optimum technic of general anesthesia 
for blepharoplasty and rhytidectomy should 
provide the following: 


candidates for the technic because of physical 
status or for anatomic reasons. The technic 
has the advantage of providing airway control 
without tracheal intubation, light depth of an- 
esthesia, compatibility with epinephrine, and 
highly acceptable limits of intraoperative 
bleeding and postoperative hematoma. 


(1) 
(2) 


Maintenance of an adequate airway 


Controllable light levels of anesthe- 
sia 


(3) Anesthetic agents compatible with 


epinephrine 
(4) 
(5) 


Acceptable intraoperative blood loss 


Minimal postoperative hematoma 
formation 


(6) 
(7) 
(8) 


Minimal bucking and straining 
Smooth emergence from anesthesia 


Minimal postanesthetic morbidity 


In our hands, a technic utilizing local an- 
esthesia with epinephrine in association with 
enflurane inhalation delivered through bi- 
lateral nasopharyngeal airways (BNPA) 
has proved successful. We report a series of 
66 consecutive cases of combined blepharo- 
plasty and rhytidectomy, of which 60 were 
judged suitable for this anesthetic technic. 


*Clinical Instructor, Department of Anesthesiology, University of California, Los Angeles, California. 


Clinical Instructor in Surgery, Division of Plastic Surgery, University of California, Los Angeles, California. 
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A 


FIGURE. BNPA, flexible connector, and elephant tubes are led over chin and chest. Sterile stockinette 


is placed over the connector. 


PROCEDURE 
'The BNPA technic was first described in 
1969 by Elam and associates.':? Patients are 
monitored with precordial stethoscope, BP 
cuff, and continuous ECG. After an induc- 
tion dose of barbiturate, 2 well-lubricated 26 
French Rusch red-rubber nasopharyngeal 
airways with adapter preattached are gently 
and cautiously advanced through the nares 
and choanae and directed posteriorly and 
inferiorly along the floor of the nasopharynx. 
When advanced completely, the airway ends 
will be positioned just below the tip of the 
epiglottis. The anesthesia machine and an- 
esthesiologist can be positioned at either 

side of the patient (figure). 


A folded sheet or sandbag is placed lon- 
gitudinally under the patient’s back, for ade- 
quate neck extension; flexion or incomplete 
extension may cause the BNPA to kink and 
obstruct the airway. The adequacy of the 
airway can now be tested by turning the 
head from side to side and observing bag 
movement as an index of obstruction. 


In approximately 90% of patients with 
the BNPA technic, it is possible to assist 
or control respirations as long as the glot- 
tis remains patent, because the tongue and 
soft pharyngeal structures collapse to form 


a seal about the tubes. Elam! demonstrated 
that the esophageal opening pressure of 15 
to 25 cm H,O exceeds the 10 to 20 cm H,O 
bag pressure which will produce excess oral 
gas “pop-off,” so that positive bag pressure 
can be applied and overflow gases vented 
orally with little danger of inflating the 
stomach. 


Maintenance flows of N,O-O, (2 L:2 L) 
and 1.0 to 2.5%, enflurane are delivered; the 
actual concentration inhaled by the patient 
is less than this because of some air-mixing 
in the oropharynx. The surgeon infiltrates 
initially with a suitable local agent with epi- 
nephrine to a maximum of 100 „g, an 
amount safely compatible with enflurane; 
local epinephrine is injected again at appro- 
priate intervals.? Systolic pressures are usu- 
ally maintained in the 80 to 100 torr range. 


Spontaneous respirations are usually ade- 
quate in volume, as measured by Vortex 
respirometer, and are assisted at intervals. 
If gross leaks are present, vaseline gauze 
may be used to seal the nares about the 
tubes. Constant monitoring of bag move- 
ment as evidence of airway patency is essen- 
tial. 


The patient is taken to the recovery room * 
with the BNPA in place. Airways are well 
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tolerated, without bucking, until the patient 
is awake, usually within 15 minutes of ar- 
rival. 


THE SERIES 

Our series included 66 consecutive women 
who underwent both blepharoplasty and 
rhytidectomy. АП patients were seen pre- 
operatively and postoperatively, and 6 pa- 
tients were omitted from the study as un- 
suitable candidates for the BNPA technic. 
Of these, 2 had histories of previous nasal 
surgery, one had moderate obstructive re- 
spiratory disease, and 3 had short, receding 
chins and limited head extension, suggest- 
ing that airway maintenance with BNPA 
would be difficult. We elected to intubate 
this group orotracheally immediately on in- 
duction. 


Patients ranged in age from 43 to 67 
years (mean 56); 88% were in the 43 to 64 
age range. Fifty-six patients were ASA class 
I; 4 were in class II. All procedures were 
performed by the same group of physicians. 
Blood loss was estimated visually from 
drapes and sponges. 


RESULTS 

During our early experience, the level of 
anesthesia lightened precipitously and la- 
ryngeal spasm occurred in 4 cases. It was 
necessary to partially undrape the field and 
intubate orotracheally; an endotracheal tube 
Should always be available for such an emer- 
gency. However, with more experience, this 
has not occurred in our last 35 consecutive 
cases. 


Total anesthesia time ranged from 2% 
to 5 hours; 83% of the cases were 3 to 4 
hours in duration. We have had no episodes 
of gastric inflation, silent regurgitation, or 
aspiration clinically demonstrable during 
these lengthy procedures. Blood loss was 
estimated between 125 and 600 ml (mean 
285 ml). 


'There were no hypotensive episodes, and 
no transfusions were required (table). The 
postoperative hematoma rate was 3.3% (2 
patients); only one of these was returned 
to the operating suite for evacuation of ex- 
tensive clots. Patients were uniformly grate- 
ful that they had been anesthetized for the 
procedure. 


DISCUSSION 
We do not use the BNPA technic in pa- 
tients with a history of previous nasal sur- 
gery, severe nasal obstruction, nasal polyps 
or allergies, or patients with anatomically 
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TABLE 
Complications and Morbidity 

Number Percent 
Intubated intraoperatively 4 7 
Hypotension 0 0 
Excitement emergence 4 T 
Epistaxis 0 0 
Postoperative hematomas 2 3.3 
Nausea 5 8 
Vomiting 7 12 
Headache 6 10 





hazardous head and neck configurations, 
such as short or receding chins, bull-neck, 
or limited head extension, preferring to in- 
tubate these patients immediately on induc- 
tion. Though we are well aware of the po- 
tential hazard, we have not had any prob- 
lems with gastric inflation or silent regur- 
gitation. As a rule, patients who desire this 
procedure are in good general health, ASA 
class I or II, although many are in the six- 
ties age group. We do not accept ASA class 
III patients for this highly elective proce- 
dure. 


As mentioned, the breathing bag must be 
watched constantly for evidence of airway 
obstruction and adequacy of ventilation 
volume. The surgeon must be cooperative in 
maintaining proper extension of the head. 
When necessary, the head must be turned 
gently to avoid dislodging the airways. 
Should there be any airway difficulties, the 
surgeon must be prepared to stand aside 
immediately so that the anesthesiologist 
can assess the problem and intubate if re- 
quired. Close cooperation between surgeon 
and anesthesiologist is a necessity. 
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Cardiovascular Dynamics After Large Doses of 
Fentanyl and Fentanyl Plus №0 in the Dog 
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'The effects of large doses of fentanyl (0.05 to 
2 mg/kg) and fentanyl plus №0 on cardiovas- 
cular dynamics were determined in 10 unpre- 
medicated dogs breathing 100% O. Using 
computer analysis of the central aortic pulse- 
pressure curve, stroke volume (SV), cardiac 
output, heart rate (HR), peripheral vascular 
resistance (PVR), and systolic, diastolic, and 
mean arterial blood pressures (BP) were deter- 
mined while fentanyl was being given at a 
rate of 0.3 to 0.44 mg/min. Fentanyl caused a 
dose-related decrease in HR, which was sig- 
nificant at 0.05 mg/kg. Cardiac output, PVR, 
and systolic, diastolic, and mean arterial BP 
were also decreased and SV increased. The lat- 
ter changes became significant at 0.1 mg/kg 


Е 1- (2-phenethyl) -4- (п-ргоріо- 
nylanilino)-piperidine, in doses of 0.02 
mg/kg, has little effect on left ventricular 
dynamics in the neurally intact, blood-per- 
fused dog heart.? In man, 10 „g/kg of 
fentanyl significantly increases stroke volume 
(SV) and cardiac index (CI).? These data 
suggest that large doses of fentanyl and O, 
may represent an attractive alternative to 
morphine and O, anesthesia for critically ill 
patients. However, while fentanyl has ap- 
proximately 130 to 180 times the analgesic 
potency of morphine,*? its amnesic proper- 


*Fellow in Anesthesiology and Artificial Organs. 


for diastolic BP; 0.15 mg/kg for cardiac output 
and mean BP; 0.25 mg/kg for SV and systolic 
BP; and at 1.25 mg/kg for peripheral vascular 
resistance. Addition of N2O after fentanyl did 
not significantly change any parameter, al- 
though SV, cardiac output, and HR were usu- 
ally increased and PVR decreased. 


These data demonstrate that, while large doses 
of fentanyl or fentanyl plus N-O do alter car- 
diovascular dynamics in dogs, the changes ap- 
pear to be less profound than those produced 
by equianalgesic doses of morphine. Our find- 
ings suggest that large doses of fentanyl-Os 
may be an attractive alternative to morphine- 
О» anesthesia in critically ill patients. 


ties have not been established. It is, there- 
fore, diffcult to know what dosages will be 
required for complete anesthesia in man, 
and what the cardiovascular effects of these 
doses will be if fentanyl is used as the sole 
anesthetic. This study was undertaken to 
investigate the cardiovascular effects of a 
range of high doses of fentanyl alone and 
fentanyl plus N.O in the dog. 


METHODS 


Ten fasted, unpremedicated mongrel dogs, 
average weight 17 kg (range 15 to 22 kg), 
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served as experimental subjects. Each ani- 
mal had an IV infusion of lactated Ringer's 
solution started in a foreleg prior to anes- 
thesia, was induced and intubated after 5 to 
10 mg/kg of sodium thiopental and 2 mg/kg 
of succinylcholine, and was ventilated with 
100% O, at tidal volumes of 5 to 12 ml/kg 
with a volume-limited respirator. Respira- 
tions were controlled to maintain Paco, be- 
tween 30 and 35 torr, as measured in aortic 
blood every 15 minutes. 


Immediately after intubation, a Teflon 
catheter was implanted in the femoral artery 
through a small groin incision and threaded 
20 to 35 cm to the central aorta. The aortic 
pressure catheter was attached via a Stat- 
ham P23 Db arterial pressure transducer 
to a central digital computer substation 
(Tektronix® memory oscilloscope) in the 
laboratory. Warner’s method of analyzing 
the central aortic pulse-pressure curve was 
used to determine cardiac output, SV, arte- 
rial BP and peripheral vascular resistance 
(PVR), and heart rate (НК). Occasion- 
ally, additional 1 to 5 mg/kg doses of sodi- 
um thiopental and 1 mg/kg doses of suc- 
cinylcholine were required to maintain anes- 
thesia until the aortic catheter was in place. 
Following placement of ECG leads on the 
extremities and a 15-minute equilibration 
period, control (pre-fentanyl) measure- 
ments of HR, SV, cardiac output, SVR, and 
systolic, diastolic, and mean arterial BP 
were obtained. Fentanyl (0.06 mg/ml) was 
then administered IV as a continuous infu- 
sion at a rate of 0.3 to 0.44 mg/min in lac- 
tated Ringer’s solution. Additional data 
were obtained following infusion of 0.05, 
0512 0:15; 0:25, 0.5, 0.75, 1, 1.25, 1.5, 1.75, 
and 2 mg/kg of the drug. The inspired gases 
were then changed to 50% N.,O in O», and 
after a 20-minute equilibration period, a 
final set of data was taken. Data were 
analyzed for statistical significance using 
Student's paired t-test. 


RESULTS 


Changes in cardiovascular dynamics ver- 
sus dose of fentanyl are given in the table. 
Fentanyl caused a dose-related increase in 
SV and decrease in HR, systolic, diastolic, 
and mean arterial BP, and peripheral vas- 
cular resistance. While HR was significantly 
decreased after 0.05 mg/kg of fentanyl, it 
took 0.1 to 0.25 mg/kg to produce signifi- 
cant changes in SV and arterial pressures 
and 1.25 mg/kg to significantly alter periph- 
eral vascular resistance. Cardiac output was 
also reduced by fentanyl. 'The major propor- 
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tion of the reduction occurred prior to 0.25 
mg/kg. Additional fentanyl had little fur- 
ther effect on cardiac output. 


Addition of 50% N.O after 2 mg/kg of 
fentanyl did not significantly alter any car- 
diovascular parameter studied. However, 
most animals had small increases in HR, 
SV, and cardiac output and decreases in 
peripheral vascular resistance. In 3 dogs, 
addition of N.O increased cardiac output 
by more than 500 ml/min. No dog experi- 
enced any arrhythmia either during fentanyl 
administration or after the addition of N.O 
to the inspired mixture of gases. 


DISCUSSION 


Large doses of IV morphine (0.5 to 3 
mg/kg) plus O, has little effect on myo- 
cardial dynamics and has, therefore, become 
popular as an anesthetic technic for criti- 
cally ill patients undergoing cardiac and 
other major operative procedures.*5 How- 
ever, hypotension,’ hypertension,’ in- 
creased blood requirements,!? antidiuresis,! ! 
and incomplete amnesia? have been demon- 
strated to be disadvantages of morphine-O. 
anesthesia. Fentanyl, a potent, short-acting 
synthetic narcotic, also produces no detect- 
able cardiovascular depression in doses equi- 
analgesic to anesthetic doses of morphine, !? 
and possesses the additional advantages of 
not causing histamine release and being 
easily reversible with naloxone.? 


While the combination of fentanyl and 
droperidol, a butyrophenone, is reputed to 
cause minimal changes in myocardial con- 
tractility!? and cardiovascular dynamics!? 
and has achieved clinical acceptance as an 
anesthetic for critically ill patients, recent 
data suggests that droperidol in clinically 
used dosages significantly impairs left ven- 
tricular function.! On the basis of the above, 
large doses of fentanyl, as the sole anes- 
thetic, plus О„ has been advocated and 
seems reasonable as an alternative anesthet- 
ic technic to morphine-O, for critically ill 
patients. However, the amnesic qualities 
of doses of fentanyl that are equianalgesic 
to morphine are unknown. 


A study in preoperative patients compar- 
ing fentanyl (0.5 mg) with an equianalgesic 
dose of meperidine (500 mg), a drug not 
noted for its amnesic actions, found that the 
former resulted in significantly less amnesia 
than the latter.14 This suggests that ex- 
tremely large doses of fentanyl may be re- 
quired to achieve amnesia when used as the 
sole anesthetic. 
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Our present study of the cardiovascular 
effects of 0.05 to 2 mg/kg of fentanyl in 
unatropinized dogs demonstrates that these 
enormous doses of fentanyl are associated 
with significant decreases in HR, cardiac 
output, arterial BP, PVR, and increases in 
stroke volume. While most of the param- 
eters measured were progressively changed 
by increasing fentanyl dosages, almost all 
the decrease in cardiac output had occurred 
by the time 0.15 mg/kg was given. There- 
after, further decreases in HR were approxi- 
mately compensated by simultaneous de- 
creases in PVR and increases in stroke vol- 
ume. This maintained cardiac output rela- 
tively constant. 


The greatest decrease in output in any 
of the animals was 53%, and no animal had 
a systolic arterial BP «89 torr at any time. 
Addition of 50% N.O after 2 mg/kg of 
fentanyl, instead of producing cardiovascu- 
lar depression as was expected, did not 
significantly change any cardiovascular pa- 
rameter measured. Indeed, SV, cardiac out- 
put, and HR were usually increased by N4O. 
These data suggest that enormous doses of 
fentanyl are at least as, and possibly more, 
benign on canine cardiovascular dynamics 
as comparable doses of morphine. 


Both morphine and fentanyl significantly 
decrease peak developed tension and the 
maximum rates of tension development and 
relaxation in proportion to dose in isolated 
saline-perfused rat heart muscle.” How- 
ever, neither has a significant effect on 
myocardial contractility in blood-perfused 
hearts.1:2:15 Although a detailed comparison 
of the cardiovascular effects of a range of 
comparable doses of morphine and fentanyl 
in intact animals has not been published, 
Schmidt and Livingston! found that 1 
mg/kg of morphine injected IV produced 
marked decreases in canine HR and arterial 
BP, which lasted for 10 minutes. 


Gardocki and Yelnosky* found that com- 
parable doses of fentanyl (0.005 mg/kg) 
have no effect on HR and arterial BP in 
dogs, and that 0.01 to 0.04 mg/kg of fen- 
tanyl produced 15 to 30% less reduction in 
arterial BP than did 1/3 the equianalgesic 
dose of morphine (0.5 to 2 mg/kg) in dogs. 
Our data in this study show that 2 mg/kg 
of fentanyl reduces systolic arterial BP an 
average of 2695. Schmidt and Livingston! 
found that approximately half of a com- 
parable dose of morphine (200 mg/kg) re- 
sulted in complete cardiovascular collapse 
and death in dogs. 


i 


The most immediate cardiovascular change 
produced by fentanyl in this study was 
bradycardia, HR being reduced an average 
of 25% after 0.05 mg/kg and an average of 
52%, after 2 mg/kg. Gardocki and Yelnosky* 
demonstrated that bradycardia produced by 
0.04 mg/kg of fentanyl in dogs can be sig- 
nificantly decreased by premedication with 
atropine (1 mg/kg IV) or surgical vagoto- 
my. They also showed that fentanyl-induced 
bradycardia can be completely reversed, 
once produced, with 0.1 to 0.5 mg/kg of IV 
atropine. This was not investigated in the 
present study, but in another investigation 
(unpublished data) we have shown that the 
above doses of atropine, given either as pre- 
medication or after administration of 1 
mg/kg of fentanyl, while not completely 
preventing or reversing bradycardia, will 
significantly decrease it. Atropine also re- 
duced decreases in cardiac output and arte- 
rial BP. 


It could be reasoned that fentanyl in the 
doses used in this study would produce 
greater cardiovascular depression in unstim- 
ulated supine man than in intubated, mini- 
mally anesthetized dogs already subjected 
to the stimulation of a groin incision. That 
our animals may have been under some sym- 
pathetic stimulation is suggested by the 
high mean cardiac output (3.5 L/min or 
203 ml/kg/min versus a normal of 139 ml/ 
kg/min) 17 HR and arterial pressures during 
the control period. On the other hand, start- 
ing with animals already under sympathetic 
stimulation may have magnified the depres- 
sant effects of fentanyl in our study. Indeed, 
the greatest decreases in heart rate (25%) 
cardiac output (—17%) and arterial BP 
(—12 to 17%) occurred during administra- 
tion of the first 0.05 mg/kg of fentanyl. 
Subsequent increments of the drug produced 
much less change. In fact, it took all the 
rest of the 1.95 mg/kg of fentanyl adminis- 
tered to duplicate the initial percentage de- 
crease in heart rate. 


The cardiovascular effects and amnesic 
qualities of such doses of fentanyl as were 
used in this study are unknown in man. 
Stoelting and coworkers? found that 0.01 
mg/kg of fentanyl produced no significant 
changes in mean arterial BP, HR, cardiac 
index, SV, and peripheral arterial resistance 
in supine, preoperative patients with valvu- 
lar heart disease premedicated with fentanyl 
and scopolamine. This dose of fentanyl is 
equianalgesic to 2 mg/kg of morphine in 
the mouse.t Unfortunately, the analgesic 
and amnesic qualities of fentanyl were not 
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evaluated in Stoelting's patients.? However, 
they did show that addition of 60% N.O 
significantly reduced mean arterial pressure, 
cardiac index, and HR, and suggested that 
the CI and BP reductions were primarily 
due to a decrease in HR. 


It is interesting that although the changes 
were not significant, 50% N O tended to 
increase HR and cardiac output in our dogs 
after 2 mg/kg of fentanyl. Why N:O acts 
differently in the dog after large doses of 
fentanyl than it does in man with smaller 
doses is unclear at this time. 
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OXYGEN AND MYOCARDIAL INFARCTION SIZE 


Interventions that improve 


the balance between myocardial oxygen supply and demand may reduce the size of 
a myocardial infarction. The present investigation sought to determine the influence 
of O» administration on myocardial infarction size following coronary artery ligation 
in the dog. The average ST segment elevation was reduced and CPK release less 


following coronary artery ligation breathing 40% 

20% О». It was postulated that increased oxygen 
constituted the mechanism by which 40% oxygen reduced acute ischemic 
Breathing pure O» was not found to be more beneficial than 40% Os. 


02 as compared with breathing 
availability to ischemic areas 
injury. 
An FIO. of 


0.4 may be appropriate in the treatment of patients with acute myocardial infarction. 
(Maroko PR, Radvany P, Braunwald E et al: Reduction of infarct size by oxygen 
inhalation following acute coronary occlusion. Cir 52 1360-368, 1975) 
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Anesthetic Considerations in Diffuse Bleeding 
Diathesis of Uncertain Origin 
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S. YOUNES, MD§ 
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This is a report of a case of a diffuse bleeding 
tendency in a pregnant woman who presented 
for emergency splenectomy with a tentative 
diagnosis of thrombotic thrombocytopenic pur- 


ag Ант for emergency surgery with 
bleeding diathesis is a major anesthet- 
ic problem. Disseminated intravascular co- 
agulation (DIC) and thrombotic thrombo- 
cytopenic purpura (TTP) are examples of 
two such conditions. Following is a report 
of a patient with a bleeding diathesis, ten- 
tatively diagnosed as TTP on our clinical 
and hematologic findings. In TTP, the basic 
problem is multiple organ failure due to 
hyaline thrombus formation in the arteri- 
oles and capillaries.! Until recently, TTP 
was almost invariably fatal.2 With the ob- 
servation that splenectomy (in addition to 
massive doses of steroids, heparinization, 
and antiplatelet-aggregating drugs such as 
aspirin and dipyridamole) has improved the 
prognosis significantly, anesthesiologists can 
expect to be confronted more frequently 
with such patients.?? On the other hand, 


pura. The influence of multiple organ dysfunc- 
tion in the selection of appropriate monitors 
and the anesthetic technic in such cases are 
complex. 


patients with DIC may present for control 
of bleeding in certain obstetric emergencies 
such as abruptio placentae, prostatic sur- 
gery, or after brain, liver, or lung damage."* 
The anesthetic literature is devoid of any 
guidelines for the rational management of 
such patients and is the reason for this 
report. 


CASE REPORT 

A 22-year-old Caucasian woman was ad- 
mitted to another hospital with a presump- 
tive diagnosis of hemolytic anemia. After 5 
days, she was transferred to Loyola Uni- 
versity for evaluation and treatment and 
was found to be 20 weeks pregnant. A ten- 
tative diagnosis of TTP was entertained on 
the basis of low platelet count, hemolysis, 
changing mental status, fever, and hema- 
turia. Examination revealed splenomegaly, 
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TABLE , 


Laboratory Data 
(Figures in parentheses are normal values) 





11/13 11/16 11/18 11/19 11/25 
Hemoglobin (14 + 2 mg %) — 6.8 8.5 9.9 11.5 
Hematocrit (42 + 5%) — 21.0 24.0 29.7 34.5 
Reticulocytes (0.5-1.5%) 23.5 12.8 = = = 
Platelets (200,000-400,000 
cu m) — — 10,000 5,000 49,000 
Coagulation profile and 
plasminogen system normal 
BUN (9-22 mg/dl) — 11.0 17.3 49.0 17.0 
Bilirubin T (0.2-1.5 mg/dl) = 1.5 22 3:1 — 


Electrolytes: Na*, 145; K*, 5; Cl-, 104; СО», 19.4; glucose, 95 mg/dl 


Blood film on 11/18 showed the cells to be normocytic, normochromic histiocytes 3+, micro- 
spherocytes 2+, platelets markedly decreased. Sternal marrow: hypercellular 3+. Mega- 


karyocytes: adequate to increased. Erythropoiesis: 
bacteria, 2+; albumin, 3+, WBC, clumps; RBC, 2-3 HPF. Chest 


normoblastic. Urinalysis: blood, 2+; 


x-ray: pulmonary infil- 


trates; changes consistent with pulmonary edema. ECG: within normal limits; sinus tachy- 


cardia. EEG: diffuse encephalopathy. 


multiple ecchymoses over both extremities, 
bleeding gums, and a small left retinal hem- 
orrhage in a stuporous patient responding 
only to painful stimuli, but without focal 
neurologic deficit. X-ray revealed pulmo- 
nary congestion with rhonchi and rales over 
both lung fields on auscultation. Laboratory, 
ECG, x-ray and EEG reports are shown in 
table. 


Digitalis and diuretics had been started 
earlier, to which was added acetylsalicylic 
acid 900 mg; methylprednisolone 300 mg; 
dipyrimadole 100 mg; each 6 hourly via 
nasogastric tube. 


Anesthetic Management.—The patient 
was premedicated with 0.4 mg of atropine 
IV and then preoxygenated for 5 minutes. 
Anesthesia was induced with 10 mg of pan- 
curonium bromide followed by 150 mg of 
thiopental; cricoid pressure was exerted 
until endotracheal intubation had been 
achieved. Maintenance was with N.O-O, 
(3:3) and a supplement of 2 ml of Inno- 
var®. Frothy material was present on endo- 
tracheal suctioning and central venous pres- 
sure (СУР) was 22 cm H,O. In view of this, 
chlorpromazine was given to a total of 22.5 
mg. By the end of the 2-hour operation, the 
blood loss was partly replaced with packed 
cells, the СУР had fallen to 11 cm H,O, 
and 130 ml of urine had been produced. 
Postoperatively, she was ventilated at an 
Fio, of 0.5 to maintain a Pao, >100 torr. 


The following morning she was not fully 
conscious; her wound continued to ooze, she 
had bloody nasogastric aspirate, and had re- 
ceived 4 units of packed cells. As she then 
started to lose blood vaginally, labor was 
induced by membrane rupture and pitocin 
infusion. Shortly thereafter, an 800-gm fetus 
was born, surviving for 7 hours. The pla- 
centa was normal, and neither blood studies 
nor autopsy revealed any fetal abnormali- 
ties. 


By the 2nd postoperative day, she had 
improved sufficiently to permit spontaneous 
ventilation and subsequent extubation. She 
now responded to both tactile and verbal 
stimuli. On the 3rd postoperative day, im- 
provement continued, bleeding started to 
abate, and the platelet count rose daily to 
120,000/cu m on the 7th day. By the 10th 
day, she was transferred to the original hos- 
pital. 


Histopathology—The spleen (315 gm) 
was considerably enlarged. The parenchyma 
was uniformly violaceous, with few discern- 
ible follicles. The splenic artery and vein 
were patent. Numerous follicular and peni- 
cillar arteries were found to be occluded by 
microthrombi. The red pulp had a few 
foci of hematopoiesis with megakaryocytes. 
These morphologic changes were interpreted 
to represent intravascular coagulation, sug- 
gestive of thrombotic thrombocytopenic pur- 
pura. 


Diffuse Bleeding Diathesis . . . Dalal, et al 


r DISCUSSION 

The symptom pentad of TTP? includes: 
(1) thrombocytopenic purpura, (2) hemo- 
lytic anemia, (3) changing mental status, 
(4) fever, and (5) renal involvement. A 
clinical diagnosis of TTP could not be posi- 
tively differentiated from DIC from some 
other cause in this patient. Some features, 
common to both diseases, such as intravas- 
cular coagulation and microthrombi, causing 
multiple organ failure, are worthy of anes- 
thetic consideration. 


Preoperatively, measures to bring such 
patients to optimum condition include: 


(1) Control of cardiac failure by digitalis 
and diuretics. In addition, peripheral vaso- 
dilation will benefit the patient by its effect 
as internal phlebotomy, possible improve- 
ment of renal perfusion, and by reducing the 
tendency to “sludging” and further throm- 
bosis. 


(2) Maintenance of adequate tissue oxy- 
genation, which may be difficult in the pres- 
ence of pulmonary insufficiency, low cardiac 
output, and low hemoglobin, some of which 
is free in the plasma and not contributory 
to О» transport. 'The pulmonary insufficien- 
cy from the multiple infarcts and incipient 
pulmonary edema may be helped by CPPB 
or CPAP, which may produce a rise in ar- 
terial O, tension. While this must be bal- 
anced against hypotension produced by the 
reduction in venous return, it may possibly 
improve both oxygenation and cardiac out- 
put.9.10 


(3) Monitoring should include blood pres- 
sure, CVP, and possibly left atrial or pul- 
monary wedge pressure via a 4-channel 
Swan-Ganz catheter for combined right 
atrial and pulmonary wedge pressure moni- 
tors, as both sides of the heart may be in 
failure because of microemboli; in addition, 
it provides access to left atrial (arterial) 
blood for blood-gas analysis and can be used 
for all blood sampling, avoiding the risks of 
hematoma following venipuncture and pre- 
serving veins for the inevitable transfusions. 
Arterial punctures or cannulation in the 
presence of thrombotic processes may be 
open to criticism if the patient is not ade- 
quately heparinized. 


(4) Blood volume should be restored cau- 
tiously, with full monitoring of blood pres- 
sure, CVP, urine output, and left atrial 
pressure. It must be borne in mind that 
platelets may accelerate the disease process, 
especially in the absence of heparinization; 
fresh blood may be contraindicated, but 
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fresh frozen plasma is platelet poor and froz- 
en red cells are platelet free. 


(5) Fluid and electrolyte imbalance may 
be aggravated by renal failure and by the 
administration of steroids. Renal involve- 
ment occurs early, both as a result of the 
disease process and precipitation of the free 
hemoglobin in the plasma and in the renal 
tubules, the severity varying from micro- 
scopic hematuria to anuria. Alkalinization, 
diuretics, vasodilators (perhaps a specific 
renal vasodilator such as dopamine) should 
be considered. Dextran 70 may have a spe- 
cial place, as it acts by coating both vessels 
and platelets to prevent platelet aggrega- 
tion, which is the initial process in thrombus 
formation. 


(6) Serum K* values may be high from 
both hemolysis and renal involvement, and 
the use of a depolarizing agent such as suc- 
cinylcholine may precipitate ventricular ar- 
rhythmias and even cardiac arrest.!! How- 
ever, as most such cases are seen on an 
emergency basis, rapid relaxation and in- 
tubation are necessary to minimize the risk 
of aspiration of gastric contents and should 
be intense enough to permit atraumatic in- 
sertion of the endotracheal tube, essential 
in a patient with hemorrhagic diathesis. It 
has been shown that 0.15 mg/kg of pan- 
curonium achieves good intubating condi- 
tions within 30 seconds,!2 and this, com- 
bined with cricoid pressure (Sellick's ma- 
neuver), was the technic used here. 


(7) Fibrinolysis is either primary or 
secondary to DIC and extremely difficult to 
differentiate. Hence, administration of epsi- 
lon-aminocaproic acid (Amicar®), the drug 
of choice for primary fibrinolysis, is not rec- 
ommended unless it is given IV after a dose 
of 0.5 mg/kg of IV heparin. If Amicar is 
given to patients thought to have primary 
fibrinolysis, who had in fact DIC, disastrous 
thromboembolic complications can occur.!? 
In most cases, DIC can be successfully treat- 
ed by restoring blood volume, preferably 
with fresh blood, and by maintaining tissue 
perfusion. 


Most pregnancies in such cases terminate 
by stillbirth or abortion, but live births 
(3/10) have occurred, with the neonate 
showing no abnormalities. It should be 
mentioned that septic abortion with renal 
failure mimics TTP clinically, and evacua- 
tion of the uterus should be considered if 
there is no improvement in the clinical con- 
dition of the patient. 
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EPILOGUE 
This patient became pregnant again and 
delivered a normal 3030 gm male child on 
1/30/75 without problems. Her hematologic 
profile was normal. 
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PREGNANCY TEST Each year more than 12 million women of child bearing age are 
admitted to US hospitals. The possibility of early pregnancy should be considered in 
these patients prior to medical or surgical care. However, a survey of 224 hospitals 
with 200 beds or more revealed routine pregnancy tests were performed by only 3 
per cent of private and municipal hospitals, 20 per cent of hospitals for the mentally 
retarded and by no psychiatric hospitals. A pregnancy test is simple and inexpensive 
and easily performed on the urine samples collected on admission. Such a test should 
be performed on all women of child bearing age especially if they are scheduled for 
surgery or radiographic investigation. (Laubach GE Wilchins SA: Routine pregnancy 
test on admission to hospital. Am J Ob Gyn 123:691-694, 1975) 
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"Pentazepam" (Pentazocine + Diazepam) Supplementing 
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Salpingectomy by laparoscopy in 200 healthy 
outpatients employed local analgesia and “pen- 
tazepam" (pentazocine 90 mg and diazepam 
30 mg in 250 ml of 5% D/W) as anesthesia. 
Patients received no premedication, ventilated 
spontaneously, without tracheal intubation, but 
were given nasal O» at 3 L/min throughout the 
procedure. №0 was used for abdominal insuf- 


S ALPINGECTOMY through a laparoscope has 
become a common sterilization proce- 
dure. Surgically, this appears a relatively 
simple procedure, and large series have been 
reported!.? with few complications. 


'The high demand for this endoscopic pro- 
cedure and its apparent simplicity have en- 
couraged its consideration for ambulatory 
patients. However, from the anesthetic point 
of view, it is by no means a minor proce- 
dure. The insufflation of a highly diffusible 
gas, commonly СО», within the abdominal 
cavity, to separate the abdominal wall from 
its contents, brings about hypercarbia*:+ and 
its subsequent hemodynamic and metabolic 
effects. Even if CO, is substituted for N.O, 
the elevated intraabdominal pressures re- 
quired to attain the desired operative con- 
ditions exert undue pressure on the dia- 


flation, and the abdominal pressure and Tren- 
delenburg position were restricted to less than 
20 cm Н.О pressure and 30°, respectively. 
Changes in arterial blood gases measured in 
12 patients were unremarkable. Prolonged re- 
covery, unsatisfactory surgical conditions, tach- 
ycardia, nausea and vomiting were infrequent. 


phragm; in addition, if the frequently used 
Trendelenburg position is extreme, these 
factors combined would produce marked im- 
pairment of ventilation.5 


To assure proper respiratory function dur- 
ing this time and prevent the possible dan- 
gers of regurgitation and aspiration of gas- 
tric contents, endotracheal intubation has 
been recommended almost routinely. 'This 
technic, along with the use of muscle relax- 
ant drugs and other longer-lasting anesthetic 
agents, appears to be overtreatment for pa- 
tients who in a few hours will be returning 
home. 


'The foregoing considerations, and the de- 
sire for an alternative that would offer anes- 
thetic safety with proper operative condi- 
tions, led us to evaluate pentazepam, a com- 
bination of the analgesic pentazocine with 
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the tranquilizer-amnesic diazepam, which, 
jointly used with local analgesia, would pro- 
vide the expected conditions. 


METHODS 

This study includes 200 women between 
the ages of 22 and 43 years, all within ASA 
physical status I, electively scheduled for 
outpatient bilateral laparoscopic salpingec- 
tomy. None had a history of pelvic inflam- 
matory disease or of lower abdominal sur- 
gery. A physical examination, chest x-ray, 
urinalysis, hemoglobin, and blood count 
were performed the day before the proce- 
dure. Patients were instructed not to drink 
or eat anything after midnight and were 
given a complete explanation of the proce- 
dure. 


Admission to the hospital was scheduled 
for 0700 hr, and soon thereafter patients 
were taken to the operating room. An IV 
indwelling catheter was inserted, with lac- 
tated Ringer's solution. Monitoring was by 
precordial stethoscope, blood pressure cuff, 
and bipolar ECG. No premedication was 
given. 


After obtaining initial values of heart 
rate, arterial blood pressure, and respira- 
tion, the pentazepam solution, consisting of 
pentazocine and diazepam (90:30 mg) in 
250 ml of 595 D/W, was initiated as previ- 
ously described? at a rate of 30 ml/min. 'This 
rate was maintained until patients closed 
their eyes spontaneously and appeared to 
be in deep sleep, though they were able to 
follow commands (take a deep breath, open 
your eyes, etc) or responded to severe pain- 
ful stimulation. The remaining solution was 
then infused at a rate of 4 ml/min, until 
the moment of cauterization of the second 
uterine tube, at which time it was stopped. 


Even before patients closed their eyes 
completely, but when signs of somnolence 
were seen, they were placed in a modified 
lithotomy position and their abdomen and 
vagina were scrubbed with soap and anti- 
septic solutions. A cervical suction cannula 
was introduced and the bladder emptied by 
catheterization. After draping, 6 ml of 195 
lidocaine solution was injected in the lower 
rim of the umbilicus and underlying tissues. 


Operation was usually started before 0800 
hr. While lifting up the anterior abdominal 
wall, the surgeons inserted a Verres can- 
nula into the abdominal cavity, and М.О 
was initially insufflated until the abdomen 
appeared moderately distended. A 10-mm 
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trochar was then introduced through which 
a Wolf laparoscope was passed after enough 
N.O was insufflated to obtain adequate vis- 
ualization but never to exceed 20 cm Н.О 
pressure within the abdomen, the total 
amount of N.O insufflated ranging from 6 
to 9.5 L. At this time, the patient was placed 
in a 20° Trendelenburg position. Oxygen 
(3 L/min) was administered by nasal 
prongs and vital signs were monitored 
throughout. 


At the completion of the surgical proce- 
dure, patients were taken to the recovery 
room, evaluated by means of the Postanes- 
thetic Recovery (PAR) Score,’ and kept 
under close supervision until their discharge 
to the gynecologic outpatient recovery unit, 
remaining there until 1400 hr. Initially, to 
evaluate the effects of this technic on re- 
spiratory function, arterial blood gases and 
pH were measured in 12 patients. 


In some cases when unsatisfactory condi- 
tions were noted, the anesthesia was supple- 
mented by intermittent 25-mg doses of so- 
dium thiopental ог 50% N,O-O, inhalation 
by mask. In the event of surgical complica- 
tions requiring laparotomy, endotracheal in- 
tubation was performed with the aid of 
muscle relaxants and conventional anesthet- 
ic technics followed. All anesthetics were 
administered by either anesthesiology resi- 
dents or nurse anesthetists under the super- 
vision of staff anesthesiologists. 


RESULTS 
The mean age of the patients was 27.8 
years and average weight was 56.4 kg. The 
average anesthetic and operative time was 
39.4 and 24.8 minutes, respectively. 


Satisfactory operative conditions with 
pentazepam and lidocaine alone were ob- 
tained in 176 patients. In these, an average 
of 142 ml of pentazepam solution was re- 
quired to obtain the neuroleptic state simi- 
lar to that observed with the administration 
of Innovar®. In 24 patients, the entire 250 
ml was given. 


Sodium thiopental had to be administered 
in 10 cases, and more diazepam (5 to 10 mg 
IV) in 34 others. In addition, N.O was used 
as an adjuvant in 4 patients. 


Untoward Reactions.—Tachycardia ex- 
ceeding 25% of the preanesthetic heart rate 
was noted in 12 patients (5%), premature 
ventricular contractions and hypotension 
were seen only once each (0.5%) in sepa- 
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FIGURE. Average blood gas analysis in two groups 
of six patients each, breathing air and nasal oxygen. 


rate patients. The former was treated with 
60 mg of lidocaine HCl by IV bolus and the 
latter with fluid administration. Prolonged 
recovery (exceeding 120 minutes) was ob- 
served in 8 cases (4%). Nausea and vomit- 
ing occurred in 10 patients (5%). 


The average recovery room stay was 57 
minutes, with mean PAR scores at arrival 
of 8.08, all patients achieving scores of 10 
before being discharged to the ward. 


Because of surgical complications, 6 pa- 
tients were hospitalized, 4 having undergone 
laparotomies either at the time or within 
24 hours of the laparoscopy. One patient 
suffered a small skin burn from the cau- 
tery. 


Blood-Gas Analysis (figure) .—In the first 
group of 6 patients allowed to breathe room 
air, a decline of Pao, was noted during the 
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first 30 minutes of the procedure. This, how- 
ever, was prevented in the subsequent 6 pa- 
tients, in whom nasal O, was administered 
at the rate of 3 L/min. Changes in CO,, pH, 
and bicarbonate were not significant. 


'The mean postanesthetic scores at recov- 
ery-room arrival and progress to discharge 
are shown in the table. 


DISCUSSION 


In view of current trends, it is likely that 
bilateral salpingectomy will be increasingly 
frequent for permanent sterilization. Use of 
the laparoscope has greatly facilitated this 
operation, with minimal tissue injury. 


It remains a challenge to the anesthesi- 
ologist to develop a technic that will avoid 
patient discomfort and pain and permit sat- 
isfactory surgical conditions without sacri- 
ficing patient safety. For socioeconomic rea- 
sons, an outpatient basis is also a desirable 
factor. (In other words, let us not give a 
6-hour anesthetic for a 30-minute opera- 
tion.) In this spirit, the technic described, 
which preserves adequate respiratory ex- 
change without the need of endotracheal in- 
tubation, was developed. This maneuver, 
though safe in most instances, carries a cer- 
tain morbidity and requires muscle relaxa- 
tion and/or a deep level of anesthesia. 


We previously reported the application of 
pentazepam as a supplement to local anal- 
gesia for laryngoscopy,? bronchoscopy, ven- 
triculojugular shunt revision, and inguinal 
herniorrhaphy? in elderly patients. Also, 
semiawake poor-risk patients with full stom- 
ach were intubated endotracheally with sat- 
isfactory results.? Other authors have used 


TABLE 


Postanesthetic Recovery Scores in Patients Undergoing 
Laparoscopic Tubal Ligations 




















Score Arrival 15 minutes 30 minutes 60 minutes 
Number of 
patients 200 200 184 (92) 160 (80) 

10 58 (29) 105 (52.5) 151 (82) 143 (89.4) 
9 63 (31.5) 54 (27) 12 (6.5) 8 (5) 
8 39 (19.5) 19 (9.5) 9 (5) 1 (0.6) 
7 22 (11) 12 (6) 4 (2.2) 8 (5) 
6 10 (5) 2 (1) 8 (4.3) 0 
5 8 (4) 8 (4) 0 0 


Figures in parentheses indicate percentage. 
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this combination for minor gynecologic pro- 
cedures,!^ as a supplement to regional anes- 
thesia,!! and for cardiovascular surgical pro- 
cedures.!? 


Throughout these observations, the fol- 
lowing pharmacologic advantages appear 
evident: minimal hemodynamic alterations, 
with no change of heart rate; moderate anal- 
gesia; excellent amnesia; and adequate seda- 
tion. A certain degree of respiratory depres- 
Sion can occur in cases of excessive dosage; 
however, this is usually compensated by 
surgical stimulation or can be easily antag- 
onized by the administration of the analep- 
tic, doxapram НСІ. Overdosage can also re- 
sult in prolonged recovery and occasionally 
in nausea and vomiting. 


In the event of inadequate analgesia and 
sedation, small doses of diazepam, thiopen- 
tal, or inhalation of N.O were enough to 
achieve quasi-ideal conditions. This fact 
warrants the need for an experienced anes- 
thesiologist at “the head of the table," and 
we would not advise its use without vigilant 
attention to the patient. 


'The high percentage of patients arriving 
at the recovery room with PAR scores of 10 
indicates the alertness of these patients at 
this moment, most of whom could have been 
sent directly to the ward (table). 


The amnesic properties of diazepam are 
invaluable, since the majority of patients 
barely remembered the initiation of the 
venoclysis and had no recall of what went 
on during the procedure, though they were 
able to communicate with the anesthesi- 
ologist. Though sedation was satisfactory, 
pharyngeal and laryngeal reflexes were 
maintained active, with patients either swal- 
lowing or coughing whenever salivary secre- 
tions were present. 


The fact that premedication was not nec- 
essary saved time, expense, and discomfort 
to the patient, permitting faster recovery. 
As before," we feel that if specific premedi- 
cation is required for a technic to be effec- 
tive, that technic is not completely depend- 
able. 


The apparent effectiveness of pentazepam 
for this operation may be due to the close 
adherence to the following guidelines agreed 
to by the surgeon-anesthesiologist team: 


1. Consider only healthy women, within 
ASA class I. 


2. Avoid CO, for insufflation. 
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3. Limit intraabdominal pressure to 20 
cm H,O. 


4. Limit the operating time to 40 min- 
utes. 


9. Limit the Trendelenburg position, 
when needed, to 30? incline. 


If any of these standards cannot be fol- 
lowed, we recommend other conventional 
anesthetic technics.?-^ 


By following these guidelines some other 
complications such as pneumothorax,!? nar- 
rowing of pulse pressure due to large-vessel 
compression,? and occasional sore throat!* 
will also be prevented. Hypercarbia and hy- 
poxemia, noted in other studies*:4.15.16 algo 
can be avoided. 


The need for О„ supplementation in these 
procedures was also substantiated in a study 
by Baratz and Karis,? who noticed that 
even intubated patients undergoing laparo- 
scopy with controlled ventilation needed to 
breathe at least 5095 O. to maintain ade- 
quate Paos. 
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POSTOPERATIVE PAIN The efficacy of transcutaneous electrical stimulation in 
alleviating acute pain following abdominal or thoracic operations was evaluated in 
a prospective study. Forty-seven of 61 patients (77 per cent) experienced pain relief 
with transcutaneous electrical stimulation. Of these, 15 patients experienced complete 
pain relief and required no analgesic medication. Most were able to cough and breath 
deeply without significant pain during stimulation. Thirty-two of 39 patients (83 per 
cent) experienced no pain relief with mock stimulation. Transcutaneous electrical 
stimulation may serve as a useful adjunct to the postoperative alleviation of pain 
without the depressant or addictive hazards present with narcotics. (VanderArk GD,. 
McGrath KA: Transcutaneous electrical stimulation in treatment of postoperative pain. 


Am J Surg 130:338-340, 1975) 


MECONIUM ASPIRATION A retrospective study of 125 infants born through meco- 
nium stained amniotic fluid was performed. Forty-three newborns developed respiratory 
distress and 8 died. Of 97 infants receiving tracheal suction in the delivery room only 
27 developed respiratory distress and 1 died. In contrast, 16 of 28 patients not receiv- 
ing immediate tracheal suction developed respiratory distress and 7 died. Steroids 


and antibiotics did not alter the outcome. 


Immediate tracheal suction and removal 


of meconium are important in the management of infants born through meconium 
stained amniotic fluid. (Ting P, Brady JP: Tracheal suction in meconium aspiration. 


Am J Ob Gyn 122 :767-771, 1975) 
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Survival Following Massive Pulmonary Hemorrhage 
Complicating Pulmonary Embolectomy: A Case Report 


STUART B. WOLLMAN, MD* 
LAWRENCE С. KUSHINS, МОТ 


New Hyde Park, New York} 


Continued employment of extracorporeal cir- 
culation provides for adequate oxygenation 
despite massive pulmonary hemorrhage. How- 
ever, this modality requires continuing hepa- 
rinization, which seems to preclude control of 
the hemorrhage. The longer bleeding persists, 
the more the pulmonary damage. Further, the 
problems of massive volume replacement will 


M» pulmonary hemorrhage has 
been reported to complicate pulmo- 
nary embolectomy when pulmonary circula- 
tion is reestablished. Of 8 reported cases of 
acute pulmonary hemorrhage,!? only 1 pa- 
tient survived. We are presenting the case 
of a second survivor, with a discussion of 
this entity and of therapy utilized in suc- 
cessful treatment. Although others!? have 
minimized the role of reversal of hepariniza- 
tion with protamine, the dramatic response 
of our patient to this measure should be 
brought to the attention of cardiovascular 
surgical teams. 


PATIENT HISTORY 


A 37-year-old man suffered a ruptured 
spleen, fractured pelvis, lacerated left kid- 
ney, and multiple fractures of his left lower 
rib cage in an automobile accident оп No- 
vember 12, 1974, undergoing a splenectomy 
and repair of the lacerated kidney on that 
date. Postoperatively, his pulmonary status 
was a major problem, with extensive con- 


*Staff Anesthesiologist. 
TResident in Anesthesiology. 


be added to this catastrophe. The authors be- 
lieve that rapid discontinuance of extracor- 
poreal bypass, reversal of heparinization with 
protamine, aggressive pulmonary suctioning, 
and alternate ventilation with 10095 Os were 
responsible for their good result. Arterial hy- 
poxemia was avoided despite pulmonary suc- 
tion yielding 1500 ml in 17 minutes. 


solidation of the left lung field on x-ray. 
Рао, on room air was 34 torr on the 2nd 
postoperative day. He was treated with 
100% О, by face mask, bringing his Pao; 
to 54 torr. He rapidly improved in the next 
24 hours, so that Fro, was gradually re- 
duced to 0.45, with Pao, in the range of 60 
to 70 torr. On the 8th postoperative day, 
his Pao, on room air was 66 torr. 


The possibility of fat embolism was treat- 
ed with 1 gm of IV methylprednisolone so- 
dium succinate NF on 2 successive days, 
although no diagnosis was proven. Heparin 
(5000 units) had been given subcutaneously 
twice a day as prophylaxis for the pro- 
longed bed rest contemplated in the treat- 
ment of his pelvic fractures, starting on 
November 15 and continuing for 2 weeks. 
On November 28, 1974, following ambula- 
tion, the patient developed diaphoresis, 
tachycardia, hypotension, and fever (39.4 
C). He complained of “tight” precordial 
chest pain. The ECG exhibited inverted 'T 
waves over the precordium. A lung scan 
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showed a right upper lobe defect. Pulmo- 
nary angiography demonstrated a saddle 
embolus in the main pulmonary artery as 
well as right upper lobe and left middle lobe 
involvement. After a total of 26 hours with- 
out improvement, he was taken to the oper- 
ating room for pulmonary embolectomy and 
clipping of the inferior vena cava. 


On arrival in the operating room, vital 
signs were temperatures 39.4 C, pulse 132 
bpm, respiration 28/min, BP 90/60 torr. 
СУР was 20 cm H,O. Because of his precari- 
ous cardiovascular status, ketamine was used 
for induction and pancuronium for endo- 
tracheal intubation. Blood gases, with the 
patient breathing 100% O, via a semiclosed 
anesthesia system, were pH 7.40, Расо, 33 
torr, and Pao, 129 torr. Anesthesia was 
maintained with 2% fluroxene in O.. After 
heparinization with 300 units/kg, extracor- 
poreal bypass via a Bentley membrane oxy- 
genator and Sarnes pump was instituted. 
The ascending aorta was cannulated and the 
venae cavae were cannulated via the right 
atrium. Moderate hypothermia to 33 C was 
induced. Two percent fluroxene, 2% CO,, 
and 96% O. were administered via pump. 


Upon opening the pulmonary artery, mul- 
tiple clots were found in the main, right, 
and left pulmonary arteries and their lobar 
branches. Both lungs were severely blanched. 
Pulmonary embolectomy was performed 
with forceps, Foley catheter, pulmonary 
massage, and suctioning. Upon closure of 
the pulmonary artery and institution of par- 
tial bypass, both lungs were noted to be 
rigid and not expanding with ventilation. 
Almost immediately, massive amounts of 
bloody fluid were noted in the endotracheal 
tube. 


Rapid IV administration of 0.25 mg of 
digoxin, 40 mg of furosemide, and 1 gm of 
hydrocortisone produced no reduction in 
hemorrhage. Upon noting 1500 ml of suc- 
tioned blood in a period of 17 minutes, 
extracorporeal bypass was abandoned and 
4 mg/kg of protamine was administered. 
Hemorrhage stopped almost immediately. 
Sixty minutes elapsed between hepariniza- 
tion and the start of protamine administra- 
tion. Blood gases drawn during this episode 
and the subsequent half hour showed Pao; 
ranging from 160 to 285 torr. Ventilation 
was with 100% O, during this period except 
during endotracheal suction. Mild acidosis 
was treated with 89.2 mEq of NaHCO,. Re- 
warming had commenced with closure of the 
pulmonary artery, and the patient’s rectal 
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temperature was 36C when bypass was 
concluded. 


Ligation of the inferior vena cava and 
operative closure were uneventful. Postop- 
erative chest x-rays initially revealed “a 
left lower lobe infiltrate, a small left pleural 
effusion, atelectasis of the right base, and 
an infiltrate of the right cardiophrenic 
angle." Postoperative arterial blood gases 
showed steadily decreasing alveolar:arte- 
rial differences in O, levels. Follow-up chest 
x-ray showed steady improvement, and no 
further pulmonary embolization or hemor- 
rhage was evidenced. The patient's most 
persistent problem was phlebitis of the left 
leg, which was treated with heparin on the 
5th postoperative day and later changed to 
sodium warfarin. He was discharged on the 
23rd postoperative day. 


DISCUSSION 


The etiology of massive pulmonary hem- 
orrhage following pulmonary embolectomy 
is unclear. Common to all cases is a period 
of hypotension and pulmonary hypoperfu- 
sion with damage to pulmonary capillaries, 
leading to hemorrhagic pulmonary infarc- 
tion when blood flow is reestablished follow- 
ing embolectomy. While it is not clear from 
the literature, reports of the use of Carlens 
endobronchial tubes to isolate unilateral 
pulmonary bleeding! suggest this complica- 
tion to be the result of local injury due to 
the embolus, although our patient showed 
no evidence of unilateral hemorrhage. 'This 
problem has occurred with both short! and 
long?* periods between embolization and 
embolectomy, with a high incidence of this 
problem expected in the “chronic” embolec- 
tomy patient.* 


Delayed pulmonary hemorrhage has been 
reported following embolectomy for chronic 
recurrent emboli.* However, this occurred as 
a late complication, hours after operation, 
and was of a lesser magnitude with a favor- 
able outcome. The use of cardiopulmonary 
bypass and heparinization is not standard 
for the removal of thrombi in “chronic” em- 
bolectomy, and when pulmonary hemor- 
rhage has been reported in the absence of 
bypass and heparin, it has been less severe 
and survival is more common. Hepariniza- 
tion appears to greatly increase the severity 
of postembolic pulmonary hemorrhage, al- 
though this entity has been reported in the 
absence of extracorporeal bypass in 1 case.? 


Makey's group! postulated corticosteroid- 
related abnormalities, since their 2 cases 
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and that published by Castleman? were 
either on chronic steroid therapy or showed 
adrenal pathology at necropsy. However, 5 
subsequent cases, including the single pre- 
vious survivor described by Couves and as- 
Sociates,? yielded no hint of steroid abnor- 
malities. 


Treatment of massive pulmonary hemor- 
rhage following pulmonary embolectomy 
presents a dilemma and a gamble to the 
operative team. 


We realize that our actions were a gamble 
that oxygenation could be maintained. How- 
ever, it was also clear that pulmonary hem- 
orrhage at the rate described, with no sign 
of abatement, would prove rapidly fatal. Our 
later search of the literature confirmed our 
instincts. Of 8 patients with acute hemor- 
rhage immediately following reinstitution of 
pulmonary circulation, 7 died. Only our 
patient and Couves' sole survivor were treat- 
ed with protamine after discontinuing by- 
pass. Of the 7 fatalities, only 1 patient was 
taken off bypass and given protamine. In 
that case, heparinization was apparently re- 
versed by slow titration, and then only after 
a prolonged period of pulmonary hemor- 
rhage. 


On the basis of the outcome of previous 
cases reported, we recommend the use of 
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protamine as rapidly as extracorporeal cit- 
culatory bypass can be abandoned. Since 
this complication occurs when the pulmo- 
nary artery is closed, such action does not 
compromise the operative procedure. The 
temptation to remain on bypass should be 
resisted. Such measures as digitalization, 
steroids, and diuretics may be of value but 
do not appear to have had a crucial influ- 
ence on the outcome. 


Although this is a strong position to take 
on the basis of only 2 survivors out of 9 
reported patients, the treatment we recom- 
mend is the only one that has, to date, 
proved successful. Only further experience 
will show if this course of action is con- 
sistently effective. 
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MYOCARDIAL PROTECTION Patients undergoing coronary revascularization are 
at an inereased risk if preinfarction angina and/or ventricular dysfunction (ejection 
fraction <0.4) are present (high risk patients). Postoperative mortality, infarction 
and need for inotropic support are greater in these patients as compared with patients 
without continuous angina or ventricular dysfunction (low risk patients). To reduce 
the hazard of ischemic injury the following principles of management are recommended: 
1) avoid extreme blood pressure changes, 2) monitor left ventricular filling pressure, 
3) vent the left ventricle, 4) perform all anastomoses during cardiopulmonary bypass, 
5) maintain perfusion pressure >75 Torr, 6) avoid extreme hemodilution, 7) avoid 
ventricular fibrillation, 8) use intermittent ischemia arrest, 9) repay О, debts by 
prolongation of cardiopulmonary bypass if neccessary. Employing these principles, 
the need for inotropic support, postoperative infarction and mortality were similar in 
high and low risk patients. (Olinger GN, Po J, Maloney JV et al: Coronary revascular- 
ization in high versus low risk patients. The role of myocardial protection. Ann Surg 
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Devs W. EAsTwoop can be described 
in many terms—intelligent, innova- 
tive, pragmatic, indefatigable. Those who 
have worked with him know him also as a 
superb clinician and teacher. 


Doug Eastwood was born the son of a 
minister in Ellsworth, Wisconsin, in 1918. 
Moving to Iowa, Doug completed his pre- 
medical education at Coe College and sub- 
sequently attended and graduated from the 
University of Iowa College of Medicine in 
1943. After a year’s residency in Internal 
Medicine at Detroit Receiving Hospital, he 
entered the United States Army and served 
in the European theater. On his return, he 
entered a residency in anesthesia at the Uni- 
versity of Iowa under the direction of Dr. 
Stuart Cullen. He continued his medical 
education following completion of his resi- 
dency, receiving a Master of Science in 
Pharmacology from the Graduate College of 
Iowa, after which he served as Instructor 
and Associate in the Department of Anes- 
thesia. 


Eastwood, M.D. 


Doug’s clinical and teaching objectives 
soon crystallized, and in 1950 he accepted 
a position as Chief of the Division of Anes- 
thesiology at Washington University, St. 
Louis. Four years later, Doug returned to 
the University of Iowa as Associate Profes- 
sor, and in 1955 was appointed Chairman of 
the Department of Anesthesiology at the 
University of Virginia Medical Center, 
Charlottesville. 


During the next 15 years in Charlottes- 
ville, Doug labored to develop a fledgling 
department into one that enjoys a national 
reputation as a training center. Many of his 
former residents continued in academic po- 
sitions, to further Doug’s clinical and re- 
search concepts. His greatest strength has 
always been the clinical classroom—the op- 
erating theater. His technical skill and 
superb judgment in a clinical setting are 
widely recognized and readily appreciated 
by his colleagues. As an innovator, Doug 
worked on the early development of ven- 
tilators and pulse monitors. The first use 
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of Computer-Assisted Instruction at the 
University of Virginia Medical Center was 
implemented by Doug Eastwood and sup- 
ported by the Department of Anesthesi- 
ology. 


His constant concern for improvement of 
teaching technics stimulated Doug to re- 
linquish his Chairmanship to take a year's 
leave of absence to seek further training in 
learning methodology. Toward this goal, he 
was appointed to the Lister Hill National 
Center for Biomedical Communication of 
the National Library of Medicine. During 
that period, he investigated the role of the 
academic community in the application of 
educational technology. 


In 1972, he joined the faculty at Case 
Western Reserve Medical Center as Pro- 
fessor of Anesthesiology, with a joint ap- 
pointment in the Division of Research in 
Medical Education. In these, his current 
positions, he is devoting most of his time to 
graduate medical education while yet main- 
taining close contact with clinical teaching 
in the operating room. 


Dr. Eastwood is a member of professional 
and scholarly societies which include Sigma 
Xi, the American Society of Anesthesiolo- 
gists, the International Anesthesia Research 
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Society, and the Association of University 
Anesthetists. He is a diplomate of the 
American Board of Anesthesiology and a 
Fellow of the American College of Anes- 
thesiologists. His professional activities in- 
clude many years of service to the ASA and 
particularly to the College. He has served 
as Chairman and Vice-Chairman of the 
ASA Annual Meetings, and as Chairman of 
the College Education Resources and Writ- 
ten Examination Committees. He has re- 
cently been nominated as President-Elect 
of the College. 


Since 1968, Doug has been an Associate 
Editor of Survey of Anesthesiology. His 
concern for education has carried him as a 
consultant to Tanzania for both the World 
Bank and the United Nations, to evaluate 
and make recommendations for the expan- 
sion of medical education in that country. 
His numerous scientific publications have 
been widely recognized, particularly his 
scholarly work on nitrous oxide. 


Doug and his lovely wife, Ruth, have 
four children and reside in Cleveland 
Heights, Ohio. 


It is with pleasure that we salute our 
colleague for his many talents and achieve- 
ments in medicine and anesthesia. 


PHENYLEPHRINE-NITROGLYCERIN The effects of combined intravenous nitro- 
glycerin and phenylephrine therapy on the sum of ST segment elevation (SST) was 
determined in 10 patients following acute myocardial infarction. Nitroglycerin reduced 


mean arterial pressure 22 Torr and left ventricular filling pressure 8 Torr. 


SST 


decreased 17 mm at the time of maximum hemodynamic effect. Addition of phenyl- 
ephrine to return the blood pressure to control levels also returned left ventricular 


filling pressure and ST segment elevation to near pre-nitroglycerin values. 


The 


reversal of the beneficial effects of nitroglycerin by phenylephrine suggests a major 
benefit of nitroglycerin is due to a reduction in left ventricular afterload. (Come PC, 
Flaherty JT, Baird MG et al: Reversal by phenylephrine of the bacterial effects of 
intravenous nitroglycerin in patients with acute myocardial infarction. NEJM 293: 


1003-1012, 1975) 
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Bacteriologic Aspects of Epidural Analgesia 


FRANCIS M. JAMES, 111, MD* 
RICHARD H. GEORGE, MB, ChB, MRCPath+ 
HAMID NAIEM, MB, BS, MRCOG} 
GARY J. WHITE, FIMLTS 


Тһе incidence of contamination of catheters 
and syringes used during epidural analgesia 
for parturients and the effectiveness of bac- 
terial filters were investigated. The effect of 
bupivacaine on bacterial viability and growth 
was also studied. Syringes in 5/101 cases were 
contaminated, while catheter tips located in 
the epidural space were sterile. Organisms iso- 
lated were skin commensals and probably orig- 


Er analgesia is used in general sur- 
gery, obstetrics, peripheral vascular dis- 
ease, and pain management. Prolonged or 
intermittent analgesia is achieved by placing 
a plastic catheter in the epidural space. 
Attending physicians concerned about the 
danger of infection from prolonged presence 
of catheters have questioned the practice of 
continuous epidural analgesia. Past studies 
have demonstrated that intravenous cannu- 
lae, central venous pressure catheters, and 
syringes all may be sources of infection.'-* 
In 1962, Barreto? found bacterial contami- 
nation in 3/35 epidural catheter tips, and 
Edwards and Hingson® reported an epidural 
abscess following caudal analgesia. 


Epidural analgesia is used for approxi- 
mately 2000 deliveries a year at the Bir- 
mingham (England) Maternity Hospital, 
where it is standard practice to place a bac- 
terial filter* between the hub of the epidural 
catheter and the local-anesthetic syringe. 





*Millex® disposable filter unit, US Pat 3471019, 
Millipore SA 78 Buc, France. 


inated on the hands of anesthetic personnel. 
Bupivacaine (0.25%) was bacteriocidal to 
S epidermidis and Corynebacterium spp at 37 C 
but not at room temperature. These findings 
illustrate the efficacy of using bacterial filters 
during continuous epidural analgesia. New 
syringes should be used for each epidural in- 
jection as insurance against seeding of bacteria 
in the presence of a defective filter. 


We investigated the incidence of contamina- 
tion of syringes and catheters used in epi- 
dural analgesia and the effectiveness of the 
bacterial filter. 


METHODS 

Syringes and epidural catheters used for 
analgesia during labor in 101 subjects were 
examined. All catheters were placed in the 
lumbar epidural space, using careful sterile 
technic. Anesthesiologists washed their 
hands and donned plastic apron, cap, mask, 
and sterile gloves prior to beginning the pro- 
cedure. The patient’s back was cleansed 
carefully with 2.5% iodine solution and 
draped in sterile fashion. After identifica- 
tion of the epidural space, a polyvinyl- 
chloride catheter was advanced 5 to 10 cm 
past the epidural needle tip and the needle 
removed. 


The skin was sprayed with plastic dress- 
ing, sterile gauze sponges were placed about 
the catheter, and both sponges and catheter 
were covered with plastic adhesive tape. 
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Next, a bacterial 0.22 ,m filter through 
which all local anesthetic solutions were 
injected was connected to the hub of the 
epidural catheter. Following a 2-ml test 
dose of 0.5%, lidocaine hydrochloride, anal- 
gesia was established with intermittent 8 to 
12 ml doses of 0.25 to 0.5% bupivacaine 
hydrochloride. 


At the Birmingham Maternity Hospital, 
the same 10-ml plastic syringe is often used 
for local anesthetic administration through- 
out labor and delivery. We did not attempt 
to influence whether or not syringes were 
changed, but the original syringe was 
marked for subsequent identification. АП 
syringes cultured had been used at least 
once. After delivery, syringes and catheters 
were examined for bacterial contamination. 
Syringes were cultured by aspirating 10 ml 
of nutrient broth through a sterile 21-gauge 
needle from a sterile universal container. 
The broth was drawn 1-2 ml past the 10 
ml mark on the syringe, gently swirled 
about, and reinjected into the sterile con- 
tainer. 


We attempted to prevent contamination 
of epidural catheters during removal from 
the patient's back. After removing the plas- 
tic tape and gauze sponge dressing, the skin 
about the epidural catheter was cleansed 
with 70%, alcohol and allowed to dry. Sterile 
gloves were worn while withdrawing the 
catheter, one hand holding the catheter at 
its point of entry into the skin, the other 
grasping the distal portion as it was with- 
drawn from the back. We cut the catheter 
into two portions, placing each segment in 
a separate sterile container. 


'The first 2-cm section of catheter was not 
cultured, tó decrease the chance of isolating 
bacteria from the skin entry site. The next 
4 to 6-cm segment was labeled “А.” The dis- 
tal 4 to 6 cm, “В,” represented the catheter 
tip, which had been located primarily in the 
epidural space. In the laboratory, 10 ml of 
nutrient broth were added to the catheter 
samples, which were then shaken mechani- 
cally for 10 minutes to suspend the bacteria. 
Syringe. and catheter specimens were cul- 
tured to isolate and enumerate bacterial con- 
taminants. A loopful of broth from all sam- 
ples was cultured at 37 C on 5% borse-blood 
agar and MacConkey agar (Lab M), under 
aerobic conditions, and 5%, blood agar an- 
aerobically with 595 added carbon dioxide. 


Further samples were cultured at room 
temperature on blood agar and MacConkey 
agar. А 1-ml sample was withdrawn asep- 
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tically from each container, mixed with 
molten cooled agar (oxide blood agar base 
72) and a pour plate made. Additional 
pour plates were made from broth diluted 
10-1 and 102. All plates were incubated for 
48 hours. If heavy growth occurred in the 
pour plates, the residual broth, which had 
been refrigerated overnight, was serially 
diluted tenfold to 10-5 and further pour 
plates made to determine the viable count. 
The remainder of the broth from samples 
showing no growth was incubated for 48 
hours to detect low levels of contamination. 


Gram-positive cocci which fermented glu- 
cose and produced catalase but not coagu- 
lase or deoxyribonuclease were classified as 
Staphylococcus epidermidis, and nonmotile, 
nonsporing gram-positive bacilli which grew 
on tellurite medium, fermented glucose, pro- 
duced catalase but not oxidase, and were 
not acid fast, were classified as Corynebac- 
terium species. 


Finally, we determined the ability of bac- 
terial isolates to survive in 0.25% bupiva- 
caine at 37 C and room temperature. Broth 
cultures of the organisms in the stationary 
phase were centrifuged and washed 3 times 
in warm saline solution, then suspended in 
warm saline to approximately 10-9 organ- 
isms/ml and 0.025 ml of the suspension was 
added to 5 ml of bupivacaine solution at the 
appropriate temperature. After mixing, a 
sample was immediately withdrawn, serially 
diluted tenfold, and pour plates made. The 
mixture was sampled in the same way after 
3, 5, and 24 hours. 


RESULTS 


In 67/101 cases, the same syringe was 
used for all epidural injections, while in 
34/101 it was changed at least once. Five 
syringe cultures were positive, 3 in original 
syringes and 2 in syringes changed at least 
once during the analgesic period. Contami- 
nation of 2 of these was detected only by 
incubating the original broth, but on 3 occa- 
sions, the total number of viable organisms 
was very high (table 1) and heavy growth 
occurred on the related plates. The total 
number of viable bacteria was deduced by 
increasing the viable count per milliliter 
tenfold. 'The organisms involved, recognized 
skin commensals, are listed in table 1. 


A mean of 4.6 epidural injections were 
given in the 5 cases where syringes were 
later noted to be contaminated. This figure 
was 4.7 for the entire series of 101 patients. 
One catheter segment “А” was positive for 


A 


Bacteriologic Aspects .. . James, et al 


, TABLE 1 


Positive Culture Results of Syringes 
and Catheters 





Syringes 
Epi- 
Orig- dural 
inal injec- 

Patient syringe tions Organism identity Viable count 
32 No 12 Sepidermidis 5x10 
68 No 4 S epidermidis <9 
71 Yes 2 S epidermidis <9 
94 Yes 3 S epidermidis 2.5 x 10° 
99 Yes 4 Corynebacterium 9.5 x 10° 

spp 
Catheter (segment А) 
62 Yes 4 S epidermidis <10 





less than 10 S epidermidis organisms. This 
patient (#62, table 1) received 4 epidural 
injections with the original syringe. Both 
the syringe and catheter segment B used in 
this patient were sterile. All other catheter 
specimens were sterile. The average epidural 
indwelling catheter time was 1834 hours. 


Alterations in the viable count of the 
isolates from patients 32, 94, and 99, when 
incubated at room temperature and at 37 C 
in 0.25% bupivacaine, are shown in table 2. 
Bupivacaine was bactericidal to all 3 iso- 
lates at 37 C, causing a five-fold and 25-fold 
decrease in the count, respectively, within 5 
hours. At room temperature, the count in 2 
Strains apparently increased within the first 
3 hours but subsequently fell. However, the 
bacteria still persisted in large numbers. 


DISCUSSION 
Bacterial filters of 0.22 „m mesh are ca- 
pable of preventing passage of bacteria even 
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in the presence of heavy contamination. We 
did not study a control group without bac- 
terial filters, believing this to be unethical 
since the use of such filters is standard prac- 
tice at the Birmingham Maternity Hospital. 
The bacteria cultured from 5/101 syringes 
used to inject local anesthetic are skin 
commensals, probably originating from the 
hands of injecting personnel. On 3 occasions, 
the level of contamination was surprisingly 
high. АП broth used to sample syringes had 
previously been checked for sterility. How- 
ever, multiplication may have occurred dur- 
ing the handling process and in early stages 
of refrigeration, raising the original count. 


Blogg's group* showed that at least 5097 
of plastic and 100% of glass syringes can be 
contaminated when used more than once. 
In studying 50 such syringes from an in- 
tensive care unit, they noted a 10% inci- 
dence of syringe contamination, while the 
figure for syringes used similarly in operat- 
ing rooms was 6%. Our 5% incidence is 
close to this figure and might be explained 
by the more careful aseptic technic gener- 
ally employed in operating room and labor 
areas. 


We have not demonstrated that syringes 
used once are less likely to be contaminated 
than those used multiple times, but rather 
that once used, the incidence of syringe 
contamination is significantly high enough 
(5%) to warrant using a fresh sterile syr- 
inge for each injection. In our series, original 
syringes were reused throughout the period 
of epidural analgesia in two thirds of cases. 
This is common practice in many labor and 
operating suites, but we feel it should be 
abandoned for continuous epidural anal- 
gesia. 


In a study showing bacterial contamina- 
tion of 3/35 epidural catheter tips, Barreto? 


TABLE 2 


Alterations in Viable Count of Bacterial Isolates Cultured in 
0.25% Bupivacaine HCl 





Isolate* 0 hours 3 hours 5 hours 24 hours 
Pt #32 17x10 4.4 x 10* 1.1 x 10° 1.5x 10° 
Room temperature 94 5.6 x 10* 5.76 x 10° 4.25 x 10° 12x10 
99 1.02 x 10° 2.7 x 10° 8x 10° 1x 10° 
87C 32 1.6 x 10* 1.4 x 10* 1.52 x 10 0 
94 5.25 x 10° 2/ x 10° 210" 0 
99 1x 10° 1.6 x 10° 2x10 0 


*Syringes 32 and 94, S epidermidis; 99 Corynebacterium spp. 
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assumed in 2 cases that since the organisms 
were skin flora, they resulted from seeding 
of the catheters at the site of entry during 
withdrawal. In the third case, after the 
dressings were removed the catheter was 
found lying on skin outside the epidural 
space. 


In our studies, we cleansed the entry site 
with 70% alcohol before catheter removal, 
to reduce potential contaminants, discarding 
the first 2 cm of catheter, as described. In 
patient 462 (table 1), segment "A" was 
probably contaminated at the culture site 
during catheter withdrawal, while segment 
“В” and the syringe were negative. This 
suggests the possibility that positive cath- 
eter tips in Barreto's study resulted from 
skin contamination on withdrawal, but the 
bacteria may also have originated in con- 
taminated syringes, since Barreto did not 
mention using bacterial filters nor does he 
discuss the degree of catheter contamina- 
tion. In the absence of a filter, the number 
of contaminating bacteria is obviously of 
importance, as large inocula are more likely 
to produce infection. 


Whether the increased bacterial count in 
bupivacaine at room temperature represents 
division into small cell types or active multi- 
plication is as yet uncertain; further studies 
now in progress will be reported later. In 
practice, bacteria within the syringe would 
not be in contact with anesthetic solution 
for long, as the syringe is emptied com- 
pletely immediately after refilling, only a 
small amount of fluid remaining within the 
nozzle. 


The bactericidal effect of bupivacaine at 
body temperature is reassuring, for it would 
help to maintain catheter sterility. Procaine 
hydrochloride and lidocaine have also been 
shown to possess antimicrobial activity.’ 
However, once bacteria succeed in reaching 
the epidural space, local anesthetics may 
actually compromise defense mechanisms; 
Cullen and Haschke? demonstrated in vitro 
that lidocaine has a toxic effect on human 
leukocytes, significantly inhibiting phagocy- 
tosis and metabolism. The toxic effect occurs 
at a concentration of anesthetic lower than 
that causing antimicrobial activity. 


Recently, attention has been called to the 
possibility of injecting glass particles into 
patients after aspirating solutions from am- 
pules.?:? As bupivacaine for epidural anal- 
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gesia is supplied in glass ampules, bactertal 
filters provide an additional advantage by 
diminishing the danger of injecting glass 
particles into the epidural space. 


Our findings concur with those of Blogg's 
group! in demonstrating the problem of con- 
tamination when syringes are used more 
than once. Although we have not proved 
that catheter contamination would have oc- 
curred in the presence of contaminated syr- 
inges if microfilters were not used, the find- 
ing of a 5% rate of syringe contamination 
should encourage the practice of placing an 
effective bacterial filter between injecting 
syringes and epidural catheters. 


We recommend that bacterial filters be 
used in all cases of continuous epidural or 
continuous spinal analgesia. Since a filter 
may be defective, we recommend that syr- 
inges should be changed between each epi- 
dural injection. If these precautions are used 
and careful aseptic technic is followed in 
initial catheter placement, there is little 
chance of bacterial contamination of the 
epidural space. 
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Resection of Stenotic Trachea: A Case Presentation 


C. PAUL BOYAN, M.D.* 
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Richmond, Virginiaz 


Tracheal stenosis is usually a complication of 
prolonged mechanical ventilation. If the nar- 
rowing is severe it will greatly obstruct the 
air flow. Resection of the damaged trachea is 
a life saving procedure. The anesthetic man- 
agement of the resection of an “ice cream cone 
narrowing" of the trachea (3 mm diameter) 
4 cm above the carina is reported. A forced 
vital capacity loop (expiration-inspiration) of 
air flow versus volume revealed preoperatively 
little difference in the flow during the forced 


TENOSIS of the trachea is seen most often, 
and is usually due to long-lasting me- 
chanical ventilation, in intensive-therapy 
patients requiring tracheostomy or pro- 
longed endotracheal intubation. The follow- 
ing case describes the management of anes- 
thesia for resection of a large segment of a 
stenotic trachea. 


CASE REPORT 

A 46-year-old obese (94.8 kg) Caucasian 
man was admitted on 9/24/73 to the hospi- 
tal with a diagnosis of acute respiratory and 
congestive heart failure. Past medical his- 
tory showed chronic bronchitis, emphysema, 
repeated lung infections, diabetes mellitus 
(controlled by diet), myocardial infarct 
(1970), and polycythemia. In spite of nasal 
О, and drug treatment, his situation deteri- 
orated. At this time, blood gases were Pao; 
36 torr, Sao, 65%, Paco, >100 torr, pH 
7.34, base excess > +16, and HCO; >50. 
He was intubated and ventilated mechani- 
cally for 7 days. With intensive treatment, 


(F-V) and resting ventilation (Vt), thus con- 
firming a diagnosis of severe upper airway 
obstruction. A total obstruction of the air 
flow was encountered during the skeletoniza- 
tion of the trachea and the surgeon was allowed 
to work for not more than 60 seconds at a 
time. Perfect cooperation between the sur- 
geon and the anesthesia team is necessary for 
the successful completion of this type of sur- 
gery. 


he gradually recovered and was discharged 
improved after 18 days of hospitalization. 


One month after the prolonged endotra- 
cheal intubation, he was readmitted with 
audible stridor and pronounced dyspnea at 
rest, unable to breathe adequately even with 
increased inspiratory and expiratory efforts, 
and “tugged for breath.” Therapy with 
aminophylline, meperidine, and О„ by nasal 
cannula produced slight relief. ‘Tomograms 
of the trachea demonstrated a tapered 5 cm 
narrowing of the trachea, 4 cm of normal 
trachea present between the lower end of 
the structure and the carina. Bronchoscopy 
under local anesthesia showed “ice cream 
cone" narrowing of the trachea beginning 8 
cm below the vocal cords. 


Four hours after bronchoscopy, the pa- 
tient developed respiratory difficulty. Blood 
gases were Pao, 80 torr, Sao, 88%, pH 7.07, 
Paco, 88 torr, HCO; 24. With proper 
treatment, the patient recovered, although 
still having difficulty moving air in and out. 


*Professor and Chairman, Department of Anesthesiology, Medical College of Virginia. 


1Clinical Director, School for Nurse Anesthetists, Allied Health Professions. 


iVirginia Commonwealth University, Richmond, Virginia 23298. 


Paper received: 6/2/75 
Accepted for publication: 7/31/75 


192 


A forced vital capacity loop (expiration- 
inspiration) of air flow versus volume re- 
vealed little difference in the flow during 
forced (F-V) and resting ventilation (Vt), 
confirming the diagnosis of fixed upper-air- 
way obstruction (fig 1). Resection of the 
stenotic trachea with primary anastomosis 
was proposed. 


On the day of operation, the patient was 
premedicated with 50 mg of diphenhydra- 
mine НСІ and 0.8 mg of atropine. The sur- 
geons and the anesthesia team agreed to 
constant communication throughout the op- 
eration. The patient was preoxygenated with 
100% О, for several minutes and then in- 
duced with 300 mg of sodium thiopental. 
Succinylcholine (100 mg) provided suffi- 
cient muscle relation for uneventful intuba- 
tion with a plastic 9 mm cuffed endotracheal 
tube, placed above the constriction (fig 2). 
Tidal exchange of 800 ml was achieved with 
30 torr normal pressure over 4 to 5 seconds 
and the expiratory phase was the same. An- 
esthesia was maintained with halothane 0.5 
to 1.595, with supplemental doses of d-tubo- 
curarine and morphine. Midline sternal in- 
cision provided good access to the trachea. 


Surgical retraction and manipulation to 
free the trachea from adhesions caused total 
obstruction of ventilation; therefore, after 
several inflations of the lung with 100% О», 
the surgeon was allowed to work for not 
more than 60 seconds. Lungs were ventilated 
again with 100% O», followed by more op- 
erative procedure. This pattern of ventila- 


(I) F-V LOOP NORMAL 
(2)F-V LOOP PATIENT 
(3)VTIDAL LOOP PATIENT 
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Fig 1. Forced vital capacity loop: Airflow versus 
volume. 
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Fic 2. Intubation to stenotic portion of trachea. 


tion and occlusion was maintained for 20 
minutes. At times it was necessary to in- 
crease positive pressure in the breathing bag 
to as high as 60 torr to secure sufficient 
tidal volume. After the lower part of the 
trachea was freed, the distal normal section 
was severed, and a sterile wire-spiral cuffed 
tube attached to sterile corrugated tubing 
was introduced into the tracheal stump by 
the surgeon. The balloon was inflated and 
the semiclosed system was reestablished 
(fig 3). The original orotracheal tube was 
pulled up above the upper end of the tra- 
cheal stenosis. After the stenotic area (cir- 
ca 5 cm) was resected and the posterior 
healthy parts of the trachea were approxi- 
mated with nylon stitches, the original en- 
dotracheal tube was pushed down and re- 
placed the outside tube, introduced by the 
surgeon, in the lower end of the trachea 
above the bifurcation (fig 4). 


The end-to-end anastomosis was com- 
pleted around the endotracheal tube and re- 
quired extreme flexion of the head. The 


Stenotic Trachea . .. Boyan and Privitera 





Fic 3. Resection of stenotic trachea. 


operation lasted 6 hours. The pathologic 
specimen was 4.5 cm long and showed a 
cylindrical stenosis of 3 mm in diameter 
(fig 5). 


The patient was maintained on a venti- 
lator with endotracheal tube for 24 hours. 
On the 2nd postoperative day, blood gases 
while the patient was receiving О„ (3 L) 
via nasal cannula were Рао, 66 torr, бао» 
92%, Расо, 47 torr, pH 7.38, HCO; 26.9. 
Postoperatively, the patient developed some 
atelectasis and pleural effusion at the left 
lung base. He was discharged much im- 
proved on the 21st postoperative day. A 24- 
month follow-up found him well recovered 
and working full time at his gasoline sta- 
tion. 


DISCUSSION 

Tracheal stenosis as a complication of pro- 
longed intubation and mechanical ventila- 
tion is a crippling disease which restricts 
physical activities. Any additional tracheo- 
bronchial infection will dangerously aggra- 
vate the existing situation. Such narrowing 
of the trachea (3 mm) as in this patient 
imposes severe obstruction to the air flow. 
The forced vital capacity flow-volume loop 
(fig 1) showed a great reduction in the ini- 
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Fic 4. Postresection anastomosis of trachea, with 
intubation. 
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Fic 5. Histologic section of trachea (4.5 cm with 
3 mm passage). 


tial flow of exhalation as compared to nor- 
mal (0.3 L/sec to 5.5 L/sec). This flow was 
maintained throughout the entire phase at 
the same reduced level, demonstrating a 
constant obstruction by the stenotic area. 
'The same was true for the inhalation phase. 
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Peak flow was greatly reduced but was 
maintained at the same level throughout 
exhalation, thus confirming the existence of 
constant obstruction to the air flow. Miller 
and Hyatt! have suggested that the flow- 
volume plot of a forced expiratory and in- 
spiratory vital capacity maneuver may be 
helpful in detecting airway obstructions. 
Patients having such a tracheal obstruction 
breathe slowly because they cannot rapidly 
increase their tidal volume despite addi- 
tional muscular efforts. 


The resting Vt-loop in this patient showed 
the same restriction in peak flow in both 
phases with sustained flow throughout the 
inhalation-exhalation cycle. This type of 
ventilation requires additional and constant 
muscular efforts, leading to dyspnea even 
at rest. The slightest edema of the tracheal 
mucosa will have similar effects on the air 
flow by further decreasing the diameter of 
the obstruction. 


In this patient, perfect cooperation be- 
tween the surgical and anesthesia teams 
was achieved. 'The dangerous points during 
the anesthetic management were complete 
obstruction during the dissection of the 
trachea and concern if such an obstruction 
cannot be relieved by eliminating retraction 
or any other pressure on the trachea. If the 
last situation were to occur, the trachea be- 
low the obstruction, although not properly 
dissected, should be opened and a sterile 
endotracheal tube inserted by the surgeon. 
Even though this is not the best approach 
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to preserve as much as possible of normal 
trachea, it is lifesaving. 


We were able to ventilate our patient at 
intervals during the dangerous period of dis- 
secting the trachea and the surgeon desisted 
from manipulation at the end of 60 seconds, 
as agreed upon, thus relieving the obstruc- 
tion. Postoperative care was complicated 
by having extreme head flexion to reduce 
the tension at the suture line due to resec- 
tion of a large segment of the trachea. 


In this patient, the endotracheal intuba- 
tion causing the severe tracheal stenosis had 
lasted for 7 days, and it took less than a 
month to develop this life-threatening re- 
spiratory complication. 


Similar anesthetic technics have been re- 
ported by others.?-5 
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RESPIRATORY EFFECTS—LORAZEPAM The ventilatory response before and 
after intramuscular lorazepam 1.3 and 4 mg, pentobarbital 50 and 150 mg and penta- 
zocine 30 mg was measured in volunteers. Pentazocine produced the greater ventilatory 
depression followed by pentobarbital 150 and then 50 mg. Lorazepam did not produce 


ventilatory depression despite production of sedation. 


(Gasser JC, Kaufman RD, 


Bellville JW: Respiratory effects of lorazepam, pentobarbital, and pentazocine. Clin 


Pharm Ther 18:170-174, 1975) 
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Factors Influencing Choice Between Tracheostomy 
and Prolonged Translaryngeal Intubation in Acute 
Respiratory Failure: A Prospective Study 
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One of the problems of prolonged ventilatory 
therapy in acute respiratory failure (ARF) is 
the need to choose between tracheostomy after 
48 to 72 hours of translaryngeal (TL) tracheal 
intubation or the continuous use of the TL tube 
for a period of 10 days. Too often the choice 
has been based on retrospective studies or per- 
sonal preference. To investigate this problem 
prospectively, 52 adults in ARF were divided 
sequentially into 2 groups on their 3rd day of 
TL intubation. Patients in group I (G-I) re- 
tained the TL tube for a total of 11 days; 
those in group II (G-II) were tracheostomized 
on the 3rd day. The following factors were 
used to evaluate the efficiency and complica- 
tions in each group: patient's epidemiologic 
variables, daily pulmonary functions, severity 
of respiratory infections, and scores of post- 
intubation airway lesions. 


No consistent statistically significant differ- 
ences between the two procedures were seen 


Donec the past decade, there has been 
a dramatic change in the type of tra- 
cheal tubes used in the management of pa- 
tients in acute respiratory failure (ARF).! 
In the early sixties, it was realized that an 
initial tracheostomy was justifiable only 
when translaryngeal (TL) intubation of the 
trachea was not possible.? It was then com- 


in the pulmonary functions or the range of 
individual patient variables. However, with an 
early tracheostomy, there was an eightfold 
greater incidence of contamination of the air- 
way by new organisms, airway lesions were 
more frequent and severe, and the need for the 
tracheal tube was extended. 


To identify the epidemiologic variables and the 
pulmonary functions that discriminate between 
patients with serious airway lesions and those 
with mild lesions, and to evaluate the ability 
of these variables to differentiate the patients 
who died from those who survived, the distri- 
bution of all factors was compared in the two 
categories. The epidemiologic variables sepa- 
rated the patients according to their airway 
lesions only, while the difference in pulmonary 
functions was statistically significant only be- 
tween the patients who died and those who 
survived. 


mon practice to perform the tracheostomy 
within the following 24 hours, if the need 
for the tracheal tube continued.? 


In the late sixties, interest increased in 
prolonging the period of TL intubation, be- 
cause of dissatisfaction with the results of 
tracheostomy in some patients.* The compli- 
cations of transtracheal (ТТ) intubation, 
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fairly frequent and often serious,? included 
bleeding, difficulty in cannulation, dislodge- 
ment, generalized surgical emphysema, 
pneumothorax, tracheal stricture and fistu- 
las, and scar formation. With improvements 
in construction of tracheal tubes and in the 
overall management of patients with an 
artificial airway, clinicians prolonged the 
duration of TL endotracheal intubation." 
This practice was also accompanied by com- 
plications, such as mucus obstruction, acci- 
dental extubation, pneumonia, ulceration of 
nostrils or nasal septum, hoarseness, cord 
avulsion-perforation, dislodgement of the 
tube into the right main bronchus, and tra- 
cheal stenosis. 


Currently there is no agreement as to the 
optimum period of TL intubation after 
which tracheostomy is indicated. Even 
Lindholm, in an extensive study of pro- 
longed tracheal intubation, affirmed that he 
could not establish a time limit.’ Pontoppi- 
dan's group! retained TL tubes up to 8 
days, while Safar® recommended tracheos- 
tomy on the 3rd day of TL intubation. 


The present study was undertaken to 
compare the efficacy and safety of prolonged 
TL and TT intubation in adults in ARF 
and to identify factors that may infiuence 
the outcome of therapy. 


METHODS AND MATERIALS 


On their 3rd day of TL intubation, 52 
adult patients in ARF who were judged to 
require continued intubation for a further 
period of time were sequentially divided into 
2 groups. Patients in group I (G-I) were 
managed by continued TL airway for a total 
period of 10 to 11 days, after which trache- 
ostomy was to be performed, if the need for 
an artificial airway continued. Patients in 
group II (G-II) were to be tracheostomized 
on the 3rd day of artificial airway care.* 
АП 52 patients received the same respira- 
tory, general, and supportive care, accord- 
ing to individual needs and the policies and 
procedures of the general intensive care unit. 


Criteria for scoring respiratory infections 
included vital signs, laboratory findings, 
and x-rays (table 1). After extubation, pa- 
tients were examined by а member о? the 
ENT staff, using a Macintosh-blade laryn- 
goscope and a fiberoptic bronchoscope. Pha- 
ryngeal, laryngeal, and tracheal lesions were 
rated according to modified Lindholm scor- 


*Both TL and TT intubation employed portex low- 
pressure cuffed tubes. 
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TABLE 1 


Score System for Quantification 
of Respiratory Infections 


Maxi- 
mum 





Score score 
A. Clinical evidence 
1. Fever 1 
2. Pulse: 20% increase 1 
3. Respiratory rate: 
20% increase 1 
4. Secretions 1 
5. Leukocytosis 1 
Total E 3 5 
B. Radiologic evidence 
1. Opacification, segment 1 
2. Opacification, one lobe 2 
3. Opacification, one lung 3 
Total 6 5 


C. Laboratory evidence of 
pathogens in tracheal aspirate 5 5 


Total 16 15 
ese 


ing system.’ Epidemiologic variables and 
respiratory measurements (table 2) were 
collected daily on computer-coded forms by 
the second author, who was not in charge 
of patient care during the study.t Some of 
the data collected were deleted because of 
incomplete information, inadequacy of 
method of determination, or difficulty in 
statistical interpretation. The Fisher linear 
discriminant function test was used to quan- 
titate the distribution of the epidemiologic 
variables in the following groups of patients: 
(a) patients who had prolonged TL intuba- 
tion versus those who had an early trache- 
ostomy; (b) patients who had mild airway 
lesions versus those who had serious lesions; 
and (c) patients who were extubated versus 
those who died. 


Student's t-test and analysis of variance 
were used to derive the significance of the 
differences between the mean values of re- 
piratory measurements per day of manage- 
ment in the different groups. Statistical sig- 
nificance was obtained at the 0.05 level. 


RESULTS 


A. Prolonged Translaryngeal Intubation 
Versus Early Tracheostomy. — The linear 





TCoded forms available on request from Dr. El- 
Naggar. 
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TABLE 2 
Epidemiologic and Respiratory Variables Recorded 





1. Treatment i irai, ы 


3. Air lesi { Mild (scores 0, 1, or 2) 
KUNDE selon, Serious (scores 3) 


( Male 


5. Sex | Female 


Yes 


7. Smoking No 


9. Narcotic habituation ie 

11. Indication for intubation 
a. Paco. > 50 torr 
b. Pao. < 50 torr 
c. Respiratory rate > 35 min 
d. Secretions 
e. Maintain a free airway 

13. Duration of tracheal intubation by 


a. TL tube 
b. TT tube 


15. Number of attempts at TL intubation 


( Extubated 


2. Outcome ; ] Expired 


4. Аре, уг 


Black 
Caucasian 


Yes 
No 


6. Race j 


8. Alcohol intake | 


10. Steroid medication ) Yes 


| No 
12. Mode of ventilation 
a. Assisted 
b. Controlled 
c. Assisted/controlled 


14. a. Internal diameter of TL tube (mm) 
7,8, and 9 
b. size of TT tube (French) 
33, 36, 39 
Nasal 


16. Route of TL intubation } 
Oral 


Respiratory Measurements 


Bacteriologic study of tracheal aspirate. 
Score of airway lesions. 
Score of respiratory infections (RI). 


Tidal volume (TV). 
Forced vital capacity (FRC). 
Effective dynamic compliance (EDC). 


Соки pt ae go qo pt 


Alveolar-arterial О tension difference with 100% inspired О, Pa- Oa (100%) 
Ratio of dead-space volume to tidal volume (V»/V« x 100) 





discriminant analysis test yielded an f 
(16.35) 21.81; p value 0.25. This indi- 
cated that the epidemiologic variables were 
equally distributed between the ТТ, and TT 
groups. The type and frequency of organ- 
isms newly identified in daily examined tra- 
cheal aspirate was similar during the first 
4 days of management G-I and G-II. How- 
ever, between the 4th to 11th days, there 
was an 8-fold increase in the number of 
newly identified organisms in G-II in com- 
parison to G-I (table 3). 


'The mean score for airway lesions/day of 
management (fig 1) was significantly higher 
in G-II than in G-I (p<0.05). The 26 pa- 
` tients in G-II had an average score of 1 for 
the lesions evaluated when these patients 


were tracheostomized on the 3rd day of TL 
intubation. This same score in G-I was ob- 
served on the 7th and 8th days. Because 
the patients in G-II were managed by two 
types of tubes, the average score on the 3rd 
day was added to that on subsequent days 
(fig 1). The combined scores of airway le- 
sions in G-II were also significantly higher 
(p«0.01) than in G-I. 


In a comparison of the percentages of the 
cumulative number of patients extubated or 
expired and the number of patients being 
treated in G-I or G-II at the specific day of 
management (fig 2), analysis of variance 
test showed the difference in these percent- 
ages between the expired patients in G-I 
and G-II were statistically insignificant, 
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TABLE 3 
Frequency of Newly Identified Organisms 
in Aerobic Cultures of Tracheal Aspirate 
During Study Period 


Group Group 
Type of organism | H 





Hemophilus influenzae 2 4 
Escherichia coli 5 6 
Klebsiellae 2 10 
Pseudomonas aerogenosis 4 9 
Herella 1 1 
Candida 1 0 
Diplococcus pneumoniae 1 0 
Proteus mirabilis 2 0 
S aureus 0 4 
Streptococcus 0 1 
Total 18 35 
Number of organisms 1st identified 
on 1st day 3 5 
Number of organisms 1st identified 
during 1st 4 days 15 19 
Number of organisms 1st identified 
during 3rd to 11th days 2 16 





while the higher percentages in the extu- 
bated patients in G-I were statistically more 
significant than those in G-II. These results 
indicated a significant delay in extubating 
the tracheostomized patients (G-II), inde- 
pendent of the outcome or duration of ther- 


apy. 
There were sporadic and inconsistent dif- 
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To J $^ score of lesions of 26 patients 
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( the cumulative number 
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Fic 1. Cumulative scores of airway lesions: ratio 
of lesions in patients examined per day of examina- 
tion. 


ferences in the means and SD of the respira- 
tory measurements according to day of man- 
agement. In G-II, with the exception of 
V/V, ratio determination, there was a sig- 
nificant deterioration in these measured 
values subsequent to the tracheostomy on 
the 4th day of management. 


B. Variables that Contribute to Airway 
Lesions.—Patients with lesions were divided 
into 2 groups: (A) Those with mild airway 
lesions (score 0, 1, or 2) and (B) patients 
with serious airway lesions (score 3 or 
over). 


Linear discrimination analysis showed 


=== Extubated 
e—a Expired 
Extubated 
mem’) Expired 


GR II 












7 8 9 10 H 


Day of Management 
Fic 2. Percentage of expired or extubated patients of those being treated per day of management. 
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TABLE 4 
Variables that Contribute to Airway Lesions (Descending Importance) 





1. Use of transtracheal tube 
2. Assisted ventilation 
3. Расо, > 50 torr as indication for intubation 
4. Duration of translaryngeal intubation 
5. Race (Black more prone) 
6. Secretions as an indication for tracheal 
intubation 
7. TT tube 36 French 
8. Duration of TT intubation 
9. Рао, < 50 torr as indication for intubation 
10. Use of steroids 
11. Sex (females more prone) 
12. TT tube 33 French 


that 15 of 22 variables (table 4) correctly 
classified 46 patients out of 52 into group A 
and incorrectly classified 6 patients with 
mild lesions. The test yielded an f= 4.33, 
with 13 and 38 degrees of freedom, and a 
p value of «0.001. 


There was no significant difference be- 
tween the mean values of the 6 respiratory 
parameters (RI, Pia) О (100%), V/V, 
ТУ, FVC, or EDC) per day of management 
or the number or type of positive bacteri- 
ologic cultures in the patients who had mild 
or serious airway lesions. 


'There was no correlation between the air- 
way lesions at the cuff site and the following 
factors: (a) duration of intubation; (b) 
type of tracheal tube; (c) extubation or 
death; and (d) epidemiologic variables or 
respiratory measurements. 


C. Variables that Influence the Prognosis 
of Prolonged Tracheal Intubation (death 
during the study versus extubation).—The 
52 patients included in the study were cate- 
gorized as follows: (1) those who died dur- 
ing the study; (2) those successfully ex- 
tubated and discharged from the General 
Intensive Care Unit (GICU). The linear 
discriminant function test, used to investi- 
gate the distribution of the epidemiologic 
variables between those two categories, 
yielded an f (16.35) 20.75 with 16 and 35 
degrees of freedom (p<0.10), indicating 
that the epidemiologic variables could not 
help predict which patients would die and 
which would be extubated. 


Although there was no significant differ- 
ence in respiratory measurements on the 1st 
day of management, in subsequent days 


13. Smoking 
14. TL tube size 8 mm ID 
15. Patient extubated 


Indecisive Variables Include 
Initial diagnosis (medical or surgical) 
Alcohol intake 
Habituation to narcotics 


Respiratory rate >35 as indication for 
intubation 


moe BO 


Free airway as indication for intubation 
Duration of TT intubation 


Number of attempts to intubate trachea 
translaryngeally 


mon 


significant and consistent differences were 
observed in the following measured values, 
in the following order: TV and FVC on the 
2nd day, RI on the 3rd day and P,4,, О» 
(100%) and EDC on the 5th day. The 
mean values of the Vp/Vr x 100, however, 
showed no significant difference between 
the group of patients who died and the 
group subsequently extubated. 


In the expired group, the percent inci- 
dence of identified organisms was double 
that in the extubated patient group, while 
the prevalence of E coli, Pseudomonas spe- 
cies, Klebsiellae, Hemophilus influenzae, 
and S aureus was almost 3 times greater. 


Mean values of respiratory measurements 
in the extubated group and expired group 
on the 1st and last days of management are 
shown in table 5. 


DISCUSSION 


In the past, prolonged therapeutic tra- 
cheal intubation has been defined as the 
maintenance of an artificial airway for more 
than a few hours.!^ 'This definition is un- 
satisfactory, due to the common use of in- 
tubation in the management of ARF for 
longer periods.!?.? We chose the period of 
3 days to define prolonged intubation, be- 
cause TL tubes are commonly used in the 
initial 48 to 72 hours of artificial airway 
care, while there is no agreement regarding 
the choice between TL and TT intubation 
beyond this period. 


Advocates of TT intubation on the 3rd 
day of management claim better removal of 
secretions, reduction of dead space, and bet- 
ter tolerance by patients.5 Advantages 


200 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 2, MancH-APRIL, 1976 


TABLE 5 
Means and Standard Deviations of Values on Ist Day of Management 
and Day of Extubation or Death 


Patients survived 


Patients died 


Means and (SD) Means and (SD) 





rome portal IA kc 
Number of observations 22 
Tidal volume (TV /ml) 269 (117) 409 (105) 213 (101) 188 (34.7) 
Forced vital capacity (FVC/ml) 153 (358) 1227 (399) 42 (214) 728 (233) 
Effective dynamic compl 
(EDC/ml/cm Н.О) 21 (6) 36 (8.5) 22 (1.4) 22 (8.8) 
V/V ratio 49 (11.4) 38 (10.3) 50 (10.5) 49 (6.3) 
A Pa-a О» (100%) 397 (105) 244 (68) 391 (98) 423 (84) 
Respiratory infections (RI) 4.3 (2.3) 2.16 (1.9) 4.9 (3) 9 €3.9) 





1. There was no significant difference in the 2 groups between mean values on 1st day. 
2. Differences between mean values on day of extubation or death in G-I and G-II were highly 


significant. 


3. With exception of scores of respiratory infections, differences between mean values on 1st day 
and day of death were statistically insignificant. There was a highly significant difference 
between mean values on 1st day and day of extubation (p 0.005 to 0.001) 


claimed for TL intubation for over 3 days 
include better tube stability and tracheal 
alignment, absence of a surgical wound, and 
less bacterial invasion. 


In this prospective study, the differences 
in the daily respiratory measurements be- 
tween prolonged TTL intubation and an early 
tracheostomy were only sporadically signifi- 
cant. This indicated that the TL and TT 
tubes were equally efficient in the manage- 
ment of ARF. However, the disadvantages 
in an early tracheostomy include deteriora- 
tion in post-tracheostomy pulmonary func- 
tion measurements, which may not be well 
tolerated by the unstable patient, and an 
increase in identified pathogens, which may 
invite the unnecessary administration of an- 
tibiotics. There is also a tendency to delay 
removal of the TT tube, which increases 
the cost of patient care and prolongs the 
risks inherent in artificial airways. In addi- 
tion, airway lesions (excluding those related 
to the cuff) in early tracheostomized pa- 
tients not only showed significantly higher 
scores but also tended to be delayed and of 
a more serious nature. 


One patient had a granuloma at the tra- 
cheostomy site at the time of extubation and 
was discharged from the hospital for out- 
patient followup. Two weeks later, he was 
seen in the emergency room, where he sus- 
tained cardiopulmonary arrest due to severe 
tracheal stenosis. Immediate resuscitation 
was successful; however, the patient did not 


regain consciousness and later died. Two 
more patients who had an early tracheos- 
tomy also developed tracheal stenosis; one 
had a resection anastomosis and the other 
a permanent tracheostomy. Another patient 
developed a tracheoesophageal fistula at the 
tip of the TT that was related to misalign- 
ment of the tube. 


'Two women with status epilepticus showed 
subglottic cicatrical web formation after 3 
days of translaryngeal intubation. Both were 
successfully treated by dilation. 


In our view, the major advantage of main- 
taining the TL tube for 11 days was the 
fact that only 10 out of 52 patients needed 
airway care beyond this period. Thus, 80% 
of the patients in ARF who required a tra- 
cheal tube for 3 days or more could have 
been spared the tracheostomy procedure. 


The airway lesions described in this re- 
port were less severe or frequent than those 
reported by Lindholm!! and by Hedden’s 
group!? but similar to those observed by 
Deane and Mills.!? The latter investigators 
found fewer complications in patients in- 
tubated more than 100 hours. In our study, 
there was a linear correlation between the 
duration of intubation and the severity of 
the lesions observed. For this reason we rec- 
ommend limiting the period of translaryn- 
geal intubation to 11 days. 


Factors common to patients with serious 
airway lesions (table 4) suggest that it is 
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Fic 3. Cumulative scores for lesions per day of 
management in patients extubated, patients expired, 
total population of patients examined, and at cuff 
site. 


the degree of friction between the artificial 
airway and the air passages that is signifi- 
cant. Lesions were more common (1) in 
patients on spontaneous or assisted ventila- 
tion, where friction is unavoidable; (2) in 
patients who survived (fig 3); and (3) in 
the 2 patients in status epilepticus. Unex- 
pectedly, there was a correlation between 
steroid administration and serious airway 
lesions, but no correlation between these 
lesions and the number of attempts to intu- 
bate the trachea. The latter observation 
agrees with that by Fassolt.!* 


None of the epidemiologic variables or 
respiratory measurements (table 2) was 
useful for predicting the outcome of pro- 
longed tracheal intubation for ARF on the 
lst day of management, a favorable prog- 
nosis depending on improvement in pul- 
monary function. А poor prognosis was asso- 
ciated not only with lack of improvement in 
these measurements but also with an in- 
creased score in respiratory infections (ta- 
ble 5). 
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Anesthetic Manufacturer not Liable for Death of Patient 


Wo physicians and the manufacturer of 

an anesthetic were not liable for the 
death of a patient from a cardiac arrest dur- 
ing surgery, a federal appellate court in 
Ohio ruled. 


The patient had been operated on for 
removal of a cataract in his right eye. Inno- 
var was administered as an anesthetic agent. 
During the operation, the patient suffered 
a cardiac arrest and brain damage and died 
about two weeks later. 


Claiming that the manufacturer was neg- 
ligent in failing to adequately warn users of 
the drug of its side-effects and adverse re- 
actions, the patient's widow brought an 
action against the manufacturer. She also 
brought an action against the ophthalmolo- 
gist and the anesthesiologist based on their 


selection of Innovar and their efforts to re- 
suscitate the patient after his cardiac arrest. 
A jury found in favor of the physicians and 
the manufacturer, and the widow appealed. 


On appeal, she contended that the trial 
court improperly permitted the physicians 
and their experts to testify to their experi- 
ence with Innovar after the operation. The 
federal appellate court said that the liability 
of the manufacturer and the physicians 
could be measured only by their knowledge 
of the drug obtained prior to the operation. 
However, no objection to the testimony by 
the physicians or their experts was made at 
trial. The federal court said that the factual 
issues had been fairly presented to the jury 
and affirmed the trial court's judgment.— 
Daly v. McNeil Laboratories, Inc., 509 F.2d 
617 (C.A.6, Ohio, Jan. 21, 1975) 


*Reprinted with permission from THE CITATION published by the Law Division of the American Medical 


Association. 
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Cardiovascular Effects of Cannabinol During Oral Surgery 
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ROBERT L. CAMPBELL, DDST 

KENNETH J. LEVIN, MS, MD: 
JAWAHAR GHIA, МО$ 
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Fifty-five clinical trials were conducted to de- 
termine the cardiovascular combined effects of 
stressful oral surgery and systemic cannabi- 
nols. In a first study, A'-tetrahydrocannabinol 
(THC) was given IV as a premedicant and 
compared with diazepam and with a placebo. 
A classic dose-related tachycardia followed 
THC injection. The peak heart rate response of 
patients premedicated with 0.044 mg/kg THC 
was 24.1% higher (p<0.05) than the peak effect 
for a nonsurgerized control group, suggesting 
a synergistic effect between THC and surgical 
stress. A predisposition to syncopal hypoten- 
sion followed THC premedication, and anti- 
arrhythmic effects were observed after large 
doses. The injection of local anesthetic prepara- 


HE cannabinols, the most heavily used 

psychoactive drugs in the world, are 
used by an estimated 250,000,000 persons. 
The 1972 estimates for college-age users was 
54% (with about 5 to 10% of these using 
marijuana on a daily basis), and 1980 pro- 
jections for young adults have been set at 
66%.1 Inevitably, more marijuana users will 
be approaching elective or emergency sur- 
gical anesthesia after having “premedicated” 
themselves with cannabinols. 


Marijuana has several properties that sug- 
gest it might be useful as a surgical pre- 
medicant: analgesia in subhumans;? antisi- 
alosis;? a moderate amnesic effect;! а low 


tions containing epinephrine did not alter THC 
cardiovascular response. An apparent drug in- 
teraction was observed, however, in a second 
study, in patients given general anesthesia 
within 72 hours after smoking marijuana. 
These patients demonstrated sustained abnor- 
mal postoperative tachycardia when compared 
with control nonsmokers, an effect which may 
have resulted from an interaction between 
stored cannabinol metabolites and atropine ad- 
ministered as part of the anesthetic technic. 
It was concluded that THC had no particular 
advantage over diazepam or placebo as a pre- 
medicant. Further, THC altered the patients’ 
adaptivity to stress and interacted undesirably 
with other anesthetic medications. 


or nonexistent addiction potential; and a 
very low toxicity. Death from cannabinol 
overdose has rarely been reported, and most 
severe reactions have occurred following un- 
controlled IV injections. Extrapolating from 
animal toxicity studies, a human LD;, of 
at least 30 mg/kg is far above the psycho- 
logically effective range, and much more 
favorable than that of alcohol.5 And finally, 
the extensive use of marijuana as a social 
drug suggests a pleasant psychic experience 
which could also serve well as a surgical 
pain and anxiety sedative. 


'There is considerable evidence, however, 
that significant incompatibilities may exist 
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between cannabinol premedication and sur- 
gical anesthesia, making this drug of ques- 
tionable value in this situation. Although 
the response to marijuana, as to most psy- 
choactive drugs, is largely determined by 
dose? and route of administration,’ person- 
ality factors,* psychologic set,? and especial- 
ly the stress of the environmental setting?.10 
appear inordinately significant. For exam- 
ple, dysphoric “high” responses (“highs”) 
with marijuana are more commonly seen in 
patients with chronic depression,!! and 
paranoid delusional reactions occur more 
frequently in hypnotic-suggestible patients, !2 
Marijuana is now looked upon as a mood- 
intensifying drug rather than as a pure 
CNS excitant, euphoriant, or depressant per 
se.'? Thus, it might be anticipated that the 
psychophysiologic stress of a surgical exper- 
ience in the marijuana-premedicated patient 
could result in an exaggerated sympatho- 
adrenal stress response. 


Most of the adverse effects reported for 
marijuana have been on cardiovascular func- 
tions and related drug interactions. As in the 
present study, the most consistently report- 
ed pharmacologic response is a dose-related 
tachycardia.!*.!? Both hypotensive and hy- 
pertensive effects have been described.!*.17 
The combination of increased cardiac de- 
mand from tachycardia with sustained cate- 
cholamine elevation has led some authors 
to warn that the use of cannabinols in 
elderly or in cardiac patients may be haz- 
ardous.?!5 Studies of patients with angina 
pectoris support this warning, for it has 
been shown that smoking marijuana signifi- 
cantly decreases exercise tolerance when 
compared to placebo smoking.!* 


Studies of long-term hashish users have 
demonstrated elevated hemoglobin and 
packed-cell volumes, which have been attrib- 
uted to chronic hypoxia.!:!? There are also 
reports of increased potential for cardiac 
arrhythmias,!5 and ECG studies have dem- 
onstrated shortening of the S-T interval and 
depression of T-wave amplitude.?? Other 
studies, however, have indicated that can- 
nibinols may actually have a therapeutic or 
protective effect against cardiac arrhyth- 
тіав.2! Nevertheless, because the incidence 
of arrhythmia during oral surgery with 
local anesthesia alone has been reported as 
greater than 45%,?? our investigations of 
cannabinol effects appear warranted. 


There have been other warnings of dan- 
gerous drug interactions between marijuana 
and anesthetic medications. Cannabinols 
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have been shown to double ketamine sledp- 
ing time and to quadruple thiopental dura- 
tion. Pentobarbital sleeping time in rats 
was doubled after a single cannabinol dose ?* 
Marijuana is also known to potentiate the 
depressant effects of alcohol?» and to sum- 
mate with amphetamines.2* Beaconsfield's 
group!* predicted dangerous cardiovascular 
drug interactions between marijuana and 
such common agents as atropine or local- 
anesthetic preparations containing epineph- 
rine. 


Our studies were designed to determine 
the cardiovascular effects of cannabinols ( 1) 
by comparing the cardiovascular effects of 
premedicant IV doses of THC, diazepam, 
and placebo, and (2) by a retrospective 
study of the cardiovascular effects of out- 
patient general anesthesia in patients known 
to have smoked marijuana within 72 hours 
before anesthesia. 


STUDY 1: METHODS 


Ten healthy male patients between 19 and 
28 years of age (mean 26 + 2.8 yr SD) were 
selected for study, without regard to prior 
marijuana experience, from a population 
requiring elective surgical removal of 4 im- 
pacted 3rd molars. All 10 subjects had 
smoked marijuana, and 2 admitted to pre- 
vious experiences with LSD-25 and mesca- 
line. After explanation of the procedure and 
the risks involved, informed consent was 
obtained. A complete physical examination, 
including ECG, chest x-ray, and laboratory 
tests, showed all subjects to be healthy and 
free of cardiovascular or respiratory abnor- 
malities. Each subject participated in 4 
separate weekly clinical trials, at which time 
a single 3rd molar was removed, and during 
which time he was premedicated with one 
of the following 4 agents: 


1. THC: 0.044 mg/kg* (“larger dose") 

2. THC: 0.022 mg/kg* (“smaller dose") 

3. Diazepam: 0.157 mg/kg 

4. Placebo (dextrose 5%, NaCl): 0.2% 

These were given in random order on 4 
consecutive weeks, double-blind with re- 
spect to patient and surgeon. This allowed 
each patient to serve as his own control for 


measuring cardiovascular changes. The THC 
solutions were prepared by dissolving the 





"These 2 dosages were selected from a pilot study 
in which 0.02 mg/kg was found to consistently 
produce minimal subjective *highs" and 0.04 mg/kg 
consistently produced near-100% “highs.” Subjects 
reported that IV “highs” were equal to or beyond 
the usual effects from smoking marijuana. 
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dese of active THC in 0.5 ml of ethyl alco- 
hol and adding 25 ml of human serum albu- 
min. 


On the morning of each clinical trial, 
patients, who had fasted since midnight and 
had recently voided, were brought to the 
clinical research unit. All had been asked 
to avoid smoking in any form for at least 
24 hours before each clinical trial. Patients 
reclined in an approximately 30° sitting 
position throughout the test period. The 
ECG was continuously recorded from a 
modified lead II placed entirely on the 
thoracic cage, and heart rate was monitored 
electronically from the ECG. Indirect sys- 
tolic and diastolic blood pressures were re- 
corded at 2-minute intervals with a Litton 
phonosensor. All transducer signals were 
preamplified and oscilloscope-displayed 
through the Litton Product Basic Bedside 
Unit. Continuous recording of output was 
made on a 12-channel Honeywell 5600 elec- 
tromagnetic tape recorder and subsequently 
printed out on the Siemens Mingograph” 
polygraph. 


Simultaneously with the cardiovascular 
monitoring, subjective psychologic drug ef- 
fects were studied, using the State-Trait 
Anxiety Inventory (STAI),?* a modified 
Subjective Drug Effects Questionnaire 
(SDEQ),?* and the measure of subjective 
*high" described by Perez-Reyes and co- 
workers.?? Details of these tests are con- 
tained in another report.?? 


Baseline resting physiologic functions 
were monitored for a 30-minute period, and 
the injection procedure was isolated and 
shielded from the patient's view. Patients 
were told that the injection was to begin, 
and the premedicant was injected evenly 
over a 5-minute period through an indwell- 
ing venous catheter, after which the surgeon 
and nurse entered the operatory, where they 
administered the local anesthetic. Appro- 
priate peripheral trigeminal blocks were per- 
formed by standard aspiration technic, using 
an average of 2 to 4 ml (40 to 80 mg) of 
295 lidocaine containing 40 to 60 meg of 
1:100,000 epinephrine. The surgeon then re- 
moved the molar by ordinary surgical tech- 
nics, pacing the procedure to be completed 
exactly 30 minutes after drug injection. Fol- 
lowing a 30-minute surgical test period, the 
patient remained in the operating chair for 
an additional 60 minutes of monitoring and 
then was escorted to a recovery room, where 
monitoring continued for a minimum of 60 
minutes until discharge. 
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MEAN BLOOD PRESSURE RESPONSE TO 
SURGICAL PREMEDICATION WITH Д9 TETRAHYDROCANNABINOL , 
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surgical premedication with "THC revealed a peak 
systolic hypertension 25 minutes after injection. A 
mild gradual hypotensive trend followed the end of 
surgery with the larger 'THC dose. 


'The additional control group of 5 nonsur- 
gerized volunteers consisted of healthy men, 
aged 21 to 34 (mean 26 +3.2 SD), who 
underwent a single trial in which they were 
given a single dose of THC (0.044 mg/kg) 
from the batch used in the main experiment 
described above. Cardiovascular monitoring, 
subjective measurements, and experimental 
setting were identical, but no operations 
were performed. When cardiovascular data 
from this group were compared with data 
from the main experiment, influences that 
could be attributed solely to drug effect 
could be separated from those due to drug- 
surgical stress interactions. 


STUDY 1: RESULTS 


Blood Pressure.—The average blood pres- 
sure response to surgical premedication with 
'THC changed little from average preopera- 
tive baselines and placebo levels (fig 1). A 
mild elevation of systolic pressure was ob- 
served, with the peak effect at the 25-min- 
ute postinjection interval; the larger dose of 
ТНС produced an average elevation of 8 
torr, and a 9-torr elevation followed the 
smaller dose. In the larger-dosage THC 
group, a gradual hypotensive trend was ob- 
served, beginning approximately at the time 
of completion of the operative procedure 
and reaching an average maximum depres- 
sion of 12 torr below preoperative baseline 
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and 14 torr below placebo levels at the 55- 
minute postinjection time period. Blood 
pressures following larger doses of THC 
returned gradually to placebo levels an aver- 
age of 70 minutes after initial drug injec- 
tion. 


The blood pressure effects of diazepam 
were dissimilar to those of THC: Diazepam 
consistently induced a mild systolic hypo- 
tension, ranging from 7 to 15 torr through- 
out the entire trial. However, average dia- 
stolic responses to both dosages of THC 
were statistically and clinically similar to 
placebo responses throughout. 


Transient moderate hypotension of 20 to 
45 torr systolic and diastolic in the interval 
of 4 to 8 minutes after THC injection oc- 
curred in 3/10 subjects. 'These episodes 
appeared to be typical syncope, associated 
with nausea, dizziness, anxiety complaints, 
and, in 2 instances, loss of consciousness ac- 
companied by carpopedal spasm for up to 
25 seconds. No similar syncopal responses 
or transient hypotension was observed with 
any of the patients given placebo or diaze- 
pam. 


Blood pressure response in the period 
during and immediately after administra- 
tion of the local anesthetic (lidocaine with 
epinephrine) was not significantly different 
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from placebo responses with either dose *of 
'THC or diazepam. 


Heart Rate.—Comparison between both 
dosages of THC, which induced tachycardia 
in all surgical patients, and response to 
diazepam and placebo premedicants (fig 2) 
showed the average peak heart rate increase 
with 0.044 mg/kg THC to be 69% above 
preoperative baseline and 36% above place- 
bo peak. The greatest elevation occurred 
+ 18 minutes after the start of drug injec- 
tion. Peak heart rate increases after 0.022 
mg/kg THC occurred typically at the 15- 
minute postinjection interval, with 53% 
above preoperative baseline and 26% above 
placebo peak. Although heart rate peak time 
was similar with both doses of THC, the 
duration of tachycardia differed. Whereas 
average heart rate had returned to placebo 
levels 75 minutes after injection of 0.022 
mg/kg THC, heart rate after 0.044 mg/kg 
THC had not returned to placebo levels 
until after the 100-minute postinjection 
time. 


Local-anesthetic administration in pa- 
tients premedicated with THC had no sig- 
nificant effect on heart rate during or after 
the injection process. “Highs” experienced 
after THC premedication did not coincide 
with peak heart rates, peak tachycardia oc- 
curring typically 12 minutes before peak 


MEAN HEART RATE RESPONSES TO 
SURGICAL PREMEDICATION WITH A? TE TRAHYDROCANNABINOL, 
DIAZEPAM, AND PLACEBO ( n=10 subjects ) 
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Fic 2. Peak THC tachycardias significantly above placebo and diazepam levels occurred at the 15-18 
post-injection interval. Heart rate returned to placebo levels approximately 100 minutes after injection of 


'THC, 0.044 mg/kg. 
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Fic 3. Simultaneous plotting of heart rate, blood 
pressure and subjective high responses to THC dur- 
ing surgery showed that peak tachycardia preceded 
both the peak hypertensive and subjective high 
effect, and that the heart rate and blood pressures 
returned to placebo baselines an average of 30 
minutes before subjective high was reported as 

normal. 


"highs." Heart rates also returned to place- 
bo levels an average of 30 minutes before 
subjects reported a normal psychic state 
(fig 3). 


ECG Responses.—There was a dose-re- 
lated shortening of P-R interval greater than 
33% in all subjects given THC (table 1). 
T-wave amplitude reduction of greater than 
33% during peak drug effect was observed 
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in 70% of subjects after the smaller doses 
of THC and in 60% of subjects after the 
larger THC dose, as compared to a 30% 
depression with diazepam and 10% depres- 
sion with placebo. ECG changes in THC- 
premedicated patients were the same with 
local anesthetic injection as with placebo. 


Arrhythmias, interpreted as functional 
premature ventricular contractions (PVCs), 
were observed in 11/40 clinical trials during 
baseline preoperative recording and in 2/10 
subjects during intraoperative trial with 
placebo premedication. After injection of 
0.022 mg/kg THC, arrhythmias seen preop- 
eratively in 2 subjects increased slightly in 
frequency intraoperatively, and PVCs were 
observed in 2 other subjects who had not 
displayed arrhythmias during preoperative 
baseline recording. After injecting the larger 
dose of THC, arrhythmias observed in a 
single subject during baseline preoperative 
recording disappeared for an hour after drug 
administration and intraoperative recording 
(fig 4). No other instances of arrhythmia 
were observed after giving the larger dose 
of THC. 


Surgical and Nonsurgical THC Groups 
Compared.—A significant difference (p< 
0.05) was seen in peak heart rate between 
oral surgery patients and nonsurgerized con- 
trols given comparable doses of THC (table 
2), but no other significant cardiovascular 
differences were observed between these 2 
groups. 


Correlated Subjective Psychologic Effects. 
—STAI anxiety scores were significantly 
elevated (p<0.05) in THC-medicated sur- 
gery patients when compared with placebo 
or diazepam or with nonsurgerized THC 


TABLE 1 


ECG Responses to Surgical Premedication with A?-THC, 


Diazepam, and Placebo (n = 40) 
БЭ ee en e бле — ee eee 





P-R* T wavet Arrhythmia 
Placebo 10% 10% Ргеорегайуе 20% 
Intraoperative 2056 
Diazepam 10% 30% Preoperative 30% 
Intraoperative 10% 
THC (0.022 mg/kg) 60% 10% Ргеорегайуе 20% 
Intraoperative 40% 
THC (0.044 mg/kg) 10% 60% Ргеорегайуе 10% 
Intraoperative 0 


*Shortening P-R interval greater than 33%. 
{Depression of T wave greater than 33%. 
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RATE OF CARDIAC ARRHYTHMIAS FOLLOWING А 
SURGICAL PREMEDICATION WITH A9 TETRAHYDROCANNABINOL, 
DIAZEPAM, AND PLACEBO 
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Fic 4. Preoperative rate of arrhythmias significantly reduced following premedication with THC when 
compared to diazepam and placebo. 


TABLE 2 


Comparison of Mean Cardiovascular Responses to 0.044 mg/kg 
IV A*-THC in Surgical and in Nonsurgical Subjects 








Surgical patients (N — 10) Nonsurgical subjects (N — 5) 
(Æ SE) (== SE) 
% change % change 
Heart rate Rate baseline Rate baseline 
Baseline 71.7 -— 70.8 — 
+4.5 +42 
Drug given (5 min) 96.8 35.0* 80.6 13.8* 
+5.1 +2.8 
Peak effect 117.8 64.3* 102.0 44.1* 
267.1 +4.6 
Trial end (90 min) 80.9 12.81 73.0 3.11 
+7.0 +2.5 


——————————————————— —— 





Systolic/diastolic % change Systolic/diastolic % change 
Blood pressure pressure S/D baseline pressure S/D baseline 
Baseline 117.6/76.2 — 128.6/68.8 — 
+5.74/+4.6 +4.52/+4.2 
Drug given 117.2/72.0 —0.8/—5.57 131.8 /70.8 2.4/2.9+ 
+5.3/-+3.8 +5.8/+3.5 
Peak effect 122.9/68.1 4.5/—10.61 142/73.2 10.4/6.4t 
+7.8/+4.1 +12.5/+4.1 
Trial end (90 min) 111.8/69.6 —4.9/—8.6* 133.8/68 4.0/—1.2* 
+4.2/-+8.6 +7.0/+6.4 


*p < 0.05 mean differences in % change from baseline, surgical compared with nonsurgical groups. 
jNonsignificant; differences in % change from baseline, surgical compared with nonsurgical groups. 
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subjects. Dysphoria, as measured by SDEQ 
analysis, and “low” moods predominated at 
the periods of syncopal hypotension after 
THC. 


STUDY 2: METHODS 


This retrospective study included 10 con- 
secutive patients, 7 women and 3 men (ages 
21 to 30, mean 25 + 3.1) undergoing outpa- 
tient general anesthesia for routine removal 
of from 2 to 4 third molars in one clinical 
procedure. Each patient was healthy and 
free of cardiovascular or respiratory abnor- 
malities and gave informed consent. 


At each clinical trial, patients were seated 
in the operating chair in an approximately 
30° upright position with legs parallel to 
the floor. A venous catheter was inserted in 
the forearm. Physiologic monitoring con- 
sisted of continuous ECG, heart rate, in- 
direct blood pressure, and respiratory rate, 
by a technic similar to that described for 
study 1. In addition, serial blood-gas meas- 
urements (IL* Blood Gas Analyzer) were 
made through radial-artery puncture, pre- 
operatively and at selected intervals during 
operation. 


After baseline blood pressure, ECG, heart 
rate, respiratory rate, and blood gases had 
been recorded, all 10 patients received the 
same form of general anesthetic manage- 





*Instrumentation Laboratories. 
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ment. First, 0.4 mg of atropine sulfate was 
administered IV, followed by 0.1 mg of 
fentanyl. Ten to 15 mg of diazepam was 
then infused over a 6 to 8-minute period to 
an endpoint of hypnosis with Verrill’s sign 
(lid lag over pupils). After adequate seda- 
tion, N,O-O. (70:30) was administered 
through a McKesson nasal inhaler by a 
McKesson Analor® gas machine. After 15 to 
30 seconds, 1% sodium methohexital was 
given at a rate of 20 mg/30 sec until voice 
contact with the patient was lost. 


Following induction, respirations were 
gently assisted with nasal insufflation, and 
additional increments of methohexital were 
infused as needed. Tooth extraction then 
proceeded according to standard technic, in- 
cluding mouth gauze packing and the PRN 
administration of local anesthetic blocks. 
The total usual dose of local anesthetic 
ranged from 4 to 6 ml of 2% lidocaine (80 
to 120 mg) with 40 to 60 mcg of 1:100,000 
epinephrine. 


Surgical anesthesia ranged from 25 to 45 
minutes in duration. No major complica- 
tions were encountered. Following awaken- 
ing, patients were monitored for a minimum 
of 1 hour before discharge. 


STUDY 2: RESULTS 


Of the 10 patients studied, 5 admitted to 
having smoked marijuana within 72 hours 


TABLE 3 


Comparison of Mean Cardiovascular Responses to Outpatient 
General Anesthesia in Marijuana Smokers and in Nonsmokers 
(N — 10 subjects) 








Blood gas 
Blood pressure Heart rate Роз Pco2 

Preoperative baseline 

Smokers 101.6/68.2 83.0 90.0 35.2 

Nonsmokers 106.0/66.4 74.8 90.6 36.0 
Postinduction 

Smokers 104.8/66.0 104.0 97.6 39.0 

Nonsmokers 106.3/68.1 90.3 98.1 44.0 
Peak anesthetic 

Smokers 102.0/64.8 98.6 160.2 40.2 

Nonsmokers 105.6/65.2 93.6 158.4 40.4 
Peak postanesthetic 

Smokers 115.2/89.6 136.8* 

Nonsmokers 116.0/91.2 104.6* 





*p « 0.05 mean differences smokers compared with nonsmokers. 
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MEAN HEART RATE RESPONSES TO 
GENERAL ANESTHESIA IN 
MARIJUANA SMOKERS COMPARED 
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was markedly elevated and lengthened in marijuana 
smokers as compared to non-smokers. 


of operation. A comparison of cardiovascu- 
lar responses between marijuana-smoker and 
nonsmoker groups revealed similar preoper- 
ative baselines of blood pressure, heart rate, 
ECG, and blood gases (table 3). In addi- 
tion, blood pressure responses and blood 
gases were found similar and within ex- 
pected limits for both groups throughout the 
duration of anesthesia and the postoperative 
period. 


A major difference between the 2 groups 
was observed, however, in heart rate re- 
sponse during the postanesthetic interval 
(fig 5). In the marijuana group, a peak 
tachycardia averaging 64.897, above baseline 
occurred, which did not return to baseline 
levels until an average of 38 minutes after 
the end of anesthesia. In the nonsmoker 
group, postoperative heart rate peaked at 
39% above baseline at the 7-minute mark 
after anesthesia and returned to baseline 
levels by the 19-minute mark after anesthe- 
sia. 


There were no significant differences be- 
tween smoker and nonsmoker groups for 
total required methohexital (193 versus 194 
mg). Nor were there differences between 
mean "sleep time" induced by these con- 
centrations (32.4 versus 31.8 min) or in 
recovery rate. 


DISCUSSION 


In the current studies, which involved 
healthy young adults, there was no signifi- 
cant deterioration in cardiovascular func- 
tions. However, certain changes were ob- 
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served that might hold significance for other 
patient populations. 


Transient syncopal hypotension followed 
THC premedication. (Psychologic measures 
during these periods demonstrated above- 
average levels of dysphoria and anxiety.) 
These patients did not demonstrate syncope 
when premedicated with placebo or diaze- 
pam. Orthostatic hypotension and presynco- 
pal responses to table tilt have been de- 
scribed as common with THQC.3? Con- 
trolled animal experiments have shown that 
stress exaggerates an already elevated sym- 
pathoadrenal response to parenteral can- 
nabinols, manifest as marked elevations in 
serum dopamine hydroxylase levels.?5 


Beaconsfield first warned that under 
stressful or emergency conditions, the vaso- 
motor reflex mechanisms may be significant- 
ly impaired in marijuana-pretreated sub- 
jects.1433 He demonstrated that peripheral 
blood flow increases concomitantly with 
pulse rates following cannabinol administra- 
tion, and that peripheral flow adjustments 
to mild psychogenic stress (mental arith- 
metic and ice placed on a limb) are mark- 
edly slowed or absent. Careful cardiovascu- 
lar monitoring, therefore, is mandatory fol- 
lowing THC premedication. 


After the initial tendency to syncopal 
hypotension from 'THC during operation, 
the blood-pressure response displayed a bi- 
phasic pattern of mild hypertension, which 
peaked at the 25-minute postinjection in- 
terval, followed by a gradual hypotensive 
trend which reached its peak depression at 
55 minutes postinjection. Surgical stimula- 
tion probably had a strong influence on 
blood-pressure response. However, similar 
arousal-depression patterns have been ob- 
served in nonsurgical experiments with can- 
nabinols, and there may be pharmacologic 
reasons for this pattern:17 As A9-THC un- 
dergoes biotransformation to the more polar 
form, 11-OH-A?-THC, within 10 to 15 min- 
utes after injection, it has been suggested 
that A"-THC exerts a generalized CNS and 
cardiovascular arousal effect, and that 11- 
OH-A?-THC has a longer-acting depressant 
effect.?: 


In our study, combining THC premedica- 
tion with the stress of oral surgery appeared 
to have a synergistic effect on heart rate, 
since subjects who had received 0.044 mg/kg 
of THC before operation reached peak heart 
rates averaging 24.1%, higher than the peaks 
for the nonsurgerized controls. These obser- 
vations are consistent with current theories 
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of the mechanism of THC cardiovascular 
action. Studies have suggested that vago- 
lytic action by the cannabinols is unlikely 
because cannabinol tachycardia is inducible 
even in atropinized patients.!! Most evi- 
dence points to a CNS-activated sympatho- 
adrenal response to cannabinol. Beta-adren- 
ergic receptors appear to be the final com- 
mon pathway for this response, since pro- 
pranolol, a beta blocker, reduces the effects 
of cannabinol.?? 


Even though THC tachycardia appeared 
to be heightened by the stress of operation 
in this study, it is of interest that the ini- 
tiation and duration of heart rate changes 
appeared to precede psychic effects. Onset 
of heart rate elevation consistently preceded 
the onset of “highs” by a few minutes, and 
the peaks of heart rate and subjective “high,” 
as well as the duration curves, were gen- 
erally out of phase by a matter of many 
seconds to a few minutes. This finding is 
consistent with those of Low's group,!? who 
observed that subjective THC effects may 
persist even though heart rate has returned 
to normal. 


It may be speculated that the inevitable 
THC tachycardia acts as a partial trigger 
for the psychic effect of cannabinols, and 
that the surgically stressed patient reacts 
to tachycardia in a manner different from 
the nonstressed THC subject. Whereas the 
nonstressed subject interprets THC tachy- 
cardia as an expected and nonthreatening 
aspect of his drug experience, the stressed 
patient considers it a signal that is part of 
an overall harmful situation (the operation) 
which is out of his control. This activates 
the hypothalamo-pituitary complex and 
eventually a classic sympathoadrenal stress 
response, which then potentiates the pre- 
existing THC tachycardia. 


In pursuing one of the goals of the cur- 
rent study, the detection of significant drug 
interactions between cannabinols and a local 
anesthetic agent, it was observed that usual 
surgical levels of 2%, lidocaine and 1:100,000 
epinephrine had no measurable effect on any 
cardiovascular parameter. Beaconsfield** 
has shown that THC potentiates the pressor 
effects of IV epinephrine in humans, while 
laboratory studies??:?6 have shown elevation 
of circulating epinephrine for periods of 6 
hours following THC administration. It 
would appear, however, that the doses of 
lidocaine and epinephrine used in our stud- 
ies with surgery patients and with routine 
anesthetic block were insufficient to inter- 
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act significantly with cannabinol premedi- 
cation. 


An apparent drug interaction was ob- 
served, however, in study 2 of this investi- 
gation, where a prolonged postoperative 
tachycardia was observed in a series of pa- 
tients who had smoked marijuana within 
72 hours before undergoing outpatient gen- 
eral anesthesia. Not only is this a poten- 
tially dangerous problem, but when the eti- 
ology of the tachycardia is not appreciated, 
errors in medical management may occur. 


Previous studies! have demonstrated 
synergistic cardiovascular effects between 
cannabinols and vagolytic agents. 'This sug- 
gests that atropine, used in the current anes- 
thetic technic, was the drug most likely to 
have interacted with the previously smoked 
cannabinol. 


Potential drug interactions occurring many 
hours, or even days, after marijuana smok- 
ing appear quite possible, in light of the 
known distribution, catabolism, and excre- 
tion patterns of the cannabinols. Plasma 
levels of A?-THC decrease rapidly after 
injection, probably because of a great affin- 
ity for fat stores.37 THC may also be stored 
in significant quantities in the enterohepatic 
tissues and be secreted along with bile in 
response to food ingestion." Although this 
appears to be the primary means of can- 
nabinol excretion, with 70 to 80% elimi- 
nated in the feces and 20 to 30% in the 
urine, the enterohepatic secretion, with sub- 
sequent plasma resorption from the gut, may 
also account for the frequently observed 
maintenance of sustained and episodic THC 
plasma levels.?* 


The plasma half-life of A*?-THC is 36 
hours; that of the active liver metabolite, 
11-OH-A°-THC, is 40 hours. The release 
of active THC compounds has been shown 
to continue for 8 days after a single human 
dose.7:34 Therefore, 20 to 35% of active can- 
nabinols may remain in the tissues for long- 
er than 72 hours after a single administra- 
tion. This time course is quite compatible 
with the sequence of drug interactions sug- 
gested by our study 2. 


An acute dose-related antiarrhythmic ef- 
fect was observed during oral surgery with 
ТНС premedication. The smaller doses of 
A9*-THC were associated with intraopera- 
tive PVC activity at levels similar to those 
of placebo, whereas the larger doses were 
correlated with the disappearance of ar- 
rhythmias after injection. Although some 
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authors!*?? report possible induction of 
arrhythmias by cannabinols, other observ- 
ers*!:39 have shown possible antiarrhythmic 
effects. In our study, arrhythmias were of 
the benign variety, consisting mainly of 
transitory ectopic foci. It would be unwise 
to assume that a similar therapeutic effect 
would have occurred in a group of patients 
with chronic cardiopathy. 


We conclude that A9-THC has no par- 
ticular advantage over diazepam or placebo 
as a premedicant; although potentially ther- 
apeutic antiarrhythmic effects were seen, 
THC appeared to compromise to some de- 
gree the surgical patient's adaptivity to 
Stress and to interact undesirably with other 
anesthetic medications. 
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TEMPERATURE AND d-TUBOCURARINE The influence of temperature (28-41C) 
on d-tubocurarine (dTc) neuromuscular blockade and antagonism with neostigmine 
was studied in anesthetized cats. dTc infusion rate required to maintain 90 per cent 


twitch depression was directly related to temperature. 


Although the mechanism is 


not known, reduced renal and biliary excretion of dTc, may account for the decreased 
dTc needs during hypothermia. Hypothermia did not affect the magnitude but pro- 


longed the onset and then duration of dTc antagonism by neostigmine. 


Since hypo- 


thermia reduces skeletal muscle blood flow the delayed uptake and elimination of 
neostigmine should not be unexpected. (Miller RD, Van Nyhuis LS, Eger EI: The 
effect of temperature on a d-tubocurarine neuromuscular blockade and its antagonism 
by neostigmine. J Pharm Exp Ther 195 :237-241, 1975) 
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Management of a Parturient with Cardiac Valve Prosthesis 


DEMIR M. SAKA, MD* 
GERTIE F. MARX, MDT 


Bronx, New Yorkt 


The parturient with a cardiac valve prosthesis 
presents a twofold problem of management: 
(1) that of a rising cardiac workload in the 
presence of serious heart disease, and (2) that 
of chronic anticoagulant therapy. Pain relief, 
a shortened 2nd stage of labor, and avoidance 


24-YEAR-OLD hemiparetic woman, a 

known rheumatic cardiac patient with 
a mitral valve replacement, came to our 
emergency room with a vague history of 
amenorrhea and complaints of low back 
pain, abdominal discomfort, and breast full- 
ness. She was 4 months pregnant and de- 
sired continuation of the pregnancy. She 
was admitted to our prenatal unit for con- 
tinued care until delivery. 


At 5 years of age, she had had rheumatic 
fever, but maintained a normal life until 
the age of 19, when she had a cerebrovascu- 
lar accident. A diagnosis of mitral stenosis 
was made and she was placed on anticoagu- 
lant therapy. Cardiac catheterization 1 year 
later revealed the presence of mitral and 
aortic insufficiency in addition to mitral 
stenosis, and mitral commissurotomy and 
valvuloplasty were performed with good re- 
sult. 


Ten months later, she injected heroin 
with an unclean syringe and developed 
Staphylococcus aureus septicemia, leading 
to acute bacterial endocarditis which pri- 
marily affected the mitral valve. Emergency 
mitral valve replacement was undertaken. 
For the 4 years prior to the present admis- 
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of bearing-down efforts reduce stress. Vaginal 
delivery is preferred to cesarean section, and 
segmental lumbar extradural block is the opti- 
mal anesthetic method. Oxytocics must be used 
with caution and heparin is preferred to long- 
acting oral anticoagulants. 


sion, she was on maintenance doses of 
digoxin, furosemide, and hydroxycoumarin, 
and had successfully withdrawn from nar- 
cotic addiction. 


Physical examination revealed a chroni- 
cally ill patient with left hemiparesis, walk- 
ing slowly with the aid of a cane. She de- 
veloped dyspnea on minimal exertion and 
was classified as an AHA class III heart 
patient. Blood pressure was 120/70 torr, 
heart rate 80 to 90 and grossly irregular. 
Auscultatory findings were commensurate 
with the presence of a mitral prosthetic 
valve and aortic insufficiency. Ап ECG 
showed atrial fibrillation with occasional 
premature ventricular contractions. 


Throughout her stay in the hospital, the 
patient was on a low-sodium diet and was 
taking digoxin, diuretics, iron sulfate, and 
anticoagulants (sodium warfarin until the 
36th week of gestation, heparin 5000 units 
every 6 hours thereafter). 


The pregnancy progressed satisfactorily. 
One episode of congestive heart failure dur- 
ing the 2nd trimester was treated success- 
fully with increased doses of digoxin and 
furosemide. At 39 weeks of gestation, the 
patient was considered ready for delivery 
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(the cervix was favorable for induction and 
the fetus was mature). Accordingly, heparin 
was discontinued, kanamycin and penicillin 
administered intramuscularly, and mem- 
branes ruptured artificially. Regular con- 
tractions began 3 hours later. 


A slow IV infusion of 5% dextrose in 1/3 
NaCl (50 ml/hr) was started, and blood 
obtained for cross-match, clotting time, and 
prothrombin time determination. Clotting 
time (Lee-White) was 26 minutes and pro- 
thrombin time 21 seconds (control 11.5). 
Protamine sulfate (total of 25 mg) was 
given in increments until coagulation values 
became and remained normal. 


As soon as cervical dilation permitted, 
internal monitoring of uterine pressure and 
fetal ECG was begun. At 5 cm dilation, a 
continuous lumbar extradural block was 
initiated using a 17-gauge thin-walled Tuohy 
needle and a Teflon-styleted catheter, which 
was threaded cephalad. The patient’s right 
hip was elevated by a foam-rubber wedge 
(to prevent aortocaval compression), and 
O, was administered continuously by face 
shield. For pain relief of the 1st stage of 
labor, a segmental block from T9 through 
L1-2 was achieved with 2% 2-chloropro- 
caine, using a total of 360 mg over a 21⁄4- 
hour period. Chloroprocaine (395, 6 ml) 
injected in the sitting position provided 
perineal analgesia. 


A normal healthy infant (Apgar scores 
8 to 10) weighing 3050 gm, was delivered 
by low-mid forceps over a mediolateral epi- 
siotomy after 45 minutes of 2nd-stage labor. 
Synthetic oxytocin (10 units) was added to 
500 ml of IV fluid after expulsion of the 
placenta. Blood loss was less than 250 ml, 
and vital signs remained stable (BP 120/70 
to 110/60, heart rate 96 to 108 during labor, 
88 postpartum). Following repair of the 
episiotomy, another 6 ml of 3%, chloropro- 
caine was administered, resulting in a sen- 
sory level of T8 and producing analgesia 
for bilateral tubal ligation (through a 5-cm 
subumbilical incision, with blood loss of 
20 ml). 


Lead II of the ECG was monitored 
throughout the course of extradural block 
and showed unchanging atrial fibrillation. 
There appeared to be no danger of post- 
partum cardiac failure, and the extradural 
catheter was removed at the end of the 
operative procedure. Heparinization was re- 
started 24 hours later, and the mother am- 
bulated shortly thereafter. Both mother and 
infant had an uneventful course. 
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DISCUSSION 


The pregnant woman with cardiac valve 
prosthesis presents a twofold problem of 
management: (1) that of a rising cardiac 
workload in the presence of serious heart 
disease, and (2) that of chronic anticoagu- 
lant therapy.! Cardiac output and left ven- 
tricular work, which rise steadilv during 
gestation, are further increased during each 
effective uterine contraction.? However, their 
cumulative increases can be significantly 
reduced by adequate pain relief, a shortened 
2nd stage of labor, and avoidance of bear- 
ing-down efforts.?.* 


It has been stated that the ideal delivery 
for the parturient with acquired heart dis- 
ease is “опе which is accomplished using 
simple outlet forceps under some form of 
regional anesthesia," preferably continuous 
extradural block.* Segmental lumbar extra- 
dural analgesia is optimal because pain re- 
lief is specific while the disadvantages of 
more extensive blockade are prevented; yet 
the technic can be employed to reduce ve- 
nous return to the heart, should cardiac 
failure with pulmonary edema suddenly oc- 
cur. We chose chloroprocaine as the local 
anesthetic because of the versatility and 
safety offered by its short duration of action. 


It is evident that hypotension should be 
avoided. However, blood pressure ought not 
decline significantly or at all, if а segmental 
block is executed judiciously and compres- 
sion of the inferior vena cava circumvented. 
If, nevertheless, vasopressor treatment be- 
comes necessary, the choice of drug depends 
upon the cardiac disease. Although ephed- 
rine is preferred from the viewpoint of the 
fetus, it is contraindicated whenever in- 
creases in cardiac output and/or rate are 
harmful to the mother. In such situations, a 
dilute solution of phenylephrine or norepi- 
nephrine is recommended. 


Oxygen inhalation by face shield or nasal 
cannula is beneficial in view of the in- 
creased O, consumption associated with la- 
bor, and administration of broad-spectrum 
antibiotics is advocated as prophylaxis 
against the development of bacterial endo- 
carditis at parturition. Oxytocics must be 
used with caution. Ergonovine-type drugs 
are vasoconstrictors which raise venous and 
arterial pressures, whereas the synthetic 
oxytocins are vasodilators capable of pro- 
ducing marked hypotension. Only a dilute 
solution of a synthetic oxytocin should be 
administered to a cardiac patient. 


Heart disease, per se, is no indication for 


216 


cesarean section. Despite the repetitive 
hemodynamic alterations caused by labor, 
vaginal delivery offers advantages to both 
mother and neonate. The mother benefits 
from lesser blood loss, lesser danger of 
wound infection or dehiscence, lesser haz- 
ard of thrombophlebitis, and lesser incidence 
of bleeding following reheparinization; the 
infant, from more physiologic preparation 
for extrauterine life. 


Anticoagulation constitutes a special prob- 
lem during pregnancy. The long-acting oral 
anticoagulants, consisting of small mole- 
cules, traverse the placenta freely, with pos- 
sible teratogenicity and hemorrhagic poten- 
tial in placenta and fetus.! In addition, re- 
versal of their effect is slow. They should 
not be used during the 1st trimester or near 
term. Instead, heparin, which does not pass 
the placenta and can be reversed easily, 
should be employed in the beginning and in 
the last 4 to 6 weeks of gestation. At the 
onset of labor, heparin should be discon- 
tinued and reinstituted 24 hours after de- 
livery. Within 5 to 7 days postpartum, oral 
anticoagulants can again replace heparin. 


Because of a recent case report of extra- 
dural hematoma formation in a patient with 
occlusion of the popliteal artery, who was 


CSF AND CEREBRAL ANOXIA 
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started on heparin therapy 20 minutes after 
initiation of a continuous extradural block, 
we did not reheparinize our patient until 
24 hours after removal of the catheter. 


The long-standing hemiparesis was not 
considered a contraindication to extradural 
analgesia, as it was the result of emboliza- 
tion from mitral stenosis, a disease process 
eliminated since, and did not represent a 
neurologic disease with the potential of pro- 
gression or exacerbation. 
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Changes in cisternal and lumbar cerebrospinal 


fluid (CSF) were measured to determine metabolic changes in the central nervous 
system after profound anoxia. In 12 patients who could not be resuscitated the cisternal 
CSF pH was more acid and the potassium concentration double that in lumbar CSF. 
These data suggest that potassium and hydrogen ions leave the brain cells during 
anoxia and these changes are more accurately reflected by cisternal than lumbar CSF. 
Marked increases in extracellular fluid potassium may produce vasoconstriction and 
impair re-establishment of regional cerebral blood flow following ischemia. Cisternal 
CSF was normal in a group of patients who were successfully resuscitated. (Kalin EM, 
Tweed WA, Lee J et al: Cerebrospinal-fluid acid-base and electrolyte changes resulting 
from cerebral anoxia in man. NEJM 293 11013-1016, 1975) 
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А Potential Ignition Source in the Operating Room 


EDWARD F. ANDERSON, LCDR, USN (MC)* 


Close proximity or point-to-point contact be- 
tween the posterior aspect of the light in the 
Castle/Daystar? lighting system and the Oz 


Brave of the decrease in use of flam- 
mable anesthetic gases and vapors, 
there has been a corresponding decrease in 
concern as to the possibility of fires and 
explosions in the operating room.! However 
rare, fires and explosions still occur, as was 
demonstrated by a recent report of a flash 
fire after the use of a skin prep spray and 
electrocautery.? 


An unusual potential ignition source in 
the operating room is described in the fol- 
lowing case report. 


CASE REPORT 
'The patient was a 64-year-old ASA class 
II woman having an exploratory laparotomy. 
General endotracheal anesthesia, using a 
balanced technic consisting of N.O-O., me- 
peridine, and d-tubocurarine, was adminis- 
tered. 


Approximately 2 hours after the incision, 
the orbiter lights of the Castle/Daystar® 
Surgical Lighting System were adjusted for 
better lighting in the operative field. Ten 
minutes after the above placement, a loud 
“pop” was heard, followed by a continuous, 
loud “hiss.” The posterior aspect of one 
lamp was found to be 3.8 cm from the О» 
supply tubing, at a point 15.2 cm from the 
O, outlet in the overhead console above the 
anesthesiologist. The O. tank was turned on, 
after which the О„ supply tubing was dis- 
connected from the outlet. A 1-cm-long 


supply tubing can result in the development of 
hypoxia or in an explosion, as described in the 
following case report. 


break (figure) was noted in the O, supply 
tube, with no observable melting of the 
material. No damage or injury to the pa- 
tient or operating room personnel occurred, 
and the operation continued without further 
incident. 


DISCUSSION 


Despite the decrease in use of flammable 
anesthetics, fire and explosions are still a 
threat. Many items used in the operating 
room are flammable, including: “gauze pads 
and sponges, adhesive tape (especially plas- 
tic), eye patches, drapes, prepping solutions, 
and rubber endotracheal tubes." When 
combined with a source of ignition and in- 
creased concentrations of О, or N.O, fires 
and explosions are possible. 





FicunE. White arrow (at left) shows defect in O, 
supply tubing. 
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The O, supply outlet in the case described 
above was up beyond the 1.5-m hazardous 
area,? and the supply tubing was conduc- 
tive; thus both conformed to the standards 
for the use of inhalation anesthetics.* The 
Castle/Daystar system gives color close to 
true daylight on the operative field, while 
transmitting "substantially less heat in the 
surgical field per foot candle of illumina- 
tion." The cold mirror reflectors and optical 
train direct the high-intensity visible light 
to the field and about 80% of the infrared 
energy upward through the backs of the 
reflectors away from the surgical field.^ 


The O, tubing was manufactured by the 
Chemetron Corporation. It was composed 
of vinyl plastic, had a melting point of ap- 
proximately 315 C, a bursting pressure of 
325 psi, and had been in use for 6 months. 


To determine whether the above incident 
could be reproduced, other tubing was 
placed in soft, point-to-point contact against 
the central rear surface of the orbiter light 
with the O, flowing at 2 L/min. Tubing from 
another machine had a blowout in 55 sec- 
onds. Fresh, unused tubing blew in 65 sec- 
onds with the light in question and in 67 
seconds with another orbiter light. 


Increasing the temperature of the O, sup- 
ply tubing progressively weakened the walls 
until they were no longer capable of sup- 
porting the moderate pressure (50 psi) at 
which the О, is supplied. The resulting 
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“blowout” could lead to the development ‘of 
hypoxia (should the O, tanks not be turned 
on) by allowing the O, to escape through 
the lower resistance hole into the operating 
room atmosphere. Furthermore, if there 
were direct contact between the О„ tubing 
and the posterior of the lamp or if flammable 
anesthetics or other combustible substances 
were present with an elevated temperature, 
an explosion might have occurred.^ 
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SUPRASTERNAL PALPATION Measurements of tracheal length 


(inspiratory 


chest radiographs) in non-intubated infants revealed the tracheal midpoint to be 
within 0.5 em of the interclavicular midpoint. With the head in a neutral position, 
an endotracheal tube with stylet is passed through the glottic opening until the tip 
is palpated in the suprasternal notch at the level of the clavicles. Thirteen intubations 
performed with external tracheal palpation were confirmed to be within 1 cm of the 
interclavicular midpoint while only 3 of 14 tracheal tubes were so placed without 
external palpation. Auscultation was unreliable as the distal end of the tracheal tube 
could be 1 ст in either bronchus without changes in breath sounds. Disadvantages 
of this technique include the need for two people and the use of a stylet. (Bednerek FJ, 
Kuhns LR: Endotracheal tube placement in infants determined by suprasternal 
palpation: А new technique. Peds 56:224-229, 1975) 
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CHOICE 





In each issue of the Journal an article of 
particular interest and value to anesthesi- 
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ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular commercial firm or its 
product by Anesthesia and Analgesia— Cur- 
rent Researches. 


Righting the Wrongs of Writing: Copy Editors Speak Out 


JACLYN J. ALEXANDER 
JUDY WALL 


The major part of APGA Press production 
editor's jobs is copy editing manuscripts before 
they are set in type. In this article, written at 
the invitation of the P&G editor, two APGA 
Press Staff members use specific examples to 
illustrate the grammatical and stylistic errors 


T'S A typical day in the Press Staff offices. 
The managing editor's phone rings. 
“APGA Press." 


“Jackie? It's Jude. I can't figure out this 
sentence." 


Jaclyn J. Alexander is Managing Editor 
of the APGA Press and has been copy and 
production editor for several of the APGA 
divisional journals. Judy Wall is Senior 
Editor on the APGA Press Staff and copy 
and production editor of the PERSONNEL 
AND GUIDANCE JOURNAL. The authors ex- 
press their thanks to Richard Wall for his 
help in the revising and polishing of the 
manuscript (despite their advice in this 
article to have manuscripts critiqued by 
objective outsiders). 


that cause problems for them and, if not cor- 
rected, for readers. The authors hope that 
contributors and potential contributors to pro- 
fessional journals will find this article helpful 
in expressing their ideas clearly when prepar- 
ing material for publication. 


“Okay, read it to me." 


“It says, ‘It has been thusly observed that 
students in contiguous areas of growth at 
various levels, no matter where they are, 
come to the counselor for help with the pre- 
sumptuousness of effectiveness of facilita- 
tion.’ " 


“What???” 


“Well, I have no idea what these authors 
are talking about.” 


“What’s the article about?” 


“Its about the characteristics of under- 
graduate students who seek counseling.” 


“All right, let’s take it one step at a time. 
What does the pronoun they refer to? Stu- 
dents? Areas? Levels?” 


Copyright (1975) American Personnel and Guidance Association. Reprinted with permission. 
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TEN Minutes LATER: 


“Okay, read it back to me. What have we 
got?” 


“Here it is: ‘We have seen that students 
at all levels of growth come to the counselor 
for help and expect to receive it. ” 


Conversations of this kind take place often 
around the APGA Press. In this case we 
were able to figure out what the authors 
wanted to say and help them say it clearly. 
We can’t always. Sometimes a sentence is 
so awkward that we don’t know what the 
author is trying to say, and chances are that 
the reader won’t either. We thought it might 
be helpful to share with P&G readers and 
potential contributors some of the misuses 
and poor uses of language we have come 
across in articles we have edited. By being 
aware of some of the common writing faults 
that can lead to misinterpretation, an author 
can avoid them. 


WHY COPY EDITORS? 

Copy editors, those mysterious, behind- 
the-scenes people on the staffs of every book 
publishing company, magazine, journal, and 
newspaper, have a major job: to help writers 
communicate their ideas to readers as clear- 
ly and effectively as possible. Essentially 
this process entails improving readability 
by correcting grammatical errors and mak- 
ing stylistic changes. Depending on the 
literary medium they are working in, copy 
editors’ tasks vary. Although our experi- 
ence has been primarily in journal work, 
and our examples are drawn from this me- 
dium, what we have to say is applicable to 
all types of writing. 


A professional journal article is exposi- 
tory in nature. The author’s purpose is to 
present a point of view, an idea, a finding, 
or a program to a readership of professional 
colleagues. In other words, the article is 
designed to inform. To communicate. To 
talk to people. When the writing technique 
or style interferes with or detracts from the 
ideas, the purpose is defeated. 


This is where we come in. On the fol- 
lowing pages are some examples of the kinds 
of changes we make in manuscripts to clari- 
fy meaning and improve readability. 


RIGHTING THE WRONGS 
OF WRITING 
There are two types of problems that give 
copy editors headaches. One is that of 
grammar and syntax—a misplaced comma, 
an incorrectly used conjunction, a pronoun 
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with an unclear referent. The other, harder 
to define, concerns style and readability. 
We'll take the second one first. 


STYLE AND READABILITY 


Some years ago, a newscaster reported on 
a national news station, “Не shot his girl- 
friend in the Bronx." If you've ever been 
shot in the Bronx, you know how painful 
that can be. 


Okay. Everybody knew what he meant; 
the point is that it sounded a little silly. 
Style is not what you say but how you say 
it. Remember, the purpose of professional 
journal material is to communicate. Any- 
thing—a paragraph, a sentence, a phrase, or 
even a word—that doesn't work smoothly to 
that end doesn't belong there. There are 
several ways that style can interfere with 
communication. 


Short and Sweet Says It Best.—Writing 
principle number one, and also principles 
number two, three, and four, is economy of 
expression. No matter what the medium, 
the straightforward, declarative sentence is 
the most direct way of communicating. You 
can’t beat it. Unnecessarily long and in- 
volved sentences only confuse readers. Such 
sentences crop up when an author tries to 
cram too many ideas into one sentence. 
When a sentence has too many clauses, too 
many "whiches," the reader tends to try to 
sort out the sentence instead of paying at- 
tention to what the author is saying. Sen- 
tences needn't be choppy, but they shouldn't 
be so complicated that the reader must read 
them two or three times to understand the 
meaning. 


The following is a good example. “The 
client who has been referred within himself 
or herself predetermines and verbalizes to 
the counselor to whom he or she has been 
referred about what his or her counterpro- 
ductive behaviors are or are not, makes deci- 
sions regarding which of such behaviors she 
or he can commit himself or herself to work 
on, with the counselor, of course, and the 
counselor facilitates the setting of aforemen- 
tioned goals related to the replacement of 
such with more positive behavioral perform- 
ances, or goals related to the acquisition of 
such which had not previously been within 
the viable parameters of the client's activity- 
oriented repertoire." Whew. Authors may 
know what they mean when they write sen- 
tences such as that one, but, being more 
involved with their ideas than with their 
words, they don't express the meaning suc- 
cinctly and clearly. 


Editor's Choice 


" Where language and diction ( word choice) 
are concerned, economy of expression is 
again the key. Unusual word usages are 
detrimental to communication when they 
draw attention to themselves and away from 
the writer's ideas. When a short, simple, 
common word will do, use it in place of a 
long, unusual one. Why send readers scurry- 
ing to their dictionaries to look up perdure 
and extirpate when last and destroy will 
convey the meaning? The impression this 
gives is that the author is trying to impress 
readers with an extensive vocabulary. 'They 
may indeed be impressed. They may also 
miss the author's meaning. Using simple 
words is not necessarily patronizing. Rather, 
it makes for clear, precise, direct communi- 
cation. 


Another diction fault may have the oppo- 
site effect: It may put readers to sleep. 
We're talking about the tendency to repeat 
the same word or phrase over and over 
again. Using interesting synonyms makes 
uninteresting writing more interesting for 
interested readers. Oops. What we meant 
to say was that the use of interesting syno- 
nyms makes dull writing come alive for at- 
tentive readers. 


Writing in Action, or, Action in Writing. 
A problem on the more technical side is 
the use of the passive voice. Here's a quick 
grammar lesson, before you go hunting for 
your fifteen-year-old's grammar text in order 
to get through this paragraph. J taught the 
class has an active verb. The class was 
taught by me has a passive verb. Both sen- 
tences are grammatically correct, and in 
both the meaning is clear. The difference is 
in the emphasis. In the second case the 
grammatical subject of the sentence is not 
the person who is doing the acting (me) 
but the thing that is being acted on (the 
class). 


We've seen many articles full of good 
ideas that might have been interesting but 
weren't because sentence after sentence had 
passive verbs. 'This kind of writing is boring 
and dry because it is literally passive; there 
is no action taking place, no movement to 
keep the reader interested. Unfortunately, 
this is the least of the difficulties. Often a 
sentence written in the passive voice is at 
best ridiculous, at worst incomprehensible. 


“A professional journal article is designed 
to inform. To communicate. To talk to 
people. When the writing interferes with 
the ideas, the purpose is defeated." 
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One author wrote, Courses are taught by the 
counselors in mental institutions. 'The copy 
editor changed it to read The counselors 
teach courses to patients who are in mental 
institutions, lest young counselor trainees 
get the wrong impression about what will 
happen to them after they get out of school. 
Counselors and students plan a curriculum 
together, and a student portfolio is main- 
tained. Obviously, it is not clear who is 
keeping the portfolio. Are counselors keep- 
ing tabs on the students? Are students re- 
cording their own progress? Or is a third 
party keeping this log? 'This is a case in 
which the active voice is imperative for 
clarification. 


In other words, don't say it can be seen 
that; say we can see that. Don't say it is 
hoped by this author that; say I hope that. 
Don't say it has been shown by researchers 
that; say researchers have shown that. In 
your reading, watch for passive construction 
and see how it detracts from the impact of 
a sentence. Watch for it also in your writ- 
ing, and change it! 


The Medium, the Message, the Method. 
A more general style issue authors should 
be concerned with is the appropriateness of 
language. Metaphors, analogies, images, and 
poetic phrases are often inappropriate in 
expository writing because they are distract- 
ing. As with unusual word usages, these 
figures of speech draw attention to them- 
selves. We have come across sentences such 
as these im journal manuscripts: In order to 
relate to clients, the counselor must em- 
pathically wear his heart on his sleeve. 
Sounds pretty messy. T'he book provided a 
veritable treasure chest of pearls of wisdom 
for those who read it. A real gem. Driving 
down the narrow and winding highway of 
life, we counselors have a panoramic view 
of the lonely, alienated counselee-hitchhikers 
who beckon to us to stop and help them. 
Will we heed the call of their supplicating 
thumbs? Good grief. 


Imagery and poetic language work only 
when they are fresh, interesting, and to the 
point. Words and phrases that are trite 
don't work in any context. Only the most 
skillful writers can combine expository and 
creative writing without causing a jarring 
effect on the reader. 


We can't leave this topic without saying 
a word about professional jargon. In many 
cases counseling terminology has specific 
meaning, and people in the field understand 
it But many times a word or phrase is 
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overblown; the writer could substitute a 
simple word or phrase without sacrificing 
the meaning. In speaking of jargon, Edwin 
Newman, in Strictly Speaking: Will Ameri- 
ca Be the Death of English?, says, “А large 
part of social scientific practice consists of 
taking clear ideas and making them opaque" 
(1974, p. 146). He goes on to say, 


For a social scientist to make obscure what he 
considers to be unnecessarily clear calls not so much 
for an imagination as for an appropriate vocabulary 
in which boundaries are parameters, parts are com- 
ponents, things are not equal but co-equal, [and] 
signs are indicators. . . . 'To know oneself is to have 
self-awareness, communities being studied are target 
areas, thinking is conceptualization, patterns are 
configurations, and people do not speak but articulate 
or verbalize; nor are they injured: they are 
traumatized. . . . 


You can move on quickly to more complex con- 
structions. “Siblings are conflicted in their inter- 
personal relationships” means that children of the 
same parent or parents don’t like each other. “Exog- 
enous variables form the casual linkage that 
explains the poverty impact, the behavior modifi- 
cation, and the intergroup dissonance in the target 
area" means that outside factors cause the poverty 
and the changes in people that lead to trouble in 
the neighborhood. A recommendation by a medical 
ethicist that a physician obtain an input from the 
patient's own value system means that the patient 
should be asked whether he wants the treatment. 
(pp. 146-147) 


We don't mean to discourage the use of 
professional terminology when it is called 
for; we only urge that your writing be clear, 
simple, and direct. The use of jargon may 
muddy your message. 


GRAMMAR AND SYNTAX 


The mighty comma! This little piece of 
punctuation has the power to change the 
entire meaning of a sentence. The counselor 
trainee the supervisors observed was having 
difficulty in applying behavior modification 
techniques means that the supervisors ob- 
served a particular trainee who was having 
this difficulty. The counselor trainee, the 
supervisors observed, was having difficulty 
in applying behavior modification tech- 
niques. 'ТҺе commas give a completely dif- 
ferent connotation to the word observed. 
Without the commas, observed is being used 
in the sense of “saw” or “watched”: with the 
commas, it means “made an observation" 
or "said." 





" "Wives had a greater desire to talk to a 
counselor than their husbands', said one 
author, making it easy to see why the wives 
needed counseling." 
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Here's a case in which the meaning ‘is 
clear, but only after a second reading of the 
sentence. The group counseling sessions are 
cancelled today and tomorrow classes will 
start late. These are two independent clauses 
separated by a conjunction; this construc- 
tion almost always requires a comma. With- 
out a comma after today, the reader tends 
to link today and tomorrow before realizing 
the writer's intent. But be careful; what 
appear to be independent clauses may not 
be. The group counseling sessions are can- 
celled today, and tomorrow will resume as 
usual. We're all relieved to hear that, but 
the writer intended no such assurance. Two 
independent clauses have two subjects and 
two verbs. This sentence has one subject 
(sessions) and a compound verb (are can- 
celled and will resume); tomorrow is an 
adverb. The best way to rewrite the latter 
sentence is T'he group counseling sessions 
are cancelled today and will resume tomor- 
row as usual. 


Pronouns without clear antecedents are 
inevitably confusing. T'he teachers put the 
children's drawings on the walls, and the 
parents praised them for their originality. 
It's not clear what the pronouns them and 
their refer to. The situation calls for either 
a repetition of the noun being referred to 
or a recasting of the sentence. The second 
clause should be either the parents praised 
the children’s originality or the parents 
praised the originality of the drawings or 
the parents praised the teachers for the 
originality of their idea. We assume that 
the walls were secure enough not to crumble 
for lack of parental praise. 


Syntax refers to the order and relation of 
the elements of a sentence. Dr. Finch was 
among the department heads at the meeting. 
If Dr. Finch is one of the department heads, 
the sentence would be better written Dr. 
Finch was one of the department heads at 
the meeting. If Dr. Finch was standing 
amidst a group of department heads, that 
should be made clear: Dr. Finch was stand- 
ing among the department heads at the 
meeting. Another example of a syntactical 
problem: T'he concept of psychological edu- 
cation in the university has changed drasti- 
cally must be changed to read either In the 
university, the concept of psychological edu- 
cation has changed drastically or Psycho- 
logical education in the university is a con- 
cept that has changed drastically. A third 
example: Wives had a greater desire to talk 
to a counselor than their husbands, said one 
author, making it easy to see why the wives 


Editor's Choice 


neéded counseling in the first place. What 
the author meant was: Wives, more than 
their husbands, wanted to talk to a coun- 
selor. Another alternative: Wives had a 
greater desire to talk to a counselor than 
did their husbands. 


The program included lectures on the 
rationale for career development and role 
playing. There are three possible meanings 
here, and the syntax of the sentence should 
leave no doubt as to which is correct. The 
program. included lectures on the rationale 
for career development and the rationale for 
role playing. Or, The program included role- 
playing exercises and lectures on the ration- 
ale for career development. Or, The pro- 
gram included lectures on role playing and 
on the rationale for career development. The 
difficulty in the original sentence arises from 
the fact that the reader can't tell whether 
the noun role playing is the object of the 
preposition on, the object of the preposition 
for, or the direct object of the verb included. 


The placement of adjectives can be criti- 
cal. In the phrase new students, faculty, 
and staff, it isn't clear whether new refers 
to all three groups or to students only. If 
the writer means to refer to all three groups, 
the phrase can read either new students, new 
faculty, and new staff or students, faculty, 
and staff, all of whom were new. ЇЇ new 
refers to students alone, it can read, new 
students, the faculty, and the staff or, even 
better, faculty, staff, and new students. 


Our intention here was not to write a 
grammar and style book but to focus on 
some common faults that hamper readabil- 
ity. Be aware of these faults. Look for others 
as well. Be a critical reviewer of your own 
writing; question every word, every phrase, 
every sentence. But don't stop there. Since 
you, as an author, may be too close to your 
own writing to be able to look at it objec- 
tively and assess its quality, have someone 
else read and critique it. That someone 
should be a person outside your professional 
field, a person who can provide an honest 
and objective appraisal of your writing. An 
English instructor, a writer, or an editor 
would be ideal. And there are plenty of good 
books on style and usage, some scholarly, 
some entertaining, all informative and help- 
ful. You'll find our favorites listed in the 
bibliography. 


А FINAL WORD 
: Writing quality may be the deciding fac- 
tor in a journal editor's accepting or reject- 
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ing a manuscript. In some cases a manu- 
script is of borderline acceptability in terms 
of content and originality, and if the writing 
is poor, that may be the factor that consigns 
it to the rejection pile. In other instances 
a manuscript is quite good with regard to 
content and originality but is so poorly 
written that an editor rejects it for that 
reason alone. A practitioner may indeed 
have a practical and workable technique, a 
truly innovative program, or a fresh insight 
into an accepted theory, but an editor may 
never discover it. It is unlikely that an 
editor who has to wade through context to 
get to content will be favorably disposed 
toward the material. 


We have two suggestions. 'The first we've 
mentioned or implied as often as we could 
in this article: Economize in expression. In 
writing, there is no substitute for simplicity. 
The second suggestion, closely related to 
the first, is this: Write the way you talk. 
People don’t usually talk in five-syllable 
words and multiclause sentences; and read- 
ers are, after all, seeing the written words 
of someone who is talking to them. Here's 
how to check it out: If you would feel un- 
comfortable saying aloud something you 
have written, your writing is probably stilted 
and unnatural. Say to yourself what you 
would say to another person, and then write 
it that way. You can do the polishing later. 


And so, as we wend our wandering way 
toward that big editorial office in the sky, 
we fight with never-ending zeal to extirpate 
obfuscation and illuminatively elucidate the 
methodological method for ameliorating the 
causative determinants of linguistic mal- 
feasance. . . 
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The Interaction Between d-Tubocurarine, Pancuronium, 
Polymyxin B, and Neostigmine on Neuromuscular Function 


LINDA S. VAN NYHUIS, AB* 
RONALD D. MILLER, МОТ 
RICHARD P. FOGDALL, MD 


San Francisco, CaliforniaS 


The interaction between pancuronium, d-tubo- 
curarine, polymyxin B, and neostigmine was 
studied in the rat diaphragm-phrenic nerve 
preparation. Polymyxin В (5 ug/ml) did not 
affect twitch tension alone but decreased the 
pancuronium EDs. from 0.8 „g/ml to 0.32 
ug/ml and the d-tubocurarine EDs from 0.25 
ug/ml to 0.15 ug/ml. Neostigmine (0.2 to 10 
ug/ml) antagonized pancuronium or d-tubo- 
curarine-induced depression of twiteh tension. 


HE incidence of postoperative infections 

of the peritoneal cavity anc surgical 
wounds may be decreased by irrigation with 
polymyxin B.!? However, polymyzin B pro- 
duces a neuromuscular blockade which neo- 
stigmine does not antagonize and may pro- 
long.!'? Although neostigmine is an effective 
antagonist of d-tubocurarine (hereinafter 
"tubocurarine") or gallamine neuromuscu- 
lar blockade,* it is not known whether neo- 
stigmine will antagonize combined block 
from both polymyxin B and tubocurarine or 
gallamine. 


A recent case report? suggested that neu- 
romuscular blockade from polymyxin B- 
pancuronium was enhanced rather than an- 
tagonized by neostigmine. This also was the 


In contrast, neostigmine (0.001 to 0.2 ug/ml) 
augmented polymyxin B depression. Similarly, 
neostigmine (0.1 ug/ml) augmented combined 
polymyxin B-pancuronium or polymyxin B- 
d-tubocurarine depression of twitch tension. 
The authors conclude that polymyxin B poten- 
tiates the neuromuscular blockade from pan- 
curonium or d-tubocurarine and that neostig- 
mine further augments this block. 


first report of pancuronium block being pro- 
longed by polymyxin B. Accordingly, we 
studied the neuromuscular interaction be- 
tween pancuronium, tubocurarine, polymy- 
xin B, and neostigmine. 


METHODS 


Hemidiaphragms with attached phrenic 
nerves were resected from exanguinated 250- 
gm male Sprague-Dawley rats." The prepa- 
rations were placed in a 50-ml bath of 
Tyrode’s solution? at 27 C (pH 7.1). One 
end of the diaphragm was fixed and the 
other end attached to a force-displacement 
transducer. The nerve was stimulated supra- 
maximally (duration- 1 msec; frequency 0.2 
Hz) and resultant muscle twitches, which 
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were calibrated with weights, were recorded 
on a polygraph. Dose-response curves were 
obtained for neostigmine (N=6), polymyx- 
in B (N=6), pancuronium (N=4), and 
tubocurarine (N=4) alone. Also the effect 
of neostigmine on either a polymyxin B 
(N=4), pancuronium (N=6), or tubocu- 
rarine (N=6) neuromuscular blockade was 
determined. 


Lastly, the effect of neostigmine on either 
polymyxin B-pancuronium (N=5) or poly- 
myxin B-tubocurarine (N=5) neuromuscu- 
lar block was determined. Drugs were added 
to the bath only after the twitch had been 
stable for 10 minutes. Maximum depression 
of twitch tension was observed for at least 
5 minutes, to insure a stable endpoint. Then, 
at least three washings were used to remove 
the drug from the bath. 


When the twitch tension had returned to 
control for at least 10 minutes, the process 
was repeated until a complete dose-response 
curve was obtained. The order of drug dose 
administration was randomized. 


Linear regression lines were compared by 
analysis of variance.§ 


RESULTS 


Without other drugs present, smaller 
doses of neostigmine (0.3 to 0.5 ug/ml) in- 
creased and larger doses (1 to 2 ng/ml) 
decreased twitch tension (fig 1). The ED;, 
dose (the dose resulting in a 50 percent re- 
duction in twitch tension) of polymyxin B 
was 23 „g/ml (fig 2). Polymyxin B (5 
ug/ml) decreased the ED; of pancuronium 
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Fic 1. The effect of neostigmine alone on twitch 
tension. Each dot represents the mean + 1 SE. 
(N = 6) 
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Fic 2. The effect of polymyxin B alone on twitch 
tension. Each dot represents mean + 1 SE. The N = 6 
on all doses except the 15 ug/ml dose, of which 
N= 4. (т = 0.73) 
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Fic 3. The effect of polymyxin B (5 ug/ml) on a 
pancuronium dose-response curve. The correlation 
coefficient for the pancuronium curve is 0.84 and 
for the pancuronium plus polymyxin B curve is 
0.82. (N — 4) 


from 0.8 to 0.32 „g/ml (p<0.01) (fig 3). 
Polymyxin B (5 g/ml) decreased the ED; 
of tubocurarine from 0.25 to 0.15 „g/ml 
(p«0.01) (fig 4). Although the pancuro- 
nium and pancuronium-polymyxin B dose- 
response curves were not completely parallel 
(p«0.05), the tubocurarine and: tubocura- 
rine-polymyxin curves were parallel. 
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Fic 4. The effect of polymyxin B (5 :g/ml) on a 
tubocurarine dose-response curve. The correlation 
coefficient for the tubocurarine curve is 0.93 and for 
the tubocurarine-polymyxin B curve is 0.88. (N= 4) 
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NEOSTIGMINE (yg/ml) 


Fic 5. The effect of neostigmine on an 18 + 49 
reduction of twitch tension from polymyxin B (15 
ug/ml). Each dot represents the mean + 1 SE. 
(N= 4) 


Neostigmine (0.001 to 0.15 ug/ml) pro- 
gressively enhanced an 18 + 4 percent block 
from polymyxin B (fig 5). In contrast, neo- 
stigmine (0.2 to 10 »g/ml) progressively 
antagonized a 73 + 5 percent tubocurarine 
and 84 + 5 percent pancuronium-induced 
depression of twitch tension (fig 6). 


When polymyxin B (5 ,g/ml) and pan- 
curonium (0.3 »g/ml) were added to the 
bath, a 35 + 9 percent reduction of twitch 
tension occurred. Neostigmine (0.1 g/ml) 
which previously antagonized pancuronium 
block, enhanced the block such that by 130 
minutes, a 90 percent reduction in twitch 
tension had occurred (fig 7). Similarly, neo- 
stigmine also augmented polymyxin B-tubo- 
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curarine block. When polymyxin B (5 
pg/ml) and tubocurarine (0.2 »g/ml) were 
added to the bath, an 82 + 2 percent de- 
pression of twitch tension followed. Although 
initial antagonism occurred, neostigmine 
(0.1 »g/ml) augmented the block such that 
a 100 percent depression of twitch tension 
occurred by 50 minutes (fig 7). 


DISCUSSION 

Our results confirm the clinical observa- 
tions that polymyxin B potentiates the neu- 
romuscular blockade produced by pancu- 
ronium and tubocurarine.? Polymyxin В (5 
ng/ml) did not depress the twitch itself, 
but markedly shifted the dose-response 
curves of both pancuronium and tubocura- 
rine to the left. Also, neostigmine augment- 
ed rather than antagonized a combined poly- 
myxin B-pancuronium or polymyxin B- 
tubocurarine neuromusclar block. 


Although tubocurarine is one-fifth to one- 
tenth as potent as pancuronium in most 
species,?.!" pancuronium is less potent than 
tubocurarine in the rat. Consonant with pre- 
vious studies in the rat diaphragm-phrenic 
nerve preparation,!? we found that the ratio 
between tubocurarine and pancuronium 
ED;, was 0.25 „g/ml/0.8 „g/ml, or 0.31. 
The in vitro results here were performed at 
27 C and a pH of 7.1, which are ideal for 
the rat diaphragm-phrenic nerve prepara- 
tion. In spite of these low values, the simi- 
larity between our results and the clinical 
observations of Fogdall and Miller? suggests 
that the results of this study apply also to 
man. Additional in vivo studies at higher 
temperatures and pH are needed for con- 
firmation. 


The mechanism by which polymyxin B 
depresses neuromuscular transmission never 
has been elucidated. Our results indirectly 
suggest that polymyxin B does not act by 
the classic depolarizing, nondepolarizing, 
or desensitization methods. A depolarizer 
would be augmented by neostigmine but 
should antagonize tubocurarine.!!!? Con- 
versely, a desensitizer or nondepolarizer 
should augment tubocurarine but be an- 
tagonized by neostigmine.!!!? Clearly, 
polymyxin B does not fit either classifica- 
tion. 


The bactericidal activity of polymyxin B 
results from an interaction with cell mem- 
brane phosphatidylethanolamine, causing an 
irreversible breakdown in the permeability 
barriers of the membrane.!? Such an action 
on nervous tissue (which has a high phos- 


Neuromuscular Function . . . Van Nyhuis, et al 


BLOCK ANTAGONIZED 
* 
o 
— = ee 
\ 
\ 
\ 
\ 
\ 
1 
i 
LI 
L 
\ 
\ 
\ 
\ 
A 
\ 
1 
\ 





227 





€ d-Tubocurarine 
O------ О Pancuronium 





а 1 —ї 1 


02 0.3 05 07 


PERCENT OF d-TUBOCURARINE OR PANCURONIUM 


1 
1.0 20 30 50 70 10 


NEOSTIGMINE (yg/ml) 


2 Fic 6. The effect of neostigmine on a pancuronium or tubocurarine-induced depression of twitch ten- 
sion. The initial pancuronium (1 ug/ml) depression was 84 + 5% and tubocurarine (0.3 zg/ml) was 


73 + 5%. (N= 6) 


o---o Pancuronium 


20 e—e d-Tubocurarine 








100 à 
20 40 60 80 100 120 140 160 


TIME (minutes) 


Fic 7. The effect of neostigmine (0.1 “g/ml) on 
pancuronium (0.3 4g/mD-polymyxin В (5 ug/ml) 
induced 35 + 9% and tubocurarine (0.2 “g/ml)- 
polymyxin B (5 ug/ml) induced 82 + 2% depression 
of twitch tension. (N = 5) 
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phatidylethanolamine content) or on mus- 
cle would reduce their transmembrane po- 
tentials. A generalized decrease in trans- 
membrane potential could impair transmit- 
ter release, postsynaptic depolarization, and 
muscle contractility. Obviously, microelec- 
trode studies are required to explore these 
possibilities. 

It is routine practice clinically to admin- 
ister neostigmine to antagonize a nondepo- 
larizing neuromuscular blockade from pan- 
curonium or tubocurarine. However, in the 
presence of polymyxin B, neostigmine may 
actually augment the block, and such a neu- 
romuscular blockade should be allowed to 
terminate spontaneously with ventilation 
controlled. Practically, it is difficult to de- 


termine how much of the block is from poly- 
myxin B or nondepolarizing relaxant. We 
administer 2.5 mg/70 kg of neostigmine ini- 
tially. If the block persists, we do not ad- 
minister additional neostigmine but allow 
the block to terminate spontaneously which 
may take several hours. 
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The separate effects of increasing age 


or hepatocellular liver disease on diazepam pharmacokinetics were evaluated. In 
normal patients, following 0.1 mg/kg intravenously or 10 mg orally, the terminal 
diazepam half-life increased linearly with age from about 20 hours at 20 years to 
about 90 hours at 80 years. This change was not due to differences in drug metaboliz- 
ing activity or plasma protein binding but correlated with the initial distribution 
volume of the drug. Despite the prolonged half-life, the constancy of plasma clearance 
despite age suggests drug accumulation is no more likely in the elderly than the young 
patient. Severe liver disease was associated with more than a two-fold increase in 
diazepam half-life due primarily to reduced plasma clearance (biotransformation) of 
the drug. Biochemical tests of liver function did not adequately reflect the ability of 
the diseased liver to metabolize diazepam. Thus, chronic diazepam administration to 


patients with liver disease might result in cumulative effects. 


(Klotz U, Avant GR, 


Hoyumpa А et al: The effects of age and liver disease on the disposition and elimination 
of diazepam in adult man. J Clin Invest 55 :347-359, 1975) 
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Incidence of Prolonged Pain Relief Following Acupuncture 


PETER K. Y. LEE, MD* 
JEROME H. MODELL, MD} 
THORKILD W. ANDERSEN, МО 
SEGUNDINA A. SAGA, MD§ 


Gainesville, Florida! 


From March 1973 to December 1974, 2090 
electroacupuncture treatments were applied to 
533 patients with chronic pain. Of 533 patients, 
276 (52%) reported excellent (2759) pain 
relief immediately after the last treatment, 
and 103 (19.3%) still reported excellent pain 
relief on a 4-week follow-up questionnaire. In 
March 1975, the authors contacted 87 of these 
103 patients. Sixty-three reported that they 


\ \ 7 E PREVIOUSLY reported on 261 patients 

who received up to 4 consecutive acu- 
puncture treatments for chronic pain.! In 
that study, 133 patients were treated with 
electrically stimulated needles placed in 
traditional acupuncture meridians. The re- 
maining 128 patients also received electri- 
cal-needle stimulation; however, these had 
been placed alternately in traditional merid- 
ians and in arbitrary locations. We found 
that 117 patients (5495) reported that their 
pain was either relieved completely or had 
decreased in intensity by at least 75% im- 
mediately after the 4th treatment. In a 
4-week follow-up questionnaire, 47 (18.6%) 
of the 252 patients who responded still had 
at least 75%, relief from pain.! Needle place- 
ment did not influence the results in that 
study. We have continued to study patients 
using this modality, to determine the inci- 
dence of long-term pain relief. 'The purpose 


*Visiting Research Professor. 
ТРгоѓеѕѕог and Chairperson. 
Professor. 
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still had excellent pain relief 3 to 18 months 
after therapy, 3 patients reported that their 
pain still was relieved 50%, and 21 patients 
said their pain had returned to the same inten- 
sity as before therapy. Thus, 12% of 533 pa- 
tients who received acupuncture treatment for 
chronic pain had a significant degree of pain 
relief at least 3 months after therapy. 


of this report is to identify those patients 
who received relief from pain for more than 
3 months after acupuncture therapy. 


METHODS 

Between March 1973 and December 1974, 
2090 acupuncture treatments were applied 
to 533 patients suffering from chronic pain. 
All patients received 3 treatments on suc- 
cessive days and most returned for a 4th 
treatment. Results of the 4-week follow-up 
were reported previously in 252 patients (9 
patients did not answer the 4-week ques- 
tionnaire).! The remaining 272 patients 
were treated similarly with needles being 
placed at traditional meridian points. These 
have not been reported. Electroacupuncture 
was performed via 27-gauge hypodermic 
needles by an electric stimulator with 0.35 
ms pulse width; biphasic-capacitor-coupled 
square wave; pulse rate 10 to 300/sec; and 
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amplitude 0 to 12 volts variable control. 
The adjustable controls were set to 200 
pulses/sec and 3 volts. The amplitude was 
further adjusted according to individual tol- 
erance. We did not include patients who 
were known narcotic addicts or who were 
in the course of compensation settlement. 


Patients interviewed for subjective degree 
of pain relief by someone not involved in 
administering the acupuncture were asked 
to grade the degree of relief as 0, 25, 50, 75, 
or 10095. Follow-up was in person, by mail, 
and by telephone. 


RESULTS 

Of 533 patients, 276 (5295) reported ex- 
cellent (7595) pain relief immediately 
after the last treatment and 103 (19.3%) 
still reported excellent pain relief on the 
4-week posttherapy questionnaire. In March 
1975, we contacted 87 of these patients 
either by a 2nd questionnaire or by tele- 
phone. (We were unable to reach the re- 
maining 16 patients.) Of these, 21 patients 
reported that their pain had returned to the 
same intensity as before therapy; 63 still 
had >75% degree of pain relief at 3 to 18 
months after therapy; and 3 patients report- 
ed their pain still to be relieved 50%. Thus, 
1295 of the patients contacted had residual 
pain relief (table 1). 


As in our previous study, there was no 


TABLE 1 
Duration of Relief of Pain Following 
Acupuncture 
Number of 
Duration patients 
100% relief 
3 to 5 months 16 
6 months 7 
7 to 9 months 8 
11 to 18 months 9 
Total 40 
75% relief 
3 to 6 months 10 
7 to 12 months 8 
15 to 18 months 5 
Total 23 
50% relief 
3 months 1 
11 months 
Total 3 


ANESTHESIA AND ANALGESIA . . . Current Researches Vou. 55, No. 2, MARCH-APRIL, 1976 

TABLE 2 Ё 
Duration of Pain Prior to Acupuncture 
Treatment 
Number of 
Duration patients 

6 to 12 months 9 
2 to 5 years 30 
7 to 8 years 5 
10 to 15 years 12 
20 to 40 years 10 
Total 66 


significant difference in the incidence of 
pain relief whether the needle placement 
was in traditional meridian locations or in 
arbitrary control points. 


Of the 66 patients who reported pain re- 
lief at least 3 months after therapy, 9 had 
suffered from pain for less than 1 year before 
therapy, 35 reportedly suffered from pain 
from 2 to 8 years, and 22 stated that they 
had been in pain for at least 10 years (table 
2). Thirteen patients had resumed pain 
medications but in smaller doses than pre- 
viously used. The remaining 53 patients 
were no longer taking pain medication. The 
pretreatment diagnoses of these 66 patients 
are shown in table 3. Thirty-four patients 
were male and 32 were female, with a mean 
age of 61.3 + 14 years. 


DISCUSSION 


Neither the mechanism of chronic pain 
nor the mechanism of acupuncture is fully 
understood. 'Thus, treating chronic pain with 
acupuncture is analogous to a blind person 
riding a blind horse. Yet, there are numer- 
ous testimonials of acupuncture therapy re- 
lieving the pain of low back discomfort, 
arthritis, neuralgia, and headache.!-° Of the 
533 patients treated in our study, all had 
been treated previously with drugs and 
many had been treated surgically. When 
pain persisted, patients sought acupuncture 
as an alternative to conventional modes of 
therapy. While 52% of patients reported at 
least 75% relief of pain immediately after 
their last acupuncture treatment, pain re- 
turned to many. However, 4 weeks later, 
19.3% of patients still had excellent pain 
relief. 


Although the incidence of pain relief fell 
considerably between the last treatment and 
the 4-week follow-up, the majority of pa- 
tients who still had significant pain relief 
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° TABLE 3 


Diagnosis of 66 Patients Who Received 
Long-Lasting (3 to 18 Months) Relief 
Following Acupuncture Treatment* 





Number of 
Diagnosis patients 
Low back pain 
Post disc surgery; 
laminectomy /fusion 10 (105) 
Unknown etiology 7 (73) 
Degenerative disc disease 2 (21) 
Spondylolisthesis 2 (21) 
Total 21 (220) 
Osteoarthritis, spine/extremities 17 (122) 
Neuralgia 
Postherpetic 2 (6) 
Postsurgery 3 (10) 
Postinjection 2 (6) 
Tie douloureux 2 (9) 
Peripheral neuropathy 1. (2) 
Total 10 (33) 
Headache 
Migraine 3 (12) 
Cervical arthritis 1 (4) 
Tension headache 1 (4) 
Cause unknown 2 (10) 
Total 7 (30) 
Traumatic arthritis 6 (16) 
Other 5 (112) 


*Number in brackets is total patients in each entity. 


4 weeks after therapy experienced this re- 
lief for at least 3 months. While immediate 
relief of pain after acupuncture therapy may 
be a poor indicator of long-term results, our 
experience suggests that the majority of the 
patients who have pain relief for at least a 
month can look forward to long-term effec- 
tiveness. 


231 


Since there was no difference between 
those patients who received their therapy 
along traditional meridians and those who 
received needles at arbitrarily selected 
points, we question whether the results of 
our study represent the results of “асирипс- 
ture" or the results of “counterstimulation.” 
Our study was not designed to offer an ex- 
planation of the mechanism by which our 
patients obtained pain relief. However, we 
did attempt to study the placebo effect by 
placing needles in other than the traditional 
meridians. This portion of our study sug- 
gests that electrical stimulation at tradition- 
al meridians was unimportant. However, if 
the effectiveness of therapy is due to coun- 
terstimulation, this, too, would be produced 
by the electrical stimulation of the needles 
in the arbitrary control points. 'Thus, it was 
impossible for us to separate a placebo ef- 
fect from this mechanism. 


ACKNOWLEDGMENT 


The authors thank Ms. Sherry Kamradt 
and Mr. Daniel Roberson for their assist- 
ance in retrieving the follow-up data. 


REFERENCES 


1. Lee PK, Andersen TW, Modell JH, et al: 
Treatment of chronic pain with acupuncture. JAMA 
232:1133-1135, 1975 


2. Barke MW: А retrospective study of acu- 
puncture. Am J Acupunc 2:88-93, 1974 


3. Kim DC, Yount RA: The effect of acupunc- 
ture on low back pain. Am J Chin Med 2:421-428, 
1974 


4. Lawrence RM: Acupuncture for the treatment 
of headache. A preliminary report. Am J Acupunc 
2:105-108, 1974 


5. Leung SJ: Acupuncture treatment of pain 
syndrome. Part I. Treatment of sciatica. Am J 
Chin Med 1:317-326, 1973 


6. Weiss SL: Management of low back pain 
syndromes with acupuncture. Am J Acupunc 2:180- 
184, 1974 


232 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 2, MARCH-APRIL, 1976 


Circulatory Changes in Patients with Coronary Artery Disease 
Following Thiamylal-Succinylcholine and Tracheal Intubation 
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Circulatory responses after thiamylal (4 mg/ 
kg) and succinylcholine (SCh) (2 mg/kg) ad- 
ministration followed by direct laryngoscopy 
and tracheal intubation were measured in 20 
patients before elective aortocoronary vein 
bypass graft operations. Compared with awake 
measurements, the mean arterial pressure 
(MAP) decreased 19+3 torr (mean + SE) 
and heart rate (HR) increased 9+3 bpm 1 
minute after thiamylal-SCh. MAP was in- 
creased 39 + 4 torr and HR 20+ 3 bpm above 
awake levels in response to laryngoscopy and 


A rem goal in anesthetic management 
of the patient with coronary artery 
disease is to minimize alterations in myo- 
cardial O, requirements and maintenance of 
coronary blood flow.! Barbiturate anesthetic 
induction may produce decreases in blood 
pressure that could impair myocardial О, 
delivery, while increased myocardial O, 
needs might result from increased blood 
pressure and heart rate (HR)? during direct 
laryngoscopy and tracheal intubation. If 
excessive or persistent, these circulatory 
changes could adversely alter the ratio of 
myocardial О„ delivery to consumption, 
especially in patients with stenotic coronary 
arteries. 


This study reports the duration and mag- 
nitude of circulatory changes after rapid IV 
thiamylal administration followed by suc- 
cinylcholine (SCh), direct laryngoscopy, 
and tracheal intubation in patients with 
coronary artery atherosclerosis. 
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tracheal intubation. Blood pressure and HR 
returned spontaneously to near awake levels 
without additional anesthesia within 5 minutes 
of anesthetic induction. Stroke volume index 
was decreased significantly after tracheal in- 
tubation but cardiac index was not altered. 
The authors conclude that thiamylal-SCh fol- 
lowed by tracheal intubation is an acceptable 
anesthetic induction sequence for patients with- 
out evidence of left ventricular heart failure 
who require anesthesia for elective coronary 
artery revascularization. 


METHODS 


Twenty adult patients (53 + 2 years, 78 
+ 3 kg, mean + SE) were studied in the 
supine position before elective aortocoronary 
vein bypass graft operations. No patient was 
included in the study if left ventricular heart 
failure was considered present. Average left 
ventricular end-diastolic pressures and car- 
diac indices (CI) at preoperative cardiac 
catheterization were 8.6 + 1.1 torr and 3.1 
+ 0.3 L/min/sq m, respectively. No patient 
had received propranolol for at least 24 
hours. Preanesthetic medication was with 
IM morphine (8 to 15 mg) and scopolamine 
(0.4 to 0.6 mg) about 60 minutes before 
arrival in the operating room. 


A radial artery and internal jugular vein 
were cannulated and pressures recorded 
continuously, as was lead 2 of the ECG. 
After administering 100%, О„ by face mask 
for 3 minutes, mean arterial pressure 
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(MAP), HR, and cardiac output (indocy- 
anine green dye and Beckman Cardiodensi- 
tometer) were measured. Stroke volume in- 
dex (SVI), systemic vascular resistance 
(SVR), and CI were calculated. d-Tubo- 
curarine (40 mcg/kg) was then adminis- 
tered IV, followed 3 minutes later by 4 
mg/kg of thiamylal and then by 2 mg/kg 
of SCh. АП drugs were injected rapidly into 
a forearm vein through a 5 cm Teflon cath- 
eter, followed by 5 ml of flush solution to 
insure entrance into the circulation. 


Ventilation was manually controlled via 
face mask within 15 seconds following thi- 
amylal-SCh. One minute after thiamylal- 
SCh administration, laryngoscopy with a 
straight laryngoscope blade was started and 
the trachea intubated with a cuffed (low- 
pressure) orotracheal tube. Just before tra- 
cheal intubation, 2 mg/kg of 4%, lidocaine 
was sprayed into the larynx and trachea by 
a Laryngotracheal Anesthesia Kit. Follow- 
ing intubation, ventilation was controlled 
with a volume ventilator delivering O, until 
5 minutes following the thiamylal-SCh. 
Cardiac output measurements were repeated 
3 minutes after anesthetic induction. Data 
were analyzed by Student's t-test, with 
p<0.05 considered significant. 


RESULTS 


Circulatory responses to anesthetic induc- 
tion, direct laryngoscopy and tracheal in- 
tubation are summarized in table 1. The 
maximum MAP decrease compared with the 
awake value was 27 + 5 torr, 43 + 3 seconds 
following thiamylal-SCh. MAP was not less 
than 60 torr in any patient. One minute 
after thiamylal-SCh administration, MAP 
was 19 + 3 torr less than the awake value 
and HR was increased 9 + 3 bpm. 
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Direct laryngoscopy for tracheal intuba- 
tion was started 1 minute after thiamylal- 
SCh administration and lasted 35 + 3 sec- 
onds. This stimulation was associated with 
a maximum MAP increase of 39 + 4 torr 5 
seconds after completion of laryngoscopy, 
and by 2 minutes after anesthetic induction, 
the MAP was decreasing. HR was increased 
20+3 bpm above awake levels after tracheal 
intubation. SVI was decreased (p<0.05) 
after anesthetic induction and tracheal in- 
tubation but CI was not significantly altered. 
MAP and HR decreased after tracheal in- 
tubation without additional anesthesia and 
5 minutes after thiamylal-SCh were not sig- 
nificantly different from awake values. ST- 
segment changes, suggestive of myocardial 
ischemia, were not observed on lead 2 of 
the ECG in any patient during the 5 min- 
utes after anesthetic induction. 


DISCUSSION 

Alterations in MAP and HR following 
thiamylal-SCh induction and tracheal in- 
tubation were transient. Therefore, the like- 
lihood of decreased O, delivery during re- 
duced perfusion pressure or elevated myo- 
cardial O, requirements due to increased 
MAP and HR in response to direct laryn- 
goscopy and tracheal intubation should be 
minimal. Indeed, ECG evidence of myo- 
cardial ischemia was not observed in any 
patient during this anesthetic induction se- 
quence. Nevertheless, a multiple lead ECG 
might have revealed ischemic changes that 
were not apparent from monitoring only 
lead 2. 


The magnitude of MAP and HR changes 
after thiamylal-SCh administration to pa- 
tients with coronary artery disease was sim- 
ilar to that in patients without known coro- 
nary artery disease but anesthetized in an 


TABLE 1 
Circulatory Responses to Anesthetic Induction and Tracheal 


Intubation in Patients with Coronary Artery Disease 
(mean = SE) 


Minutes after thiamylal-SCh (direct loryngoscopy 








Fr Р for tracheal intubation starting at 1 minute) 
Awake pretreatment _ One Two Three Five 
MAP, torr 111-4 109 + 4 922-4* 143 + 6* 130+ 5* 11525 
HR, bpm 70 + 3 72 + 3 79 + 3* 90 + 3* 83 + 3* 19 = 4 
СІ, L/min/sq m 2.9 + 0.2 2.5 + 0.2 
SVI, ml/beat/sq m 412 30 + 3* 
SVR, torr/L/min/sq m 38 + 2 52 + 3* 


pn a € nn — — M 


*p < 0.05. 
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TABLE 2 
Comparison of MAP and HR Measuremenis 
With or Without Coronary Artery Disease 
(mean = SE) 





Coronary 


artery disecse Normal? 
Awake MAP, torr 111:E4* oT 
Lowest MAP after 
thiamylal-SCh, torr 84+3 76 +4 
Magnitude of MAP 
decrease after thiamylal- 
SCh, torr 235 212-2 
Highest MAP in response 
to direct laryngoscopy and 
tracheal intubation, torr 150+6* 127--6 
Magnitude of MAP 
increase in response to 
direct laryngoscopy 
and tracheal intubation, 
torr 39 + 30+ 3 
Awake HR, bpm 70 + 3 75 + 5 
Magnitude of HR increase 
in response to direct 
laryngoscopy and tracheal 
intubation, bpm 20+ 2 24 + 8 





*p« 0.05. Coronary artery disease compared with 
normal. 


identical manner (table 2).? However, the 
awake MAP and maximum MAP achieved 
in response to direct laryngoscopy and tra- 
cheal intubation were significantly greater 
in patients with coronary artery disease. 


Impaired left ventricular contractility due 
to coronary artery disease and/or beta- 
adrenergic blockade from propranolol might 
influence the circulatory response to anes- 
thetic induction and subsequent tracheal in- 
tubation. Preoperative ventriculograms re- 
vealed areas of left ventricular dyskinesis in 
4 of our 20 patients. However, circulatory 
responses were similar to those seen in pa- 
tients without detectable areas of impaired 
left ventricular contractility, and the data 
were pooled for all 20 patients. 


With respect to beta-adrenergic blockade, 
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Prys-Roberts and coworkers* reported re- 
duced circulatory responses to anesthetic in- 
duction (thiopental or Althesin), laryngos- 
copy, and tracheal intubation in hyperten- 
sive patients receiving practolol. However, 
discontinuing propranolol 24 hours preoper- 
atively, combined with the brief plasma 
half-life of the drug,® makes it unlikely that 
beta-adrenergic blockade contributed to the 
circulatory responses observed in our pa- 
tients. 


We conclude that thiamylal-SCh anes- 
thetic induction followed by tracheal intuba- 
tion was not associated with persistent 
changes in MAP or HR in patients with 
coronary artery disease. Furthermore, the 
magnitude of these changes was similar to 
that previously demonstrated in patients 
without known coronary artery disease. 
Therefore, this would seem an acceptable 
anesthetic induction sequence for patients 
requiring anesthesia for elective coronary 
artery revascularization operations. It must 
be emphasized that circulatory responses 
could be different in hypovolemic patients 
or those with signs of left ventricular heart 
failure. 
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Failure to Induce Hepatic Pathology in Animals Sensitized 
to a Halothane Metabolite and Subsequently 
Challenged with Halothane 


J. G. REVES, MD* 
LINTON E. McCRACKEN, JR., MD} 


Bethesda, Maryland: 


The results of this animal study confirm the 
induction of delayed hypersensitivity to a halo- 
thane metabolite, but the sensitization does 
not cause hepatic damage on subsequent halo- 
thane exposures. Before the hypothesis that 


P OSTOPERATIVE liver dysfunction has been 
attributed to halogenated anesthetics in 
a small number of patients. It is postulated 
in certain susceptible individuals that the 
anesthetic, or one of its metabolites, acts as 
a hapten, causing a hypersensitivity reaction 
that ultimately destroys the liver.^? Other 
theories that could explain hepatic destruc- 
tion have been recently reviewed,* but hy- 
persensitivity has been the most widely ac- 
cepted, primarily because of the apparent 
exacerbation of two cases of hepatitis in 
anesthesiologists challenged with halo- 
thane.5.6 


Те halogenated anesthetics are small and 


*Staff Anesthesiologist. 
iResearch Fellow. 


hepatic necrosis following halothane has an 
immunologic basis can be accepted or rejected, 
more critical studies with different approaches 
must be made. 


essentially unreactive compounds. 'The mo- 
lecular weight of halothane, 197, is consid- 
erably less than the smallest immunogenic 
synthetic molecules, which average 4000 
to 5000.* Therefore, if there is an immuno- 
logic basis for halogenated-anesthetic-in- 
duced hepatic pathology, it is most likely 
the result of the formation of a metabolite 
that acts as a hapten and combines with 
autologous protein to form an immunogenic 
hapten carrier complex. It is unlikely that 
the inert halcthane molecule can itself form 
a hapten carrier complex. 


Trifluoroacetic acid (ТЕА) is a metabo- 
lite of three halogenated anesthetic agents: 
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halothane,’ fluroxene,? and isoflurane.!? Un- 
like the parent compounds, the products of 
biotransformation are concentrated in the 
liver, are chemically reactive, and are ca- 
pable of forming hapten carrier complexes 
that could initiate hypersensitivity reactions 
in the liver. Mathieu's group has demon- 
strated delayed!!.!? and humoral!? responses 
to trifluoroacetylated autologous serum pro- 
tein in guinea pigs. 


Although hypersensitivity can be induced 
to trifluoroacetylated albumin, it does not 
mean that this hapten carrier complex is 
responsible for liver injury following use 
of the parent compounds. Many diverse 
compounds complexed to carrier proteins 
will induce delayed hypersensitivity. The 
purpose of the experiments reported here 
was to induce hypersensitivity to trifluoro- 
acetylated homologous serum protein, chal- 
lenge immunized animals with halothane, 
and correlate hepatic pathology with the 
degree of hypersensitivity. Inherent in the 
study is the question whether the biotrans- 
formation product, TFA, complexed to ho- 
mologous serum protein, is an appropriate 
antigenic structure to create experimental 
liver necrosis. 


METHODS 
Animals.—Twenty-four NMRI(H)* and 
53 Dunkin Hartleyt guinea pigs of both 
sexes weighing 350 to 550 gm, fed commer- 
cial guinea pig diet and given water con- 
taining 2 mg/ml ascorbic acid, were used. 


Preparation of Antigens.—Trifluoroacetate 
was conjugated to guinea pig albumin 
(GPA) and to human serum albumin (HA) 
by the method of Goldberger and Anfinsen.14 
Primary reagents were ethyl thioltrifluoro- 
acetate (Pierce Chemical Company, Rock- 
ford, Illinois) and human and guinea pig 
serum albumin (Sigma Company, St. Louis, 
Missouri). 


Samples of the lyophilized trifluoroace- 
tylated protein complexes were sent for 
fluorine analysis to Schwarzkopf Microan- 
alytical Laboratories, Woodside, New York, 
and revealed a fluorine content of 4.27% 
(TFA-GPA) and 4.1% (TFA-HA). The 
calculated molar ratios were 163 moles fluo- 
rine/mole human albumin and 166 moles 
fluorine/mole guinea pig albumin. 


Immunization.—The guinea pigs were di- 
vided into three groups. One group received 
'TFA-GPA in doses of 25 to 200 mgm, parti- 


*Naval Medical Research Institute Hartley Strain. 
1Perfection breeders. 
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ally dissolved in physiologic saline solution 
and then emulsified in complete Freund's 
adjuvant (CFA) (Difco Laboratory, De- 
troit, Michigan) which contained 1 mg 
Mycobacterium butyricum per ml of oil. 
The second group received complete Freund's 
adjuvant, and the total immunizing dose 
was divided into four 0.1-ml aliquots, which 
were injected subcutaneously into each foot- 
pad. The third group received similar vol- 
umes of saline solution and served as an 
immunization control. 


Skin Tests.—' Three weeks after immuniza- 
tion, the flanks were shaved and intradermal 
injections of antigens administered in 0.1 
ml solution of physiologic saline. The anti- 
gens tested were: saline, as a nonreactive 
control; GPA (10 »gm) and HA (10 ирт), 
as albumin controls; tuberculin purified pro- 
tein (PPD) (0.1 ирт) to show delayed 
hypersensitivity response to the CFA; TFA- 
НА (10 рат) to test for carrier specificity; 
and TFA-GPA (10 »gm)—the immunizing 
compound. 


Reactions were observed at 2, 4, 6, 24, 
and 48 hours and were recorded as either 
immediate or delayed. Immediate skin re- 
actions were graded at 2, 4, and 6 hours 
after skin testing based on the following 
scale: 


1—slight edema 
2—severe hemorrhage 


3—severe edema with necrosis and hemor- 
rhage 
4—marked hemorrhage and necrosis 


Delayed skin reactions were graded accord- 
ing to the diameter of erythema and indura- 
tion at 24 and 48 hours after skin testing. 
Biopsies of the cutaneous reactions were 
made in three animals 48 hours after test- 
ing. The tissue was fixed in 10% formalin 
buffer and later stained with hematoxylin- 
eosin (H & E) for microscopic examination. 


Halothane Challenge.—Each major group 
was divided into two subgroups, H and O. 
Subgroup О was exposed to 100% O, and H 
was exposed to 1% halothane in О,. The 
halothane was delivered by a calibrated 
Fluotec® Mark 2 vaporizer with a 4 L/min 
О, inflow for a period of 2 hours, 3 days 
after skin testing. The gases were delivered 
into a 9600 ml clear-plastic box containing 
two or three guinea pigs. In a series of sub- 
sequent experiments, this technic was found 
to lightly anesthetize the animals but not 
significantly depress respiration, although * 
hypotension results.15 
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' Liver Study.—The animals were sacri- 
ficed five days after halothane exposure. 
They were stunned by a blow to the head 
and exsanguinated by cardiac puncture. The 
liver was examined grossly for any abnor- 
malities, and representative, 5-mm slices 
from each lobe were placed in 1097 formalin 
buffer. The fixed tissue was then sectioned 
and stained with Н & E for microscopic 
examination and the degree of fatty change 
and necrosis scored in the following man- 
ner: 


І. Hepatic Necrosis.—The number of foci 
of hepatic necrosis were counted on 10 dif- 
ferent 40x magnification fields. The fields 
from each slide were systematically scanned, 
во that no field was counted more than once. 
The mean number of foci of necrosis per 
field was calculated after examining at least 
three different liver sections from various 
hepatic sites. 


2. Fatty Changes.—Fatty changes were 
scored on a scale of 0 to 4: 


0—Less than 20% of all cell cytoplasm 
contained less than 25%, fat. 


1—20 to 40% of all cell cytoplasm con- 
tained less than 25%, fat. 


2—40 to 60% of all cell cytoplasm con- 
tained 25 to 50% fat. 


3—60 to 80%, of all cell cytoplasm con- 
tained 50 to 75%, fat. 


4— Over 80% of all cell cytoplasm con- 
tained over 75%, fat. 


All slides were coded so that the observer 
was unaware of the animal's grouping and 
treatment. 


Statistical Analysis. —Mean, standard de- 
viation, and standard error were calculated 
on all observations. Mean skin-test scores 
were compared by analysis of variance. Fat- 
ty change and hepatic necrosis between 
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groups was compared by unpaired t-test. 
Differences between means were considered 
significant if the calculated p value was 0.05 
or less. 


RESULTS 

Skin Tests.—The results of cutaneous an- 
tigen testing at 2, 4, and 6 hours revealed 
no positive skin reactions to saline, GPA, 
and HA in all groups. There were occasion- 
al positive reactions resulting in erythema 
and edema in some animals in all groups in 
response to PPD, TFA-HA, and TFA-GPA. 
The responses were not significantly differ- 
ent at the 5% confidence level among groups. 
Responses at 24 hours are shown in table 1. 
The number of positive responses to TFA- 
GPA were significantly (p<0.05) greater 
in group I than groups II and III. 


Figure 1 demonstrates a typical cutane- 
ous response to TFA-GPA at 24 hours in 
a group-I animal. Of importance is the high- 
ly significant (p<0.0005) difference in re- 
sponse of group I to TFA-GPA (23/48) 
compared to TFA-HA (1/39), a manifes- 
tation of carrier specificity. The positive 
skin reactions to PPD were significantly 
greater in groups I and II than in group III, 
which was not immunized with complete 
Freund’s adjuvant. Responses at 48 hours 
were similar to those at 24 hours, but only 
responses to TFA-GPA and PPD were sig- 
nificantly greater than other antigens in 
group I as compared with group III. The 
degree of response to all antigens at 48 
hours was less than at 24 hours. 


Liver Studies.—There were no differences 
in degree of fatty metamorphosis among 
groups or within subgroups exposed to halo- 
thane and not exposed to halothane. Table 
2 shows results of fatty change scores in all 
groups. Small foci of hepatic necrosis were 
found in many animals, and figure 2 shows 








TABLE 1 
Number of Positive Cutaneous Reactions 24 Hours After Testing 
Antigen Saline GPA HA TFA-GPA TFA-HA PPD 
Group I 0/48 10/48 0/47 23/48 1/39 35/48 
(1 not tested) (9 not tested) 
Group II 0/11 0/11 0/11 0/11 0/11 4/11 
Group III 0/6 0/6 0/6 0/6 0/6 0/6 


—— É————À— 
Responses greater than 5 mm of erythema and induration are positive. HA — human albumin; 
TFA-GPA = trifluoroacetylated guinea pig albumin; TFA-HA = trifluoroacetylated human 
albumin. Group I immunized with trifluoroacetylated guinea pig albumin (TFA-GPA) in com- 
plete Freund's adjuvant (CFA). Group II immunized with CFA. Group III no immunization. 
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Fic 1. Histologic section showing cutaneous reaction from a guinea pig immunized with 100 иет tri- 
fluoroacetylated guinea pig albumin (TFA-GPA) and tested 3 weeks later with the same complex in 
saline. The predominant cellular infiltrate is mononuclear and edema is seen in the connective tissue. Н & E 
x 900. 








TABLE 2 
Scores* of Fatty Changes (2- SE) in Guinea Pig Livers 
Exposure Group | Group 11 Group 111 
Halothane 0.98 + 0.22 0.58 + 0.33 ЛЮ 
(28) (6) (6) 
Oxygen 1.12 + 0.34 0.60 + 0.40 1.83 + 0.63 
(13) (5) (6) 


LL 


*Scored 0-4 in increasing severity (see text). Group I immunized with trifluoroacetylated guinea pig 
albumin (TFA-GPA) in complete Freund’s adjuvant (CFA). Group II immunized with CFA. Group III 


no immunization. Parentheses indicate number of animals in each group. 


a representative lesion. Results of the mean 
number of such foci per 40x microscopic 
field are presented in table 3 for each group. 
The foci of necrosis were midzonal and re- 
sembled granulomatous areas. 


The number of foci was not statistically 
different among groups or within groups be- 
tween the halothane-challenged animals and 
the O, controls. There was no discernible 
difference in type or location of the foci of 
necrosis in all groups. No areas of massive 
acute hemorrhagic or coagulative necrosis 
were observed, nor were mononuclear cellu- 
lar infiltrates present. 


To correlate the degree of delayed hyper- 
sensitivity to incidence of focal hepatic ne- 
crosis in group I, the 24-hour skin test re- 
sponses were plotted for each animal with 
its number of hepatic necrosis foci (fig 3). 
Using least-square fit analysis, the slopes of 


group 1-O and group 1-H did not differ 
from 0 or from each other at the 5% signifi- 
cance level. Therefore, there is no correla- 
tion between the degree of skin reaction and 
number of necrotic foci. 


DISCUSSION 


Halothane-induced liver injury has been 
attributed to a hypersensitivity reaction in- 
volving autoimmune hepatic destruction. 
The evidence for this thesis is unconvincing, 
being based primarily on clinical observa- 
tions of nonspecific criteria of immune re- 
actions such as fever, rashes, arthralgia, 
eosinophilia, and an increased incidence of 
necrosis on repeat exposure to halothane. 
The most cogent arguments supporting a 
hypersensitivity process are the two cases 
of recurring hepatitis in anesthesiologists 
that followed provocative challenges.5.9 The 
history in one of these cases is consistent 
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Fic 2. Histologic midzonal section of liver from a guinea pig immunized with 100 “gm trifluoroacetylated 
guinea pig albumin exposed to 1% halothane/O, after 23 days. In the center of normal liver parenchyma 
is a small focus of coagulation necrosis, distinguished by pyknotic nuclei and homogenous cytoplasm. This 
lesion is typical of those found in many animals of all groups. H&E x 400. 





TABLE 3 
Mean Number* (+ SE) of Foci of Hepatic Necrosis in Guinea Pig Livers 
e aaas 
Exposure Group | Group 11 Group 111 
Halothane 1.28 + 0.81 0.15 + 0.10 1.85 + 0.48 
(28) (6) (6) 
Oxygen 0.91 + 0.24 0.94 + 0.61 0.57 + 0.37 
(13) (5) (6) 


а 
*Number of foci of necrosis observed in 40x microscope field. Group І immunized with trifluoroacetylated 
guinea pig albumin (TFA-GPA) in complete Freund's adjuvant (CFA). Group II immunized to CFA. 
Group III no immunization. Parentheses indicate number of animals in each group. 


with recurrent hepatitis, and has been chal- 
lenged for this reason.!9 


Although initial reports employing in- 
vitro lymphocyte stimulation!’ and leuko- 
cyte migration methods!’ to detect patients 
with halothane hepatitis seemed to support 
a delayed hypersensitivity foundation for 
the disease, these could not be repro- 
duced.19.29 The test antigens were halothane 
or sonicated halothane in serum, and as pre- 
viously discussed, it is doubtful that this is 
the appropriate antigen. There have been 
no well-documented clinical studies demon- 
strating an immunologic basis as a mecha- 
nism for halothane hepatitis. 


Since the halothane molecule itself is an 
unlikely antigen, investigators have postu- 
lated that the reactive metabolite, ТЕА, 
may complex with autologous protein to 
form a hapten carrier complex. Experiments 
have demonstrated that trifluoroacetylated 
autologous protein can induce hypersensi- 
tivity reaction in laboratory animals. Both 
delayed hypersensitivity mediated by the 
thymus-lymphocyte (T-cell) 11:12 and imme- 
diate reaction involving specific antibody 
formation!? have been induced against this 
hapten carrier complex. The fact that hyper- 
sensitivity to a drug metabolite complexed 
to protein can be induced does not mean 
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SKIN REACTION TO TFA-GPA 


Fic 3. Relation between incidence of foci of necrosis and diameter of skin reaction in guinea pigs im- 
munized with trifluoroacetylated guinea pig albumin. Data from animals exposed to 1% halothane are 
plotted as closed circles; points from animals exposed to 100% О» are shown as open circles. 'The solid 
line and dashed line represent the least-square fit of the data derived from halothane-challenged and from 
O.-challenged animals, respectively. The slopes of the two groups do not differ significantly from zero or 


each other. 


that this hapten carrier complex causes au- 
toimmune liver destruction. 


The data are consistent with those of 
Mathieu's groups in demonstrating that a 
delayed hypersensitivity can be induced to 
'TFA-GPA.1.1? The skin tests show delayed 
hypersensitivity mediated responses to the 
antigen. This interpretation is based on the 
facts that the peak response occurred at 24 
hours and that the cellular infiltrate in the 
biopsied lesions were primarily mononu- 
clear. Also, in support of a delayed response, 
is the fact that the positive skin test re- 
sponses were carrier specific, ie, the hapten, 
ТЕА, complexed to the autologous carrier 
protein, GPA, did evoke positive responses, 
but the same hapten, TFA, complexed to 
another carrier, heterologous HA, did not 
cause positive responses in animals sensi- 
tized to TFA-GPA. 


'The second part of the present study ad- 
dressed the question of hepatic pathology 
following halothane challenge in animals 
sensitized to TFA. The data indicate that 
there is no difference in the number of foci 
of necrosis found in all groups, whether sen- 
sitized to TFA or not. Further, on correlat- 
ing the degree of delayed hypersensitivity 
demonstrated by skin test with the incidence 
of necrosis in the halothane-challenged ani- 


mals and control О,-ехроѕеі animals of 
group I, there was no positive correlation 
and no difference between groups I-H and 
I-O. Thus it is concluded that sensitization 
to TFA-GPA followed by halothane chal- 
lenge does not cause increased hepatic ne- 
crosis in the guinea pig. 


The presence of foci of hepatic necrosis 
in all groups (experimental—group I, and 
controls—groups II and III), as well as the 
type, degree, and location of necrosis, was 
similar among all groups. The cause of these 
lesions is unknown, but the granulomatous 
nature suggests a subclinical infectious pro- 
cess. Spontaneous lesions in guinea-pig 
colonies have been reported following infec- 
tious processes.?! Incidence of hepatic fatty 
changes did not differ among groups or with- 
in subgroups. This finding is somewhat at 
variance with a previous report in which 
fatty changes were increased in halothane- 
treated animals compared to О, controls.?? 
It is impossible to explain this discrepancy, 
but it should be noted that the present 
study contains more animals, and the dif- 
ferences between groups in the former study 
are small. 


It would appear from the data that sen- 
sitization to a halothane metabolite with 
subsequent halothane challenge does not 
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cause hepatic injury. These findings are 
similar to those reported by Mathieu and 
coworkers,?? who sensitized animals to TFA- 
GPA and. demonstrated antibodies (imme- 
diate hypersensitivity) against the antigen, 
but failed to induce increased hepatic pa- 
thology after halothane challenge to the ani- 
mals. 


It is important to comment on several 
considerations about the present experi- 
mental model. The guinea pig was chosen 
because of the report that it was a suitable 
model for experimental halothane hepati- 
tis?* and the previous immunologic work in 
this animal.!!3? The finding of hepatic le- 
sions in control animals, and the question 
of whether the guinea pig significantly dif- 
fers in metabolic or immunologic responses 
from the human, are valid. The halothane 
dosage and duration are open to criticism 
because of the uncertainty of the effects of 
induced hypotension on the liver;!°:1° how- 
ever, similar liver pathology was found in 
O, controls, suggesting that decreased per- 
fusion pressure was not responsible for the 
lesions encountered. 


Trifluoroacetic acid is not the sole me- 
tabolite of halothane; therefore, other com- 
pounds closely related could be the hapten. 
A reactive intermediary compound, triflu- 
oroacetaldehyde, as recently demonstrated 
by Van Dyke and Gandolfi to be bound to 
liver lipoprotein after halothane exposure, 
is one such compound.?? Trifluoroacetic acid 
is a reactive compound and, being by far 
the largest metabolic product of halothane, 
would appear the most appropriate to use. 
However, it is possible that subtle chemical 
changes among halothane metabolites could 
alter the immunologic significance of the 
compounds by alterations in stoichiometric 
configuration. 


A final comment on the present model is 
the selection of the carrier protein, homolo- 
gous guinea pig albumin. An alternative 
carrier protein is autologous liver lipopro- 
tein. Liver lipoprotein normally complexes 
fatty acids produced in the liver.?° Two well 
characterized proteins?! from cytoplastic 
fractions of liver have exhibited liver-specific 
antigenicity. A membrane lipoprotein has 
been found to inhibit normal migration of 
leukocytes from patients with autoimmune 
liver disease (active chronic hepatitis and 
primary biliary cirrhosis).?? It is conceiv- 
able that TFA or another hapten complexed 
to this liver-specific lipoprotein might form 
a hapten carrier complex that constitutes a 
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basis for halothane-induced hypersensitivity 
and hepatic necrosis. 
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FLUROXENE TOXICITY Repeated exposures to fluroxene result in high mortality 
in all animals species studied to date. Man metabolizes fluroxene differently and 
toxicity after fluroxene is rare but when it does occur may be associated with a history 
of drug ingestion capable of producing enzyme induction. The influence of pheno- 
barbital pretreatment on fluroxene toxicity was studied in monkeys since these animals 
resemble man in biotransformation of xenobiotics. Unlike other animals species, 
monkeys survived repeated exposures to fluroxene without overt organ toxicity. In 
contrast, all animals treated with phenobarbital died during fluroxene anesthesia 
manifesting arterial hypotension and pulmonary edema. It was speculated that 
phenobarbital increased production of fluroxene metabolites, including the highly toxic 
trifluoroethanol. The monkey may serve as an animal model to evaluate drug toxicity 
with and without enzyme induction prior to use in man. (Munson ES, Malagodi MH, 
Shields RP et al: Fluroxene toxicity induced by phenobarbital. Clin Pharm Ther 18: 
687-699, 1975) 
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The safe conduct of anesthesia demands care- 
ful evaluation of the previous experience of 
patients under anesthesia and surgical opera- 
tion, as well as that of their families. Untoward 
responses that may recur with subsequent an- 
esthetic procedures should be documented and 
patients informed, as the need dictates. Two 


T= safe anesthetic management of pa- 

tients depends on the orderly logic of 
the anesthesiologist as he sorts and analyzes 
data input from the unconscious patient. It 
would thus seem incumbent upon the anes- 
thesiologist to study patients carefully when 
they exhibit unusual responses to the usual 
conduct of anesthesia. 


Prolonged apnea associated with IV drip 
succinylcholine during operation was report- 
ed during the early clinical trials with this 
drug. While. the catabolism of succinylcho- 
line was linked to the enzyme plasma cho- 
linesterase (pseudocholinesterase), other 
factors have been implicated in a casual 
relationship to prolonged apnea. It was also 
noted on occasion that patients experienced 
significant periods of apnea after receiving 
a single intubating dose of succinylcholine. 


Within the past year, 2 cases of prolonged 
apnea following single intubating doses of 


cases of prolonged apnea following single in- 
tubating doses of succinylcholine could not 
have been predicted by the patient's preanes- 
thetic history. As a result of these problems, 
the authors recommend more careful preanes- 
thetic history-taking with reference to patients' 
prior anesthetic experiences. 


succinylcholine have occurred in one of our 
hospitals. In each instance, there was no 
preoperative clue to forewarn us. 


CASE PRESENTATIONS 


Case 1.—The patient was a 214-year-old 
boy weighing 10 kg, admitted for tonsillec- 
tomy, adenoidectomy, myringotomy, and 
bilateral tubal implants. Preoperative phy- 
sical examination revealed enlarged tonsils 
and bilateral otitis media but was otherwise 
noncontributory. The preoperative history 
as set forth on the chart also was noncontrib- 
utory except to verify otitis media. No par- 
ent was available for further questioning 
during preanesthesia rounds. 


Premedication consisted of 40 mg of pen- 
tobarbital and 0.2 mg of atropine IM ap- 
proximately 1 hour before scheduled opera- 
tion. The patient arrived in the operating 
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room with a pulse of 140/min, calm and 
afebrile. 


Anesthesia was induced with halothane- 
N.,O-O,, 8 L/min, by face mask in a non- 
rebreathing system. Induction was smooth 
and 20 mg of succinylcholine was adminis- 
tered IM approximately 8 minutes after in- 
duction. Intubation was easily accomplish- 
ed, ventilation was controlled, and the oper- 
ation began. 


During the 20-minute surgical procedure, 
vital signs were stable, but the patient re- 
mained apneic. Pupils were in midposition 
and reacted to light. Electrical stimulation 
of the ulnar nerve produced a minimal 
twitch response with no tetanus and no post- 
tetanic facilitation; a depolarizing block was 
apparently still in effect. Blood was drawn 
for plasma _ pseudocholinesterase studies. 
Respiration was still controlled and the en- 
dotracheal tube was in place. 


'The first spontaneous respiratory efforts 
were observed 3 hours from the time of suc- 
cinylcholine injection. Another hour passed 
before tidal volume reached 100 ml, at which 
time electrical stimulation of the ulnar nerve 
resulted in an improved twitch response and 
tetanic response with no posttetanic facili- 
tation. The patient was extubated and dis- 
charged to the pediatric floor. 


The likelihood of an atypical pseudocho- 
linesterase syndrome was explained to the 
patient's father, who only then related the 
following information to us. He had under- 
gone an operation approximately 5 years be- 
fore and was told that he “took a long time 
in waking up." Furthermore, the father's 
mother had a similar experience over 10 
years before and consequently was now re- 
fusing to undergo biliary surgery out of 
fear from her prior experience. We could 
not obtain further information regarding the 
patient's father or paternal grandmother. 


Laboratory results received after the pa- 
tient’s discharge revealed a plasma ben- 
zoylcholine rate of 18.8 ymol/hr/ml and a 
dibucaine number of 21.3 (table), showing 
the patient to be positive for homozygous 
atypical pseudocholinesterase. The family, 
family physician, and surgeon were so noti- 
fied by mail and family testing recom- 
mended. They were advised to notify any 
physician, surgeon, and anesthesiologist in 
the future of our findings. The family was 
also advised orally against exposure to in- 
secticides; this was confirmed in writing to 
include other cholinesterase inhibitors. 
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TABLE 


Table of Standards* 


(umol/hr/ml plasma at 30° C) 
SEE AAAA 


Dibucaine numbers Mean 
Homozygous normal 79 (74-84) 
Heterozygous atypical 62 (49-70) 
Homozygous atypical 19 (9-27) 

Benzoylcholine rates 
Homozygous normal 66 (18-111) 
Heterozygous atypical 52 (7-73) 
Homozygous atypical 27 (9-48) 


*Values from the Anesthesiology Research Labora- 
tory, Montefiore Hospital and Medical Center, 
Bronx, New York. 


Case 2.—'The patient was a 52-year-old 
man weighing 79.9 kg, admitted for repair 
of a left inguinal hernia. Preoperative physi- 
cal findings were within normal limits ex- 
cept for his presenting complaint and a right 
inguinal scar. An ECG was within normal 
limits. Chest x-ray revealed increased inter- 
stitial marking consistent with old granu- 
lomatous disease. Past history revealed only 
that he had undergone a right inguinal her- 
niorrhaphy about 12 years before. 


Premedication consisted of 50 mg of me- 
peridine and 0.4 mg of atropine, IM, approx- 
imately 114 hours before induction of anes- 
thesia. The patient arrived in the operating 
room calm and awake, with vital signs 
intact. 


Anesthesia was induced with thiopental 
slowly IV in a 2.5% solution; total dose 300 
mg. The patient was oxygenated and 100 
mg of succinylcholine administered IV to 
facilitate intubation, which was accomplish- 
ed without difficulty. Anesthesia was main- 
tained by halothane-N.O-O, in a semiclosed 
system. 


Intraoperative ventilation was controlled 
during a 1-hour procedure; no additional re- 
laxant was required. Patient remained ap- 
neic for 30 minutes after operation, during 
which time ventilation was still manually 
controlled. He began to strain against the 
endotracheal tube, which was then removed 
to prevent disruption of the hernia repair. 
His shallow respiratory efforts were easily 
assisted via face mask, oral airway, and 
room air. 


The patient was now fully alert but com- 
plained of difficulty in spontaneous breath- 
ing. His hand grip was noted to be weak 
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and he was unable to raise his head. Blood- 
gas analysis revealed the following: Рао» 
98, Paco, 46, HCO; 24, and pH 7.34. An 
additional blood sample was drawn for 
pseudocholinesterase study. 


The patient's subsequent course was un- 
eventful. Prior to discharge on the 6th post- 
operative day, he recalled “spending a long 
time" in the recovery room following his 
previous operation of 12 years before. He 
was then informed of our suspicions and the 
situation was explained to him, with in- 
structions to await a final written report. 


Laboratory findings revealed a plasma 
benzoylcholine rate of 27.1 y mol/hr/ml and 
a dibucaine number of 24.9 (table). He was 
positive for homozygous atypical pseudocho- 
linesterase. As in the previously described 
case, the significance of these findings was 
reported to the patient by mail, family test 
was urged, and others concerned were noti- 
fied. 


DISCUSSION 

Prolonged apnea following IV drip suc- 
cinylcholine for surgical relaxation was ob- 
served and studied by early investigators.1:* 
While the role of plasma pseudocholines- 
terase in the catabolism of succinylcholine 
was recognized, early investigators were in- 
trigued by the association of bowel surgery 
and prolonged apnea. 


Borders and coworkers? took a broader 
approach to the problem, and in 1955 car- 
ried out a well-planned study which deter- 
mined a multiplicity of events that could 
contribute to prolonged apnea following IV- 
drip succinylcholine. Recognizing the degra- 
dation of succinylcholine by plasma pseudo- 
cholinesterase to be a key factor, these in- 
vestigators studied a series of hospitalized 
surgical patients and nonhospitalized indi- 
viduals; there was no significant difference 
in their plasma enzyme levels. 'They identi- 
fied other events leading to prolonged apnea 
as controlled ventilation (relative hyperven- 
tilation) ; concomitant use of cyclopropane, 
which in itself depresses the respiratory cen- 
ters; and too heavy reliance on muscle relax- 
ant; thus overwhelming the myoneural junc- 
tion. 


One year later, Foldes and associates* 
noted that low pseudocholinesterase levels, 
as found in patients with liver disease, did 
not usually cause prolonged apnea. They 
postulated that such apnea resulted from 
' change in the nature of the neuromuscular 
block *from a depolarizing to a nondepolar- 
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izing" action, which could then be termi- 
nated by neostigmine. 


Prolonged apnea following single intubat- 
ing doses of succinylcholine was still not 
adequately explained, however, until Kalow® 
shed light on the subject with data on the 
presence of abnormal (atypical) plasma 
pseudocholinesterase as a genetic variant. 


In the patient with the genetic variant of 
plasma pseudocholinesterase, a single bolus 
of succinylcholine is only partially hydro- 
lyzed in the blood stream, so that a relative- 
ly large percentage of the administered dose 
overwhelms the myoneural junction. As a 
consequence, the removal of succinylcholine 
by diffusion away from the myoneural junc- 
tion is prolonged. The result is a persistent 
apnea well beyond the usual 2 to 4 minutes 
in the patient with typical (normal) pseu- 
docholinesterase enzyme. 


This situation is not analogous to that in 
which the block is thought to shift from 
“depolarizing” to “nondepolarizing.” These 
patients are unusually sensitive to anticho- 
linesterase agents; hence, early use of neo- 
stigmine would in fact accentuate the block. 
Indeed, our first case revealed no shift in 
type of block when tested electronically, 
and the use of neostigmine would only have 
prolonged his problem. 


Kalow noted that the abnormal or atypi- 
cal pseudocholinesterase could be distin- 
guished from the normal enzyme by com- 
paring the degree of inhibition of dibucaine 
under controlled conditions. Typical (or 
normal) pseudocholinesterase activity is in- 
hibited approximately 80% by dibucaine; 
atypical (or abnormal) pseudocholinester- 
ase is inhibited approximately 20% by 
dibucaine, while some patient samples fall 
between the two extremes. 


For more detailed understanding of the 
additional genetic variations and the diag- 
nostic technics for identifying these vari- 
ants, the reader is referred to the reports of 
Harris,^* Neitlick,’ Prince? and Kalow.!? 


Of clinical importance is the diminished 
catabolism of other cholinesterase inhibitors 
experienced by patients with homozygous 
atypical pseudocholinesterase. They are at 
great risk from many organic insecticides as 
well as from procaine, physostigmine, eco- 
thiopate iodide (eye drops),!! hexametho- 
nium fluoride, diisopropyl flurophosphate, 
and related compounds. 


The point has been raised that since alka- 
line hydrolysis is an alternative route in 
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the degradation of succinylcholine, the ad- 
ministration of bicarbonate should be of 
value in terminating prolonged apnea. Since 
the problem is relegated primarily to the 
succinylcholine at the myoneural junction, 
the amount of IV bicarbonate required 
would probably have to be extremely large, 
creating additional problems for the patient. 
Kalow!? points out that less than 5% /hr 
of succinylcholine present will be deacti- 
vated by alkaline hydrolysis. He writes: 


"Interest in the subject has been initiated 
by the special medical and legal problems 
that arise when a hereditary defect causes 
a patient to be harmed by a conventional 
application of a conventional drug." 


It would appear incumbent оп anesthesi- 
ologists to document carefully all cases of 
prolonged apnea following single intubating 
doses of succinylcholine, to rule out the in- 
herited metabolic defect. Only then can pa- 
tients receive intelligent instructions re- 
garding future operations and anesthesia. 
Fortunately, anesthesiologists have alterna- 
tive drugs (nondepolarizers) and technics, 
so that succinylcholine can be avoided where 
circumstances require. 
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NEW SMOKING MATERIAL The acute effects on airway function from smoking 
1 cigarette made with either a tobacco substitute (cellulose base), 30% substitute/70% 
tobacco or conventional tobacco was determined in healthy nonsmokers and smokers. 
None of the three cigarettes produced changes in tests of small airway function. Con- 
striction of large airways, as reflected by airway conductance, was produced by the 
conventional and 30/70 cigarette but not the substitute. The absence of large airway 
constriction probably results from the lower concentrations of particulate matter in 
the smoke of the substitute cigarette. Nevertheless, the 30/70 cigarette, which is 
the proportion likely to be used commercially, was not distinguishable from a tobacco 
cigarette. (Costello JF, Douglas NJ, Sudlow MF et al: Acute effects of smoking tobacco 
and a tobacco substitute on lung function in man. Lancet 2 :678-680, 1975) 
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Anesthetic Considerations in Patients with Gas Gangrene 


MICHAEL J. LAFLIN, LT* 
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Anesthesia for a patient with gas gangrene 
presents a challenge for the anesthesiologist, 
since it is an uncommon disease requiring 
emergency treatment. The authors, faced with 
such a challenge and finding little guidance in 
the literature, have proposed modalities of an- 
esthetic management based on pathophysiol- 


(Corm myonecrosis, commonly re- 
ferred to as gas gangrene, is a serious 
anaerobic infection. Fortunately, cases occur 
infrequently, but this may cause unsuspect- 
ing physicians to miss the early signs of the 
disease. Untreated, gas gangrene is uni- 
formly fatal,? and even prompt and appro- 
priate treatment does not insure survival. 
Debridement is necessary in most cases and 
anesthesia is almost always required during 
this portion of the therapy. 


Recently, we were presented with the 
challenge of administering anesthesia to a 
severely ill patient with gas gangrene and 
failed to find any guidance in the literature 
to help us in our choice and management of 
anesthesia.) This prompted us to review 
the disease process in relation to anesthetic 
considerations. 


DISCUSSION 


In order to manage patients with serious 
physiologic derangements produced by an 
infecting organism, it is best to be aware of 
the disease process and, particularly, its 


ogy, symptomatology, and the reported experi- 
ence of others. In addition to choice of anes- 
thetic agents, problems reviewed include shock, 
hypovolemia, tachycardia, fever, anemia, renal 
dysfunction, pulmonary insufficiency, and con- 
tamination. Factors relating to anesthesia dur- 
ing hyperbaric-O- therapy are also reviewed. 


alterations of organ systems affected during 
the course of anesthesia. 


Incidence and Mortality.—Although most 
cases of gas gangrene occur in war casual- 
ties, it can follow the trauma of both acci- 
dents and surgery. The overall incidence of 
the disease is unknown. However, in the 
metropolitan area of Denver, Colorado ( pop- 
ulation, 1.4 million), for example, there are 
3 to 5 cases per year.’ 


Overall mortality with different modali- 
ties of treatment ranges from 6.7 to 23%.*° 
When the infection occurs following surgical 
procedures, the mortality rate is 33 to 45%, 
whereas in the case of accidental trauma, it 
is 10 to 1292.19.11 This difference has been 
attributed to the higher index of suspicion 
in cases of accident compared to hospital- 
acquired infections. 


Types of Infection.—Clostridial infection 
in man presents a wide spectrum of severity. 
MacLennan,? on the basis of his experience 
in World War II, has differentiated 3 types 
of infection on clinical grounds: simple con- 
tamination; anaerobic cellulitis; and anae- 
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robic myositis (clostridial myonecrosis or 
gas gangrene); of these, only gas gangrene 
is fatal. 


PATHOPHYSIOLOGY 
Organisms. — Six Clostridia species are 
capable of producing gas gangrene in man; 
C perfringens (also known as “Welch’s ba- 
cillus") is the most common causative or- 
ganism.! 


Conditions for Infection.—Clostridia are 
found throughout nature and are protected 
from the lethal effects of ambient O, by 
spore formation. 'The spores are resistant to 
most methods of antisepsis but povidone- 
iodine compresses have been effective in re- 
ducing the numbers of skin contaminants.!? 
Once Clostridia have been introduced into 
previously healthy tissue, specific altera- 
tions in the environment leading to a low- 
ered oxidation-reduction potential must take 
place before multiplication of organisms can 
occur. These changes most commonly result 
from local ischemia. 


The incubation period is variable; the 
average for C perfringens is 12 to 24 hours, 
but incubation periods as short as 1 hour 
and as long as 6 weeks have been re- 
ported.!.!? 


Toxins.— Once conditions suitable for 
multiplication are met, the increasing num- 
bers of Clostridia release powerful exotoxins 
into adjacent tissues which kill viable cells, 
turning a benign infection into a potentially 
fatal disease. At least 12 such exotoxins have 
been identified from C perfringens! of 
which alpha toxin, a lecithinase, is the pri- 
mary cytotoxic agent. It diffuses into sur- 
rounding healthy tissues where it attacks 
the lecithin component of cell membranes, 
causing disruption and lysis of the cells.! 
'The Clostridia then migrate into these now 
necrotic areas, release more toxins, and con- 
tinue their spread in geometric progression. 


The other toxins appear to serve as 
spreading agents for the alpha toxin and as 
protectors of the infecting organisms from 
the body's defense mechanisms. 


There is no clear understanding of the 
nature of the systemic toxemia, of the agents 
that cause it, or of the ultimate cause of 
death. 


Local Effects.—'These are the result of 
the rapidly spreading inflammatory process. 
'The organisms liberate a gas which causes 
swelling, leading to vascular compression 
and further spread of the bacteria. The 
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alpha toxin produces destruction and nè- 
crosis of muscle and also affects the integ- 
rity of capillary endothelial membranes, al- 
lowing transudation of fluid and edema for- 
mation. 


SYSTEMIC EFFECTS 

Hematologic. — Intravascular hemolysis 
and anemia occur with clostridial septice- 
mia, most commonly with postabortal uter- 
ine myonecrosis,114 hemolysis apparently 
resulting from intravascular production of 
alpha toxin. Subsequent hepatic metabo- 
lism of the released hemoglobin leads to 
hyperbilirubinemia. 


Cardiovascular.—'The massive edema as- 
sociated with the local wound, increased in- 
sensible loss from fever, and decreased oral 
intake produce hypovolemia. The common 
sign of tachycardia is secondary to hypo- 
volemia, hemolytic anemia, fever, and tox- 
emia. Blood pressure early in the course of 
the disease is normal or slightly elevated, 
but may fall precipitously to systolic levels 
of 80 torr or less as the disease progresses.!? 
The etiology of the sudden hypotension is 
unclear. 


Renal. — Renal dysfunction and failure 
occurred in 16% of Roding's patients with 
gas gangrene; 7.7% of the patients were 
anuric.!! The dysfunction most likely occurs 
as a consequence of hemoglobinemia and 
hypotension. A circulating nephrotoxin pro- 
duced by the action of clostridial toxins on 
uterine muscle has also been postulated.!* 


T'hermal.—' Temperature changes are var- 
iable but generally elevated with an average 
temperature of 38.3 C (36.1 to 41.7 C) in 
one series.!? 


TREATMENT 

The mainstay of therapy remains debride- 
ment, even though other factors have modi- 
fied the extent of the surgical procedures 
needed. It is during this phase of therapy 
that the anesthesiologist becomes involved 
with the patient and his disease. Since even 
small areas of involved muscle remaining 
after debridement may result in death, ex- 
tensive debridement of all involved areas, 
including high amputation, has been recom- 
mended.!.?.10 


Adjunctive modes of therapy include mas- 
sive doses of aqueous penicillin G or tetra- 
cycline.*? Some authors suggest that large 
doses of steroids may be beneficial in cases 
where the patient is in shock, but there are 
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no objective data to support this regi- 
men.?.9.15 


Considerable enthusiasm and controversy 
have accompanied the use of hyperbaric-O, 
(HBO) therapy. Since the initial encourag- 
ing report by Brummelkamp and associ- 
ates!? in 1961, many others have used such 
therapy with success. 'This therapy does not 
diminish the mortality rate of the disease 
but does diminish the degree of debridement 
required and allows some patients to avoid 
surgery altogether.!! Many patients consid- 
ered inoperable due to extension of the 
disease onto the trunk have been cured fol- 
lowing HBO treatment.? 


ANESTHETIC MANAGEMENT 

Clinical problems of most concern to the 
anesthesiologist include shock, hypovolemia, 
tachycardia, fever, anemia, renal dysfunc- 
tion, pulmonary insufficiency, and the local 
wound. In addition to these considerations, 
rapid recovery from the anesthetic is of 
practical importance, since patients for 
whom HBO therapy is used must be trans- 
ported to the chamber for subsequent treat- 
ments. The ability of a patient to cooperate 
during a “dive? would lessen the risk of 
barotrauma. Another consideration is the 
requirement for multiple anesthetics during 
the management of wound closure and skin 
grafting in patients requiring extensive de- 
bridement. 


Preanesthetic Assessment.—The most im- 
portant aspect of the patient’s status is the 
adequacy of his circulating blood volume. 
Besides noting the usual signs of pulse rate, 
blood pressure, and central venous pressure, 
the “tilt test” is a useful, quick, and simple 
test to help in one’s judgment.!7 Fluid input 
and output changes are so rapid that radio- 
isotope blood volumes are not helpful. 


Evaluation of hematocrit is important, 
since hemolytic anemia may be a preopera- 
tive problem. Serum bilirubin, plasma he- 
moglobin, and CO levels are useful in assess- 
ing the patient’s hematologic system. The 
CO level closely reflects changes in hemo- 
lytic rates, since it is one of the end-products 
of hemoglobin metabolism in a stoichio- 
metric ratio.!5.1? Either whole or packed red 
blood cells should be matched in a volume 
adequate for replacement of anticipated 
losses, which in some cases may be large. 


Fever is another complicating problem for 
the anesthesiologist. Antipyretics, cold fluids, 
and a cooling mattress are indicated in at- 
tempting to reduce the elevated tempera- 
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ture. However, operation should not be de- 
layed in an attempt to reduce the tempera- 
ture. 


Monitoring. — Intraoperative monitoring 
consists of the usual devices employed in 
poor-risk patients. Esophageal stethoscope, 
temperature probe, ECG, central venous 
pressure line, and urinary bladder catheter 
are essential. In addition, a Swan-Ganz 
pulmonary-artery catheter and a peripheral 
artery catheter may be useful in the opera- 
tive assessment of left heart function and 
adequacy of ventilation. 


Induction.—Patients with gas gangrene 
often have full stomachs, and anesthesia 
must be induced with appropriate assurance 
of a patent airway and precautions against 
pulmonary aspiration of gastric contents. 


Induction agents should be chosen on the 
basis of the patient’s clinical condition. So- 
dium thiopental should be used with cau- 
tion in hypovolemic patients, since rapid 
infusion may lead to hypotension.*?°°? Car- 
diovascular collapse may occur precipitously 
in patients with gas gangrene as a compo- 
nent of the disease process, and in these 
cases ketamine might prove a better choice, 
particularly when rapid induction of anes- 
thesia is desired. Ketamine has been used 
successfully in some poor-risk hypovolemic 
patients;?? however, its use in gas gangrene 
has not been studied. 


Succinylcholine may be used for rapid 
muscle paralysis. The anesthesiologist, how- 
ever, should be aware of the possibility of 
hyperkalemia and cardiac arrest when suc- 
cinylcholine is used in the presence of other 
injuries, such as massive trauma, neurologic 
injury, or burns, not related to the site of 
clostridial infection.??-?7 Recent evidence in- 
dicates that excessive potassium release may 
occur as early as 3 to 4 days after injury,?? 
which is often within the period of incuba- 
tion and manifestation of gas gangrene. On 
the other hand, the large areas of necrotic 
muscle produced by the infection are rela- 
tively isolated from the circulatory system 
because of the vascular compromise charac- 
teristic of the disease, and are unlikely to 
represent a source of excessive К” release. 


In cases where rapid muscle paralysis for 
endotracheal intubation is not necessary, a 
nondepolarizing muscle relaxant may be 
used. Pancuronium bromide has been shown 
to produce adequate relaxation for intuba- 
tion in 2 to 3 minutes,?? while supporting 
the blood pressure and pulse.?°:3! Awake 
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endotracheal intubation offers an alterna- 
tive approach. 


Maintenance.—The agents of choice for 
maintenance of anesthesia are not known 
because of lack of data. We chose halothane 
because it provides smooth anesthesia with 
rapid elimination and changes in depth, 
and can be used with high concentrations 
of oxygen. Its primary drawback is myocar- 
dial depression, but it may also be impli- 
cated in the event of jaundice, which occurs 
in 25% of cases of gas gangrene.!! 


The use of №0 poses theoretic disadvan- 
tages, since it is known to expand air-con- 
taining spaces within the body by more 
rapid diffusion than outflowing nitrogen.?2.33 
What effect this property might have on the 
gas pockets produced by the clostridial in- 
fection is speculative. While the “раз” of 
gas gangrene is primarily H., CO. is also 
produced; however, the latter is more sol- 
uble and, at least initially, readily absorbed 
into body fluids.?! 


A natural diffusion barrier to accumula- 
tion of №0 in the tissues is provided by the 
areas of hypovascular and avascular muscle 
in which the gas is contained. Since the 
liberation of toxins has not been inhibited 
by in vitro O, exposures of less than 2.5 
atmospheres,?? there is no apparent advan- 
tage to the use of high O. concentrations. 
Whether the small pockets of H, liberated 
during debridement represent a fire hazard 
in the presence of electrocautery is un- 
known. 


Balanced anesthesia or neuroleptanesthe- 
sia may be employed, the primary advan- 
tage being postoperative analgesia. However, 
it is important to have a rapid recovery 
from the anesthetic, since a cooperative pa- 
tient is easier to manage in the hyperbaric 
chamber to which the patient may be imme- 
diately discharged for postoperative treat- 
ment. 


Ketamine may be used as the sole agent 
in conjunction with 10095 О,, but the 
amount of drug required during a prolonged 
procedure could delay emergence. Also, an 
increase in the already elevated heart rate 
might increase myocardial O. demand in a 
heart with reduced reserves. 


Nondepolarizing muscle relaxants are 
useful and should be selected according to 
clinical needs. Pancuronium and gallamine 
are indicated in hypovolemic patients but 
may increase an already elevated heart rate. 
Because of the potential development of 
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renal failure, gallamine should be used ju- 
diciously. Curare should also be used cau- 
tiously because of its potential for produc- 
ing hypotension. A need for postoperative 
ventilatory support with inadequate rever- 
sal of relaxants could be a serious problem, 
if the patient is to be transported to a hyper- 
baric chamber with limited access to the 
patient and little space available for a ven- 
tilator. 


Spinal and epidural anesthesia are not 
recommended because of the unstable car- 
diovascular status. The possibility of intro- 
ducing infection should also be considered. 
A brachial plexus block may be acceptable 
in the case of disease limited to the upper 
extremity, but one must bear in mind that 
a hematoma following the axillary approach 
could compromise vascular supply to tissue 
which already has only a marginal perfu- 
sion and O, supply. It may also be difficult 
to assess the proximal spread of the infec- 
tion in deep muscle planes, and the tissues 
of the axilla may be involved. 


As in all major surgical procedures, ade- 
quate crystalloid, colloid, and blood-com- 
ponent therapy is imperative. Such clinical 
signs as pulmonary capillary wedge pres- 
sure, central venous pressure, and urine out- 
put are useful in judging the adequacy of 
volume replacement. 


CONTAMINATION 
'The final concern in anesthetic manage- 
ment is the problem of a patient with an 
infected wound. C perfringens species rarely 
form spores during active infection and, be- 
ing obligate anaerobes, any vegetive organ- 
isms exposed to air should be rapidly neu- 
tralized.?" The Clostridia species causing 
gas gangrene are only opportunistic patho- 
gens,?' and are not highly invasive except 
under conditions leading to a lowered oxida- 
tion-reduction potential.9 Since the condi- 
tions suitable for infection occur only rare- 

ly,?* cross-infection is unlikely. 


MacLennan?* found that only 1.5% of war 
wounds contaminated with Clostridia devel- 
oped gas gangrene. When 2 cases of gas 
gangrene occurred within a 2-day period in 
1 hospital, an epidemiologic study showed 
no relation between the 2 causative organ- 
isms.!? The study further confirmed the 
widespread distribution of Clostridia spores. 
They are frequently found as a result of 
fecal contamination, but are also found in 
soil, dust,?* clothing,! and even in low num- 
bers in operating rooms.!? 


Gas Gangrene . . , Laflin, et al 


hus, the rarity of spore formation, the 
ubiquitous nature of the organism, and the 
stringent conditions required for infection 
make isolation of patients unnecessary. The 
most effective means of sterilization of anes- 
thesia equipment is steam autoclaving, but 
this, also, is probably unnecessary and in 
many instances impractical. 
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Guest Discussion 


G. DOUGLAS BLENKARN, MD 
Department of Anesthesia 
Duke University Medica! Center 
Durham, North Carclina 


Dr. Laflin's study presents the common 
combination in clinical gas gangrene: the 
ubiquitous presence of the seed (the clos- 
tridial spore) and the appropriate culture 
media (hypoxic tissue). The prerequisites 
of proper anesthetic management of these 
patients are identical to those of any criti- 
cally-ill septic patient and include confirma- 
tion homeostasis of gas exchange by inter- 
mittent arterial blood-gas analysis and con- 
tinuous direct monitoring of ECG, arterial 
and central venous pressure, and urine out- 
put. 


Anesthetic agents selected are of less im- 
portance than the manner in which they are 
employed. We feel that anesthesia should 
be sufficiently light so as not to compromise 
cardiovascular reactivity. Accordingly, we 
would almost always select a narcotic- 
muscle relaxant technic, with supplementa- 
tion by a volatile inhalation agent only if 
oxygenation was impaired. 


It is now widely felt that the initial 3 
hyperbaric-O, (HBO) treatments during 
the initial 24 hours are the most crucial. 
Whether surgical debridement or HBO is 
employed first after the presumptive diag- 
nosis is reached depends upon the logistics 
of the situation. Ideally, all therapeutic 
modalities should be employed in every case 
of gas gangrene. If appropriate hyperbaric 
facilities and expertise are close at hand, 
and if the same standard of intensive care 
can be provided within the chamber, then 
no impediment exists to using this impor- 
tant adjuvant therapeutic modality. 


Decompression sickness is never a prob- 
lem for the patient, as he breathes close to 
100% O». Difficulty in equilibrating the 
middle ear with the chamber pressure (baro- 
trauma) is readily prevented by prophylac- 
tic myringotomy immediately upon recogni- 
tion of any problem during the initial hyper- 
oxic exposure. 
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During HBO treatment, it is essential' to 
ensure delivery of close to 10097 O, as the 
inspired gas and to confirm the expected 
degree of hyperoxemia by arterial blood-gas 
analysis performed within the chamber. As 
a significant physiologic shunt is present in 
almost all these patients, the theoretic high 
О„ tensions (in excess of 1800 torr) are 
rarely achieved. A Рао, of greater than 
1000, however, is acceptable while breathing 
З atmospheres of O, and hyperoxygenates 
perfusing tissues at the advancing edge of 
the infection, helping to arrest the vicious 
cycle of tissue death described by Dr. Laflin. 


Central nervous system hyperoxic toxic- 
ity, as manifested by a general convulsion, 
is not uncommon. It can be minimized by 
appropriate sedation, treating hyperpyrexia, 
planned midway interruption of each HBO 
treatment with 5 minutes of air breathing, 
and by being alert to the appearance of any 
preconvulsive symptoms or signs, such as 
abnormal acuteness of hearing, nausea, or 
focal twitching. 


However, if the logistics are such that 
HBO therapy significantly compromises any 
of the other modalities of therapy, one 
should forego HBO treatment. 


Two other aspects of oxygenation deserve 
emphasis. Large amounts of blood are fre- 
quently required to replace that lost due to 
hemolysis and during and following surgical 
procedures. Also, the adequacy of oxygena- 
tion must be assured in the intervals be- 
tween HBO exposures. Indeed, every patient 
should receive supplemental O, continuous- 
ly until the infection is well under control 
and arterial oxygenation is adequate while 
breathing air. 


Unfortunately, the general reaction of 
hospital personnel to patients with gas gan- 
grene is analogous to their reaction to pa- 
tients with venereal disease, so that gas- 
gangrene patients are not only isolated from 
other surgical patients but are frequently 
excluded from first-class intensive care by 
being sequestered in small isolation rooms. 
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Theoretic Significance of pH Dependence of Narcotics and 
Narcotic Antagonists in Clinical Anesthesia 


DONALD W. BENSON, MD, PhD* 
JOYCE J. KAUFMAN, PhDT 
WALTER S. KOSKI, PhD: 


Baltimore, MarylandS 


Determination of the effect of pH and tem- 
perature on pK, partition, and drug distribu- 
tion coefficients in a series of common nar- 
cotics and their antagonists has shown that 
within the range of blood pH (7.1 to 7.7) en- 
countered in the practice of anesthesiology, 
marked differences of distribution of the drugs 
between a model lipid (octanol) and water can 
occur. When these data are considered in the 
light of clinical experience with narcotics 
used in patients undergoing or recovering from 
surgical procedures, a correlation between the 
depth and duration of narcosis or the efficacy 


\ \ 7 E RECENTLY measured, by microelec- 

trometric titration, pK,| and par- 
tition coefficients, and drug distribution 
coefficients between octanol and water as a 
function of pH and temperature?" in a 
number of clinically used narcotics and nar- 
cotic antagonists. The partition coefficients 
and drug distribution values at 37? C are 
higher than those at 20° С, the tempera- 
ture at which such measurements have usu- 
ally been made. There are significant non- 
uniform increases in the drug distribution 
|pK,: The negative logarithm of an apparent ion- 


ization constant, K’. The buffering power of a 
buffer system is highest when pK’ = pH. 


of narcotic antidotes and ventilatory status is 
seen. This correlation can be explained in part 
if the influence of blood pH on the probable 
CNS/blood distribution of a given drug is 
taken into consideration. Support is given to 
this proposal by representative studies in the 
literature. The very different drug distribu- 
tion coefficients of two closely related narcotic 
antagonists, naloxone and naltrexone, correctly 
predicted the faster onset and shorter duration 
of the former, which was confirmed by reported 
clinical observations. 


coefficients between 20° and 37° C, ranging 
from 21% for morphine to 200% for nal- 
trexone. 


The nonregularity of increase with tem- 
perature emphasizes the necessity for meas- 
urements at 37° C, since our study® showed 
that extrapolation of measurements made at 
lower temperatures to body temperature by 
any constant factor is not valid. Partition 
coefficients (P) refer to the partitioning of 
the same species, in this case the free base, 
between oil and water. Drug distribution co- 
efficients Pypparent (Pa) (or apparent parti- 
tion coefficients), refer to the distribution 


*Professor and Chairman, Department of Anesthesiology, University of Chicago Hospitals, Chicago, Illi- 


nois 60637. 


+Associate Professor, Department of Anesthesiology, and Principal Research Scientist, Department of 


Chemistry, The Johns Hopkins University, 21218. 


+B. N. Baker Professor, Department of Chemistry, The Johns Hopkins University, 21218. 
§Department of Anesthesiology, The Johns Hopkins University School of Medicine, Baltimore, Maryland 


21205. 


This study was supported in part by grant DA00539 from NIDA, Biomedical Branch, Division of Research. 


Reprint requests to Dr. Kaufman. 


Paper received: 10/24/74 
Accepted for publication: 6/25/75 


254 


_ [free base + acid salt]; ipia "m 
[free base + acid salt] water — 
[free base]; ьа 
[free base + acid salt] water 
(since essentially it is only the free base 
which partitions into the lipid). 








These drug distribution coefficients are 
related to the amount of drug that will pass 
the blood-brain barrier and enter the CNS, 
and are the pharmacologically significant 
quantities when considering drug dosages. 
Reporting our data as P or P, rather than 
as the more customary, less sensitive, log P, 
enables clinically significant differences to 
be ascertained. The narcotics investigated 
included morphine, codeine, oxymorphone, 
levorphanol, meperidine (pethidine), meth- 
adone, and alpha acetylmethadol (a deriva- 
tive of methadone with a longer duration of 
narcotic action, being tested clinically in ex- 
perimental drug addiction). (It should be 
noted that the narcotic properties of codeine 
occur as a result of its demethylation.) The 
narcotic antagonists investigated included 
nalorphine (a mixed agonist-antagonist), 
naloxone, naltrexone (the N-cyclopropyl- 
methyl derivative of oxymorphone), leval- 
lorphan, cyclazocine, and pentazocine (the 
two latter are classed as mixed agonist-an- 
tagonists) . 

METHODS 

The microelectrometric titration appara- 
tus used in this study is an adaptation of 
conventional assemblies. It comsisted of a 
small thermostatted cell in which about 
0.04 mM of sample was dissolved in 5 mi 
of CO,-free triple-distilled water. A blanket 
of №, gas was maintained over the sample 
to prevent any absorption of CO, from the 
room atmosphere. pH measurements were 
made with a PHM64 radiometer pH meter 
with calomel-and-glass electrodes. A micro- 
buret coupled with a microdelivery tip per- 
mitted accurate additions of small quanti- 
ties of titrant (2N NaOH). A magnetic 
stirrer was used for proper agitation. 


In determining the pK,, a conventional 
titration curve in which one plots volume of 
titrant versus pH is obtained. A blank titra- 
tion curve prepared in the same manner, 
but without the sample, was subtracted from 
the first curve. This resultant curve has a 
shape represented by the following equation 


= -a 
pH = pK, + log-5- 


The pH at which a, the fraction of sample 
in the dissociated state for acids or the asso- 
ciated state for bases was 0.5, was taken 
as the pK,. 
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The distribution coefficient of the drug 
was determined by titrating the compound 
in a two-phase system (octanol and water). 
If a compound is added to such a two-phase 
system in an amount insufficient to saturate 
either of the phases, the material will dis- 
tribute between the two phases in a definite 
proportion determined by its distribution 
coefficient (P). Octanol is used to simulate 
the lipid because of its wide use as standard 
in such applications." 


The compound dissociates into its respec- 
tive ions in the aqueous phase. The extent 
of the dissociation is determined by the dis- 
sociation constant (K,), which was ob- 
tained from the experimentally determined 
titration curve. When the drug is titrated 
in the presence of a finely dispersed oil, 
the free acid or base rapidly partitions be- 
tween oil and water and, as the titration 
proceeds, the dissociation equilibrium in the 
aqueous phase continues to follow the rela- 
tion 

‚ _ ЇН] [A] 

ME cum 
for the acid (HA), and a corresponding re- 
lation applies when a base is used. The re- 
moval of HA into the oil results in a shift 
in the apparent pK, by an amount which 
depends on the volumes of water and oil 
present (the shift occurs to higher pH if an 
acid is titrated and to lower pH if a base 
is titrated in the presence of the two-phase 
system). This shift can be simply related to 
the distribution coefficient (P) by the equa- 
tion 
М„ (antilog pK,’ —1) 

Vo 

in which the volumes of water (V,.) and oil 
( V,) are known. From the measured shift of 
pK,’ (ApK,’), the distribution coefficient 
can be calculated. 


RESULTS AND DISCUSSION 

The marked sensitivity of the drug dis- 
tribution coefficients to pH in the range 
from 7.1 to 7.7 may have significant conse- 
quences in a variety of clinical situations. 
These data at 37° C, encompassing the phy- 
siologically significant pH range 7.1 to 7.7, 
are presented in the table. 


We have observed* that surgical patients 
under narcotic analgesia (for example with 
meperidine) and concomitant N,O-O. anes- 
thesia, if hyperventilated during the course 
of the operation, exhibit a deeper plane of 
analgesia, almost as if they had been given 
larger doses of narcotic. The data in the 


*Benson DW: Unpublished data. 
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TABLE 
Drug Distribution Coefficients at 37° C as a Function of pH 


EÁ 


рКа 





P7.1 P7.35 P7.4 P7.45 P7.5 P7.6 P7.7 

Morphine sulfate 7.93 0.80 1.30 1.42 1.54 1.68 1.98 2.30 
Codeine phosphate 8.10 1.25 2.07 2.28 2.51 2.15 3.30 3.01 
Nalorphine HCl 7.59 17.55 26.22 28.16 30.16 32.19 36.39 40.41 
Oxymorphone НСІ 8.17 0.53 0.89 0.98 1.08 1.19 1.43 1.71 
Naloxone HCl 7.82 19.49 30.82 33.55 36.42 39.43 45.79 52.54 
Naltrexone HCl 8.13 7.11 11.86 13.08 14.40 15.82 18.99 22.57 
Meperidine HCl 8.50 20.20 34.87 38.82 43.17 47.96 58.99 22:17 
Methadone HCI 9.26* 58.68 103.81 116.33 130.30 145.92 182.92 229.04 
a-acetylmethadol 

HCl 8.61* 611.81 1063.02 1185.25 1321.08 1470.46 1817.45 2235.98 
Levorphanol 

tartrate 9.36* 6.89 12.21 13.69 15.34 17.18 21.56 27.02 
Levallorphan 

tartrate 8.50* 116.63 201.35 224.17 249.30 276.95 340.66 416.76 
Cyclazocine 9.38* 10.86 19.21 21.54 24.14 27.05 33.94 42.55 
Pentazocine 9.16* 55.99 98.89 110.76 124.00 138.81 173.79 217.29 


*pK,(H:0) = PK,(50% EtOH — H20) +0.5 pH. 


The tabulated partition coefficients represent averages of at least 4 determinations in the range of 2 to 
20% oil in water. As expected, precision was poorest in cases where pK, shift was smallest. In such cases 
as morphine sulfate or oxymorphone HCl, maximum scatter was about 15% of the value listed. In other 


cases it was much smaller. 


table show that the drug distribution co- 
efficient of morphine is raised 62% when 
the pH of the aqueous phase is changed 
from 7.4 to 7.7. This rise in drug distribu- 
tion coefficient will be exhibited to a greater 
or lesser extent by all narcotics having a 
protonated amine. 


Thus, it seems appropriate for the anes- 
thesiologist giving narcotics preoperatively 
or during an operation to consider the effect 
of hyperventilation during anesthesia. The 
almost threefold increase in the drug distri- 
bution coefficient of morphine between pH 
7.1 and 7.7 indicates that possible respira- 
tory and/or metabolic alkalosis or acidosis 
may have a considerable effect on the de- 
gree of narcosis achieved. 


Use of naloxone to back-titrate patients 
given morphine was described recently.* 
Since naloxone also exhibits a marked 57% 
rise in drug distribution coefficient from pH 
7.4 to 7.7 (and a marked 42% decrease 
from pH 7.4 to 7.1), it would appear that 
dosage might be pH-dependent as well as 
time-and-quantity dependent. 


Another area where pH-dependent distri- 
bution of narcotics may be important is in 
obstetrics. The blood of an infant during 


parturition and shortly after birth is more 
acidic (— 7.2) than that of the mother.? 
Thus, it would be expected that the blood 
levels of basic drugs would be higher in the 
infant than in the mother if placental trans- 
port occurred by rapid passive diffusion of 
the unionized drug.!? The placental barrier 
is mainly lipoprotein in nature; therefore, 
lipophilic drugs can pass more easily. Once 
the free base (unionized) form of the drug 
has traversed the placental barrier from the 
mother to the fetus (which is governed by 
the lipid-water drug distribution coeffi- 
cient), the lower the pK, of the narcotic 
(or narcotic antagonist), the more it is apt 
to become concentrated in the fetus, since 
only the free base can retraverse the pla- 
cental barrier. 


In the study of Beckett's group,!? cited 
above, pentazocine and meperidine were 
given both singly and in combination to par- 
turients in labor. Pentazocine was found to 
have a lower concentration in the newborn 
than in the mother, whereas the concentra- 
tions of meperidine in the newborn were 
higher than those in the mother. Those 
authors suggested that meperidine traversed 
the placental barrier more rapidly than 
pentazocine. 


T 


Our data would suggest an alternative ex- 
planation. 'The drug distribution coefficients 
of pentazocine are considerably higher at 
all pH values than those for meperidine. 
The lower pH of the fetal blood compared 
to that of the mother resembles a two-com- 
partment system. Some of the unchanged 
free base of both narcotics will be converted 
into the acidic form and thus be unable to 
traverse the barrier in the reverse direction. 
The pK, of meperidine at 37? C (8.5 by 
direct titration in Н.О solution) is lower 
than that of pentazocine (9.15 extrapolated 
to 100% H.O from titration in 50% EtOH- 
H,O solution). Thus, the lower pH of the 
fetus would cause proportionately more 
meperidine than pentazocine to convert 
back to the protonated form, and as a result 
relatively more of the pentazocine than of 
the meperidine entering the fetus would be 
able to retraverse the placental barrier back 
to the mother. 


The reversal effect of nalorphine or na- 
loxone and their pH dependencies may also 
be especially important in obstetrics. Where 
heavy medication with narcotics is used dur- 
ing labor and a narcotic antagonist is given 
the infant, there is significant acidosis in 
depressed babies.!!-!3 Our drug distribution 
data would suggest that nalorphine would 
be 20 to 25% less effective at pH values of 
7.15 to 7.23, as noted in the cited studies, 
than at normal pH value of 7.4. Our data 
suggest that naloxone would probably pass 
into the CNS only marginally more effec- 
tively than nalorphine at these low pH val- 
ues. However, the data further indicate 
that hyperventilation to a higher pH would 
make nalorphine a more effective antagonist, 
since the drug distribution coefficient is 
higher at higher pH values. For the same 
reason, hyperventilation would also increase 
the antagonist efficiency of the naloxone. 


The drug distribution coefficient of nal- 
trexone is significantly lower than that of 
naloxone, more than might have been ex- 
pected from the similarity in their struc- 
tures, with naltrexone being significantly 
less lipophilic than naloxone. We had postu- 
lated that this would lead naloxone to have 
a more rapid onset for antagonist activity 
and likewise a shorter duration of action 
than naltrexone.* Clinical studies confirmed 
this prediction.* 'The lower cil/water drug 
distribution coefficient of naltrexone might 
indicate a larger dosage of naltrexone than 





*Kurland AA, Director, Maryland Psychiatric Re- 
search Center, Spring Grove Hospital, Baltimore, 
Maryland: Private communication, 1974. 
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of naloxone to be necessary for effective an- 
tagonist activity. 
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Management of Intractable Pain in Adiposis Dolorosa 
with Intravenous Administration of Lidocaine 


TADASHI IWANE, MD* 
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MICHIKO MATSUKI, MD} 
YUSUKE ITO, MDS 
KOKI SHIMOJI, MD| 


Niigata, Japan** 


Intractable pain in a patient with adiposis 
dolorosa (Dercum’s disease) was treated by 
IV administration of lidocaine (200 to 400 mg). 
Relief was maximum 20 minutes after the end 


ERCUM! described 3 cases of adiposis 

dolorosa (Dercum’s disease) as long 
ago as 1892, but the etiology of this condi- 
tion is still unknown. Common character- 
istics of Dercum’s disease have been de- 
scribed as follows: 


1. Painful diffuse fatty deposits except 
in the face, the backs of hands, and the 
insteps. 


2. Postmenopausal women are most of- 
ten affected. 


3. Asthenia, weakness, and fatigue are 
marked. 


4. Psychic phenomena, including neu- 
roses and emotional instability, are com- 
mon. 


No successful treatment of the disease 
has yet been established, but partial relief 


*Instructor. 
TAssistant Professor. 
tAssistant Professor. 
$Associate Professor. 
|| Professor. 


of drug infusion and persisted for over 10 
hours. Toxicity was minimal. Slow EEG 
waves which appeared during drug administra- 
tion disappeared within 20 minutes. 


of pain by IV administration of lidocaine 
appears of palliative value. 


CASE REPORT 
A 48-year-old woman was admitted to the 
Niigata University Hospital on October 14, 
1974, with the chief complaint of intractable 
pain over the whole body which was exacer- 
bated by touch or pressure. 


In 1968 she was treated with dexametha- 
sone for pain in the right hip joint. In Oc- 
tober 1969, she underwent an operation on 
her right hip joint, following which edema 
of the lower extremities was treated with 
diuretics. 


In May 1972, pain in all joints as well as 
butterfly-like erythema on the face appeared; 
this was diagnosed as systemic lupus eryth- 
ematosus (SLE). At that time, fatty de- 
posits appeared in the left forearm and her 


**Department of Anesthesiology, Niigata University School of Medicine, Niigata, Japan. 
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body weight increased, with pain due to 
pressure over her whole body. 


In June 1973, she was examined at a uni- 
versity hospital and SLE was suspected. In 
February 1974, she experienced unconsci- 
ousness for about 30 minutes. Subsequently, 
her movements were accompanied by in- 
creased spontaneous pain, hyperalgesia, and 
thermohyperesthesia. Psychiatric and EEG 
examinations revealed that, although hys- 
teria could not be ruled out, Dercum’s dis- 
ease was probable. 


On November 20, 1974, the patient pre- 
sented in a wheel chair. She was obese, 
weighing 66 kg at a height of 150 cm, with 
fat deposits general except on her face, 
hands, and insteps. Her entire body surface 
was painful to the touch. She complained 
that her right shoulder and hip joint were 
so painful that walking was difficult. She 
could bathe only in tepid water because of 
thermohyperesthesia, and complained of in- 
somnia. 


Lidocaine (200 mg) was administered IV 
over 35 minutes. Ten minutes after the start 
of administration, the patient developed a 
feeling of heat, flushing of the breasts, eu- 
phoria,? numbness, and appeared hypno- 
tized. Blood-gases analyzed immediately 
after drug administration were within nor- 
mal limits. The patient complained of a 
slight headache 10 minutes after the end of 
administration. 


She is presently (April 1975) being treat- 
ed on alternate days with 400 mg of IV 
lidocaine given over a 15-minute period. 
Maximum relief is observed about 20 min- 
utes after drug administration and relief 
continues for over 10 hours. Pain relief in 
the distal region of the bilateral elbow joints 
is now marked, mobility of the thumbs and 
fingers is improved, and she walks more 
easily than previously. However, some pain 
in the right shoulder and hip joint has per- 
sisted. 


DISCUSSION 


Despite several reports on Dercum's dis- 
ease, optimum analgesia has not yet been 
described. Tetraethylammonium chloride? 
and epidural or spinal anesthesia® have been 
tried but with only partial success. As Der- 
cum found connective tissue infiltration 
around the nerves in fatty deposits, neuritis 
has been suspected as the cause of pain,® 
but this theory has not been confirmed. 
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Local IV anesthetics have been used for 
management of pain due to burns, cutaneous 
cicatrices, dermatomyositis, pruritus, and 
cardiac arrhythmias." However, the mech- 
anism of action of these agents has not been 
elucidated. Lidocaine may block impulse 
conduction in peripheral nerves? and de- 
press cerebral activity,? which may result in 
increased pain threshold. Central effects of 
some local anesthetics have been reported 
to be biphasic,?.!? a small dose having an 
anticonvulsive activity while a large dose 
may induce convulsions. Sakabe's group? 
found that small doses of lidocaine (3 to 15 
mg/kg) depressed the cerebral metabolism 
dose-dependently, reflected by a decrease in 
cerebral metabolic rate of O. consumption 
and an inhibition of electrical activity of 
the brain. 


In our patient, the EEG showed slow 
waves, which appeared in 7 minutes after 
the start of administration and disappeared 
within 20 minutes after the end of drug 
administration (fig 1). By contrast, the pain 
relieving effect was found to be maximum 
at about 20 minutes after the end of ad- 
ministration. This suggests that pain relief 
following the administration of lidocaine 
may not depend on depression of cerebral 
activity but on its effect on peripheral 
nerves. The ECG, blood pressure, pulse rate, 
and respiratory rate have shown no remark- 
able changes during or after lidocaine ad- 
ministration (fig 2). 


Arthralgia, however, has been only slight- 
ly alleviated even by this treatment and 
ankylosis has kept the patient almost bed- 
fast. Thus, while lidocaine administration 
has not effected a complete cure, it has at 
least provided substantial relief for the 
otherwise intolerable pain of Dercum’s 
disease. 
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Fic 1. EEG changes before and after IV administration of lidocaine (400 mg). C: Control (before), 
and 7 and 15 minutes after start of administration; A20: 20 minutes after end of administration. 
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Fic 2. ECG changes before and after IV ad- 
ministration of lidocaine (400 mg). C: Control 
(before), and 7 and 15 minutes after start of ad- 
ministration; A20: 20 minutes after end of adminis- 
tration. 


lipid metabolism. Acta Dermatover (Stockholm) 


51:243-250, 1971 


6. Bonica JJ: The Management of Pain. Phila- 
delphia, Lea & Febiger, 1954, pp 1226-1261 


7. Grossman JI, Lubow LA, Friedem J, et al: 
Lidocaine in cardiac arrhythmias. Arch Intern Med 
121:396-401, 1968 


8. de Jong RH: Physiology and Pharmacology 
of Local Anesthesia. Springfield, Illinois, Charles C 
Thomas, Publisher, 1970, pp 140-142 


9. Sakabe T, Maekawa T, Ishikawa T, et al: 
The effects of lidocaine on canine cerebral metab- 
olism and circulation related to the electroencephalo- 
gram. Anesthesiology 40:433-441, 1974 


10. Wagman IH, de Jong RH, Price DA: Effects 
of lidocaine on the central nervous system. Anes- 
thesiology 28:155-172, 1967 





PRACTOLOL The selective effects of low (1.5 mg/kg) and high (12 mg/kg) doses 
of oral practolol on beta-1 and beta-2 receptors was evaluated in 10 volunteers. Low 
doses of practolol produced 40 per cent blockade of the heart rate response to exercise 
but did not alter forearm vasodilator responses to isoproterenol. In contrast, the high 
doses produced blockade of both cardiac and vascular responses. The beta-1 blockade 


was not greatly different between the 2 doses. 


Thus, a low practolol dose blocks 


beta-1 responses but at higher doses this selectivity is lost as beta-2 responses are 
also blocked without any additional blockade of chronotropic responses. (Lertora JLL, 
Mark AL, Johannsen UT et al: Selective beta-1 receptor blockade with oral practolol 
in man. A dose related phenomenon. J. Clin Invest 56:719-724, 1975) 
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То the Editor: 


I was interested to read the report by Orr, describing the reversal by physostigmine 
of delirium induced by ingestion of the flowers of the plant Datura stramonium. 


A member of this family of plants, Datura arborea ( popularly known as “trumpet lily"), 
is widely distributed in this state, and earlier this year one of a group of 7 youths died 
after ingesting its flowers, the others developing a delirium lasting some 18 to 24 hours. 


Based on the similarity between the symptoms of Datura poisoning and the central 
anticholinergic syndrome,? I suggested elsewhere at the time? that the centrally-active 
anticholinesterase, tetrahydroaminacrin (tacrine, THA) [Romotal*] would effectively 
reverse the symptoms and signs of such poisoning, as unfortunately physostigmine for 
parenteral use is not available in Victoria. 


Orr's comment that further encounters with Datura can be anticipated appears relevant 
to both countries, and the availability of a specific antidote should be widely publicized. 


George Mendelson, MD 
Prince Henry's Hospital 
Melbourne, Australia 
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Editor’s comment: Unfortunately, no form of tetrahydroaminacrin is commercially avail- 
able in the USA, although Romotal* can be found in most European countries. 
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Editors share the belief that medical writing is capable of vast improvement. 
This article is one of a series of personal communications from Charles С. Roland, 
M.D., former Senior Editor of JAMA, to John T. Martin, M.D., Associate Editor 


of Anesthesia & Analgesia . . 


. Current Researches. Dr. Roland is Chairman, 


Department of Biomedical Communications, Mayo Clinic, Rochester, Minnesota 
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Thoughts About Medical Writing 
XXXIV. The Publication Process 


Dear Tom: 


The world of medical publication is a 
mystery to all but a few insiders. Of the 
whole population of physicians, relatively 
few write for publication. And of those who 
do, only a small fraction write often enough 
to become acquainted with the details of the 
process or to have a reason to be concerned 
with matters such as priority or publication 
ethics. 


Part of the difficulty is that we know 
little about publication, in the scientific 
sense of knowing; the process itself has been 
little studied. The critical evaluation of the 
whole field, which can be termed the soci- 
ology of medical knowledge, is only begin- 
ning to be carried out. 


Some examples are outstanding excep- 
tions to this generality. For instance, Merton 
has studied multiple discoveries of the same 
fact or observation.! He has noted that it is 
not at all unusual for two or more investi- 
gators to make the same observation inde- 
pendently. This is à common phenomenon. 
Not only that, Merton has pointed out that 
disputes about priority are common and 
natural; he has found it almost a rule that 
a scientist who writes his biography and 
who claims to have no major concern for 
priority will, within a few pages, make such 
a claim. Or, as Merton put the thought in 
more general terms: “The expression of 


disinterested moral indignation is a sign- 
post announcing the violation of a social 
norm."? 


So it seems that it is normal to expect 
other investigators to be studying the phe- 
nomena that interest you. And it is just as 
normal for someone who has achieved prior- 
ity to want public credit for it—and to seek 
out the credit, if necessary. 


There are other “normalities” that fit into 
this study called the sociology of medical 
knowledge. Price, in one of the best known 
investigations in the field, brought to promi- 
nence the principle of doubling times for 
scientific knowledge. The number of scien- 
tific journals, for example, has doubled 
about every 15 years since journals first 
were published three centuries ago. An even 
more impressive extrapolation is Price's 
statement that “we can say that 80 to 90 
percent of all the scientists that have ever 
lived are alive now."? 


We are, then, beginning to know some 
facts about scientific knowledge itself. But, 
as in all fields of science, every casual as- 
sumption needs quantification and verifica- 
tion. In my opening paragraph I said that 
relatively few physicians write for publica- 
tion. How few? Of those who write, is it 
true (as has been shown in other fields) 
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that only 10% of the writers write 90% of 
what is written? And if so, what does it 
mean? Someone needs to study those ques- 
tions. 


On a much smaller scale, we need to 
know more about the actual publication pro- 
cess itself. One recent study was devoted 
to 103 papers published from the Mayo 
Clinic. When these papers were categorized 
by type, it was found that both laboratory 
research papers and clinical research papers 
had an average span of over 4 years. That 
is, from the time the chief investigator had 
his or her idea to do a certain study, until 
the publication of the results of the study, 
took that long. For case reports it was more 
than 2 years and for review articles it was 
more than 3 years.* 


This same study showed that journal 
handling times were not remarkably long, 
even though the impatient author may find 
this difficult to believe. The time lapse from 
submission of an article to its ultimate pub- 
lication (8597, of the papers being accepted 
by the journals to which they were first sub- 
mitted) ranged from 25% to 30% of the 
total span. 


Other data come from such investigations 
— some of it seemingly trivial. More than 
80% of the authors write out their manu- 
scripts longhand* (and so do I). One per- 
cent of these authors never revise their 
manuscripts; the first draft is good enough 
for them. 


SILICONE CATHETERS 
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What does all this lead to? We know'a 
little about the sociology of the way we 
acquire and distribute knowledge. We need 
to know much more. Simplistically, perhaps, 
we may come to believe that knowing more 
about the medical writing aspects of the 
process could help ease the task of the writer 
in some way; one fact is certain—most medi- 
cal writers don't enjoy the writing itself. 
Yet I must admit a bias. I don't think that 
writing is supposed to be easy. Wasn't it 
Sheridan who said “Easy writing's curst 
hard reading"? 


Regards, 





[Charles G. Roland, M.D.] 
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Silicone elastomer intravenous catheters were used to 


provide total intravenous nutrition for an average 20.4 days (range 4 to 56 days). 
A crank introducer unit permitted the catheters to be introduced into the basilie or 
cephalic vein and then advanced into the superior vena cava. Thirty of 36 catheters 
were removed because they were no longer needed. Thrombophelbitis developed in 2 
patients when the catheter tip was in the axillary vein and in 2 patients when the 
catheter had been inserted into previously punctured veins. Advantages of the silicone 
catheters are flexibility reducing the chances for vessel perforation or intima damage, 
minimal thrombogenicity, tissue compatibility and radiopacity. This approach offers 
an alternative to placing the catheter in the neck. (Hoshal VL: Total intravenous 
nutrition with peripherally inserted silicone elastomer central venous catheters. Arch 
Surg 110 :644-646, 1975) 
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A Comparative Study of Enflurane and Halothane 
Using Systolic Time Intervals 


JOEL A. KAPLAN, MD* 
EDWARD D. MILLER, MAJ, МСТ 
DANIEL R. BAILEY, MAJ, MC} 


The effects of enflurane and halothane anes- 
thesia on systolic time intervals were studied 
in 12 healthy patients. Cardiovascular measure- 
ments were made at equipotent levels of anes- 
thesia: enflurane 1.2395 end-tidal and halo- 
thane 0.65% end-tidal. These agents were stud- 
ied first with 5095 N-O and then without N.O. 
Systolic, diastolic, and mean arterial blood 
pressure were decreased more by enflurane 


Ws administered in clinical doses, 

enflurane produces a stable cardiovas- 
cular system. Spontaneous arrhythmias are 
unusual except for an occasional nodal 
rhythm. Marshall and associates! showed, 
in 6 healthy patients, that during enflurane 
anesthesia (1 MAC), the cardiac index is 
only minimally reduced at normocarbia and 
hypocarbia, and is elevated at hypercarbia. 
Previously, Prys-Roberts and colleagues? 
had shown, in patients anesthetized with 
similar concentrations of halothane, that 
there is a marked reduction in cardiac index 
at all levels of CO.. Bahlman's group? dem- 
onstrated that cardiac output decreased 
after 1 hour of halothane anesthesia but in- 
creased to levels above control at the end 
of 5 hours of anesthesia. 


It is still unclear whether enflurane differs 
from halothane as a negative inotropic 
agent. In-vitro studies using cat papillary 


than by halothane (p<0.05). However, halo- 
thane caused significantly more myocardial de- 
pression than enflurane, as indicated by a larg- 
er preejection period (PEP) and preejection 
period/left ventricular ejection time (PEP/ 
LVET) and a smaller 1/РЕР° and ejection 
fraction. When NO was discontinued, both 
agents increased PEP and PEP/LVET and de- 
creased 1/PEP" and the ejection fraction. 


muscle have produced conflicting results. 
Studies by Shimosato and colleagues*^ on 
contractile parameters have shown halo- 
thane to be more of a depressant than en- 
flurane, but a study by Brown and Crout® 
showed enflurane to be the most depressant 
of 5 general anesthetic agents. These in-vitro 
studies raise questions of differences in spe- 
cies, experimental design, and in-vitro ver- 
sus in-vivo situations. 


The measurement of systolic time inter- 
vals is a noninvasive technic that has been 
shown to correlate well with direct internal 
measurements ef left ventricular function 
(LVF) in man.' Martin and coworkers,‘ 
studying 6 patients during cardiac catheter- 
ization, found identical values whether sys- 
{ойс time intervals were measured exter- 
nally or internally. Following acute phar- 
macologic intervention, the preejection peri- 
od (PEP) and left ventricular dp/dt corre- 
lated well and varied inversely. 
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As there have been no comparative stud- 
ies of the cardiovascular effects of enflurane 
and halothane in man, the purpose of the 
present study was to use systolic time inter- 
vals to compare these anesthetic agents, in 
normal man, in a totally noninvasive man- 
ner. 


METHODS AND MATERIALS 


Two groups, each comprising 6 healthy 
young patients (all ASA class I), and 
equally divided between men and women, 
were studied in a quiet room prior to elec- 
tive minor surgery. Their mean age was 28 
years (range 19 to 39). АП had given in- 
formed consent and were studied at 0700 
hours after an overnight fast. Dextrose in 
lactated Ringer’s solution (1000 ml) was 
administered IV 14 hour before the study. 
No premedication was given and no patient 
was taking any medications. 


Awake control measurements of systolic 
time intervals, blood pressure, and heart 
rate were recorded. Patients were then pre- 
oxygenated for 5 minutes. At that time, 
10095 N.O was administered for 60 seconds 
for a rapid anesthesia induction in order to 
avoid an excitement stage, and patients 
were maintained on 50% N.O-O, with 
either 1% inspired halothane or 2% inspired 
enflurane by mask. A semiclosed-circle ab- 
sorber system was used with total gas flow 
rates of 10 L/min for 5 minutes and then 
5 L/min. Spontaneous respirations were 
maintained throughout the study. 


After 30 minutes of stable anesthesia, the 
following measurements were made: (1) 
systolic time intervals, (2) blood pressure 
and heart rate, (3) end-tidal СО», and 
either end-tidal enflurane or halothane (end- 
tidal gas samples were taken via a 16-gauge 
catheter placed at the distal tip of a long 
oral airway), and (4) arterial blood gases. 
Then the NO was discontinued and all 
measurements were repeated 20 minutes 
later. 


The systolic time intervals were measured 
by the following standard technic (fig 1): 
A simultaneous fast-speed recording at 100 
mm/sec of a phonocardiogram, carotid arte- 
rial pulse wave, and ECG were made on an 
Electronics for Medicine (EM) monitor. 
'The phonocardiogram was recorded with an 
EM PS-2 heart-sound microphone placed 
over the upper precordium to give the best 
recording of the 2nd heart sound. 'The caro- 
tid arterial pulse wave was recorded with a 
Statham P23Db pressure transducer at- 
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QS, a 





PEP = QS,-LVET 
Derived Intervals 


PEP, LVET 


!/рЕР? 
ЕЕ =1.125- 1.250 PEFAvET 


Fic 1. Systolic time intervals measured by the 
phonocardiogram, carotid arterial pulse trace, and 
the ECG. Upper part of figure shows how QS, and 
LVET are measured; lower part shows derived 
parameters. 


tached to a funnel-shaped receiver. 'The 
ECG lead with the clearest onset to the 
QRS complex was chosen. 


Three time intervals were measured: (1) 
total electromechanical systole (QS.), meas- 
ured from the Q-wave of the ECG to the 
first major deflection of the 2nd heart sound; 
(2) left ventricular ejection time (LVET), 
measured from the initiation of the carotid 
upstroke to the dicrotic notch; (3) PEP, 
calculated by subtracting the LVET from 
the QS». From these measurements, PEP/ 
LVET, 1/PEP?, and the ejection fraction 
were derived. 'The formula for ejection frac- 
tion (EF=1.125 — 1.250 PEP/LVET) was 
shown by Garrard and associates? to have 
a close correlation (r=0.9) with the ejec- 
tion fraction measured at cardiac catheter- 
ization. All measurements were corrected for 
heart rate, using Weissler's regression for- 
mulas, except for PEP/LVET, which is in- 
dependent of heart-rate changes between 40 
and 110 bpm.? АП systolic time-interval 
measurements were made by hand. АП 
values presented are the means of 10 con- 
secutive intervals, which usually included 
two respiratory cycles. 


Statistical comparisons were made using 
paired t-tests within anesthetic groups апа • 
unpaired t-tests between anesthetic groups. 


Systolic Time Intervals . . . Kaplan, et al 
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TABLE 1 


Anesthetic and Blood Gas Values of Enflurane and Halothane Groups 
(Means = SE) 














End-tidal 
Anesthetic agent concentration Pao? Paco? pH Base excess 
Enflurane 2% 1.28 208.8 48.8 7.32 —2.5 
with №0 50% +0.12 +16.0 +2.3 +0.02 +14 
Enflurane 2% 1.20 425.0 46.8 7.33 —3.0 
in О, +0.15 2-46.3 +2.3 +0.02 +1.5 
Halothane 1% 0.65 182.8 40.8 7.36 —2.3 
with М.О 50% +0.06 +28.0 +2.6 +0.02 +0.6 
Halothane 196 0.70 366.2 40.5 7.34 —3.2 
іп О» +0.06 +54.3 +2.8 +0.01 +0.8 
TABLE 2 


Basic Cardiovascular Measurements of Enflurane and Halothane Groups 
(Means + SE) 


ААҺА 
Blood pressure 














Anesthetic agent Systolic Diastolic Mean Heart rate Cardiac rhythm 

Enflurane control 127.7 78.0 94.6 69.2 NSR* 
+4.3 +2.1 +1.9 +4.8 

Enflurane 2% 99.7 t 61.87 74.41 67.0 NSR 

with N:0 50% +6.5 2.2 +3.0 +4.6 

Enflurane 2% 105.37 67.07 79.87 73.8 NSR 

іп O: +8.8 +5.1 +6.1 +3.8 

Halothane control 118.4 73.3 89.6 72.2 NSR 
+5.7 +4.2 +3.3 +6.5 

Halothane 1% 107.31 66.31 80.01 65.7 МК 

with М.О 50% +5.8 +4.0 24.9 +4.8 

Halothane 196 105.7t 68.71 81.01 67.8 NSR 

in O: +6.6 +3.9 +4.7 +3.8 


Т 


*NSR = normal sinus rhythm оп ЕСС. 
їр<0.01 compared with control. 
tp<0.05 compared with control. 


RESULTS 

When given for 45 minutes, both enflu- 
rane and halothane resulted in end-tidal 
concentrations of 0.8 MAC (table 1). The 
arterial blood gases shown in table 1 indi- 
cate a Рао, greater than 150 torr at all times 
during the study. The Расо, was higher in 
the enflurane group, but this difference was 
not statistically significant, due to large pa- 
tient variability. 


Both agents showed a significant decrease 
in systolic, diastolic, and mean arterial blood 
pressure (MAP) from their control values 


(table 2). However, the MAP decreased 
more in the enflurane group (2295) than in 
the halothane group (9%). Heart rate did 
not change significantly in either group. No 
arrhythmias were seen with either agent. 


Of the 3 time intervals measured, PEP is 
the best indicator of overall myocardial per- 
formance. А decrease in myocardial con- 
tractility causes a prolongation of PEP and 
a shortening of LVET. Both agents (fig 2) 
caused a significant prolongation of PEP 
(p«0.05); however, halothane prolonged 
PEP significantly more than enflurane 
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MEASURED INTERVALS 





'—O Enflurane 
— Halothane 





PERCENT CHANGE FROM CONTROL 





о 
Control Agent Agent 
plus in 
50% NO Oxygen 


Fic 2. The three measured systolic time intervals 
shown as percent change from control values. АП 
points represent mean values + 1 SE of 6 subjects. 
a = р< 0.05 compared with control; b = p< 0.01 
compared with control; c = p < 0.05 compared with 
enflurane. 


(p« 0.05). Also, halothane shortened LVET 
slightly more than enflurane. 


In previous studies, measured intervals 
by themselves have not correlated as well 
with invasive measurement as have some de- 
rived parameters.* Thus, figure 3 shows the 
percent change from control of the three 
derived intervals. The control values were 
all within normal limits. Both anesthetic 
agents caused a significant increase in the 
PEP/LVET ratio and a significant decrease 
in 1/PEP? and derived ejection fraction, 
indicating myocardial depression at equi- 
potent light levels of anesthesia. The differ- 
ence in PEP/LVET and 1/PEP? between 
enflurane and halothane was statistically 
significant (p«0.05), with halothane ap- 
pearing to be the more depressant. PEP/ 
LVET was increased 39.395 by halothane 
and 14.7%, by enflurane, while 1/PEP? was 
decreased 37.6% by halothane and 22.7% 
by enflurane. 
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Fig 3. The three derived intervals shown as 
percent change from control values. All points 
represent mean values — 1 SE of 6 subjects. a — 
p «0.05 compared with control; b = р< 0.01 com- 
pared with control; c = p- 0.05 compared with 
enflurane. 


When N.O was discontinued, both agents 
increased PEP and PEP/LVET and de- 
creased 1/PEP? and the ejection fraction. 
However, these changes were not statisti- 
cally significant. 


DISCUSSION 

There have been a number of studies of 
the cardiovascular effects of halothane in 
man. Bahlman and associates? and Eger 
and coworkers!? have shown that 197 end- 
tidal halothane decreases cardiac output, 
MAP, and total peripheral resistance (TPR) 
by 10 to 20%. These investigators, who used 
the ballistocardiogram to measure myocar- 
dial contractility, showed that the IJ wave 
of the ballistocardiogram was decreased by 
25 to 30% with halothane. These changes 
were all greater with controlled than with 
spontaneous respirations. The depression 
they found at light levels of anesthesia 
(1%) proceeded to profound depression at 


Systolic Time Intervals . . . Kaplan, et al 


deep levels of anesthesia (2%), with the 
cardiac output, MAP, and IJ wave being 
depressed 50%. 


Morrow!! measured the effect of halo- 
thane on myocardial contractile force by 
suturing а Walton-Brodie strain gauge to 
the ventricle during cardiopulmonary by- 
pass. Halothane (29%) administered through 
the oxygenator for 10 minutes decreased 
contractile force by 30% and MAP by 15%. 
Our data are consistent with the above stud- 
ies, in that halothane decreased contractil- 
ity, as measured by systolic time intervals, 
by 30 to 50% апа MAP by 11%. 


In contrast to halothane, there have been 
few studies on the cardiovascular effects of 
enflurane in man. 'These studies have shown 
a decreased cardiac output and MAP, with 
variable TPR results.!:!? There are no pre- 
viously recorded measurements of myocar- 
dial performance with enflurane in man. Our 
data show that at equipotent light levels 
of anesthesia, enflurane decreased contractil- 
ity as measured by systolic time intervals 
consistently less than halothane. Halothane 
increased the PEP/LVET ratio 25% more 
than did enflurane. 


When N.O was discontinued in both 
groups, the patients appeared more lightly 
anesthetized. In spite of this fact, systolic 
time intervals showed more myocardial de- 
pression. This supports previous evidence 
that at light levels of halothane anesthesia, 
N.O acts as a cardiovascular stimulant, 
probably through activation of the sympa- 
thetic nervous system.!? 


Blackburn's group!* showed that the 
Расо, correlates quite well with changes in 
1/PEP?. In their 5 patients anesthetized 
with N.O and curare, a difference in the 
Paco. of 6 torr, as we found between the 
halothane and enflurane groups, produced a 
15%, difference in 1/PEP?. The Paco, dif- 
ference between our 2 groups just failed to 
be statistically significant at the р<0.05 
level; however, it may have been physiologi- 
cally quite significant. At a lower Paco, of 
40 torr, enflurane may appear to be more 
depressant than it did in this study. 


The isovolumic contraction time used in 
the past to measure myocardial performance 
is related to the 1st heart sound, which has 
been shown to occur at a variable time from 
the onset of left ventricular contraction.” 
Recently, attention has focused on the pre- 
ejection period as the interval to be meas- 
ured to assess intrinsic myocardial perform- 
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ance. There are 4 determinants of the dura- 
tion of the preejection period: (a) left ven- 
tricular contractility; (b) left ventricular 
end-diastolic pressure (preload); (c) aortic 
diastolic pressure (afterload); and (d) 
heart rate. 


The effect of changes in heart rate on 
PEP was eliminated in our study by using 
regression formulas relating systolic time 
intervals to heart rate, derived by Weissler 
from multiple observations of both normal 
individuals and cardiac patients.’ 


Talley and coworkers!" showed that PEP 
is only slightly affected by changes in aor- 
tic diastolic pressure, and that a change of 
39 torr in the aortic diastolic pressure 
caused only a 7 msec (6%) change in PEP. 
In our study, the diastolic blood pressure 
decreased only 7 torr with halothane and 17 
torr with enflurane and therefore should 
have had minimal effects on PEP. 


Reitan and associates!’ reported that 
1/PEP? correlated well with peak ascend- 
ing aortic blood flow acceleration, a good 
measurement of myocardial contractility, 
Noble and coworkers!* having previously 
observed that changes in ventricular preload 
and afterload caused little variation in peak 
blood flow acceleration. Drawing from these 
conclusions, we feel that PEP, PEP/LVET, 
and 1/PEP? were minimally affected by the 
difference in afterload in the halothane and 
enflurane groups. 


Accepting that PEP was only minimally 
affected by changes in heart rate and after- 
load, the changes we have observed in PEP/ 
LVET and the ejection fraction during anes- 
thesia could reflect changes either in pre- 
load or in the inotropic state of the heart. 
Talley! showed that PEP is markedly af- 
fected by changes in ventricular end-dia- 
stolic pressure. Our study cannot separate 
these two factors, since measurements of the 
pulmonary capillary wedge pressure, left 
atrial pressure, or left ventricular end-dia- 
stolic pressure (LVEDP) would be needed 
to do this. However, if enflurane is not less 
depressant than halothane, our findings 
mean that enflurane must have raised the 
LVEDP more than did halothane. We do 
not believe this happened, since enflurane 
appears to produce more peripheral vaso- 
dilation and would be expected, therefore, 
to lower LVEDP. 


Our findings probably indicate a differ- 
ence in the inotropic state of the heart with 
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the 2 anesthetic agents. Therefore, while 
the lower MAP seen with enfiurane is due 
in part to some decrease in contractility, it 
appears mainly due to a decrease in TPR, 
while the decrease seen with halothane is 
primarily caused by a decrease in contrac- 
tility and thus by decreased cardiac output. 
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Effect of Paco; on О Consumption During 
Cardiopulmonary Bypass in Man 


RICHARD W. PATTERSON, MD* 


Under conditions of anesthesia with controlled 
respiration, the changes in the state of the 
circulation due to altered Paco» are often over- 
looked or attributed to the anesthetic agent. 
During cardiopulmonary bypass when cardiac 
output is kept constant, change in fluid level 
of the extracorporeal reservoir reflects overall 
change in the circulatory beds. 

Following an hour on total bypass for stabiliza- 
tion of all parameters, a change in the oxy- 
genator ventilating-gas mixture was induced 
to increase or decrease the Paco» an average 


C ARBON DIOXIDE tension affects both the 
blood supply!? and metabolic rate,*.^ 
two major determinants of the O, consump- 
tion ( Vos) of a tissue, organ, or of the whole 
body. The two effects may not be concord- 
ant. For example, an increase in total body 
Vo. can be produced by respiratory alka- 
losis,** a situation which in itself selective- 
ly decreases the blood flow in several cir- 
culatory beds.5.? 


'This study, conducted during cardiopul- 
monary bypass in man, describes the changes 
in whole body Уо» and the whole body blood 
volume shifts that occur following a modest 
(11 torr) change from one CO, steady state 
to another. 


METHODS AND MATERIALS 
Forty patients (14 women, 26 men) in 
AHA classes II and III, undergoing surgical 
correction of acquired heart disease with the 
aid of total cardiopulmonary bypass, were 
studied. Ages ranged from 40 to 61 years 
and body surface area (BSA) from 1.7 to 


of 11 torr in 40 patients. A reduction in Расо» 
from 37 to 25 torr increased mean arterial 
blood pressure (MAP), central venous pressure 
(CVP), and the volume of blood stored in the 
extracorporeal circuit, signifying an overall 
reduction in the intravascular capacity. This 
was associated with a decrease in total Oz 
consumption (Voz). An abrupt increase of 
Расо» from 26 to 37 torr produced a decrease 
in MAP, in CVP, and in the reservoir blood 
level, signifying blood *take up" by the patient. 
There was also an associated increase in Vo». 


2.2 sq m. Premedication consisted of 100 
mg of secobarbital and 0.5 mg of scopola- 
mine, given IM 60 minutes before induc- 
tion. Anesthesia was induced with 200 to 
450 mg of thiopental IV, and a cuffed endo- 
tracheal tube was placed after IV adminis- 
tration of 100 mz of succinylcholine. Anes- 
thesia was maintained with 1% halothane 
in Op. 


The heart was approached through a mid- 
line sternotomy and the pericardium was 
opened. Venous catheters were inserted into 
the venae cavae through a right atriotomy. 
The arterial line from the extracorporeal 
oxygenator to the patient was inserted into 
the ascending aorta. A roller pump-bubble 
oxygenator (Bentley) provided a pump out- 
put (Qp) of approximately 2.3 L/min/sq m 
BSA. The pump was initially primed with 
1000 ml of ACD whole blood (heparin, cal- 
cium gluconate, and tris buffer added) , 500 
ml of lactated Ringer’s, and 500 ml of 5% 
D/W. During the bypass interval, 1% halo- 
thane was continuously administered via a 
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Fluotec* vaporizer inserted in the extra- 
corporeal oxygenating circuit. The total gas 
flow through this circuit varied from 10 to 
14 L/min between patients but was held 
constant for each individual patient. Through 
change of water temperature in the heat 
exchanger, all patients were internally cool- 
ed or warmed, as measured by an esopha- 
geal thermistor placed in the midesophagus. 


The ventilating gas was either 100% O, 
or a mixture of O.-CO., (98:2). Switch from 
one to the other did not alter the total gas 
flow rate. 


In one group of patients, bypass was ini- 
tiated using the O.-CO, ventilating mixture, 
which was continued for the entire 1st hour, 
during which perfusion stabilized to con- 
stant output, constant arterial and venous 
pressures, and constant equilibrium volume 
between the patient and the extracorporeal 
circuit. Temperature also stabilized during 
this time. Qp was not changed during the 
study period. Arterial and mixed venous 
blood samples were drawn from the pump- 
oxygenator lines, iced, and rapidly analyzed 
for Paco», pH, and Pao. by a Model 113 
Instrumentation Laboratories blood-gas an- 
alyzer, with corrections made for tempera- 
ture differences between patient and ana- 
lyzer. From these measured values, O, con- 
tent was derived and used in conjunction 
with the constant Өр to calculate O, con- 
sumption by the Fick equation. Subsequent- 
ly, Paco, was abruptly reduced by switch- 
ing the extracorporeal circuit ventilating gas 
to 100% O». Blood samples were drawn at 
the end of 30 minutes and analyzed as be- 
fore. 


In another group of patients, bypass was 
initiated using 100% O, as the ventilating 
mixture for the 1st hour, then switching to 
the О,-СО, mixture. 


The statistical significance of the changes 
in mean arterial blood pressure (MAP), 
mean central venous pressure (MCVP), 
change in bypass reservoir volume, and Vo. 
was determined by Student's t-test for 
paired data. The values obtained after 1 
hour of constant esophageal temperature on 
bypass were compared with those obtained 
30 minutes after the induced change in 
Paces. 


During 6 operations in which the body 
temperature was maintained at a constant 
value for 2 hours or more, the ventilating 
gases were repeatedly alternated at 30-min- 
ute intervals. 
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RESULTS 
During the bypass observation period, 
average body temperature of all patients 
was 34 (range 32 to 37 C), and the average 
hematocrit was 34% (range 28 to 36). 


After a steady state had been established, 
change in Paco, resulted within several 
minutes in changes in MAP, MCVP, and 
redistribution of blood between the extra- 
corporeal reservoir and the patient. These 
vascular changes persisted during the 30- 
minute interval until the venous and arte- 
rial blood samples were drawn. 


Switching the extracorporeal gas mixture 
from CO.-O, to 100% О, (table 1) pro- 
duced an average Paco. decrease of 12 torr 
from an average baseline of 37 torr. With 
Qp remaining constant, MAP increased 
(average 23 torr), MCVP increased (aver- 
age 3 torr), the volume of blood stored in 
the extracorporeal reservoir increased (aver- 
age of 400 ml), and the total body Vo. de- 
creased an average of 7 ml/min/sq m. 


Starting from an average Paco. of 26 torr, 
changing the ventilating gas from a mixture 
containing only О, to one containing CO,- 
O» (table 2) increased the average Paco, 
by 11 torr and resulted in a decrease in 
MAP, MCVP, and extracorporeal reservoir 
blood level (400 ml), and increased aver- 
age total body Vo, 8 ml/min/sq m. 


An example of values obtained in a 40- 
year-old man (figure) shows the repeatable 
changes in venous and arterial pressures, 
reservoir volume, and Vo, that resulted as 
the Paco, was altered from high CO, (2) 
to low (0) to high (2) and again to low (0) 
at half-hour intervals over a 2-hour period 
during which Qp was constant. Similar re- 
sponses to changes in Paco. were observed 
in the other 5 patients studied for as long 
as 2 hours. 


DISCUSSION 


Study during cardiopulmonary bypass 
eliminated direct CO.-cardiac effects!" and 
tested the effect of CO. changes on the 
peripheral circulation and/or related altera- 
tions of body metabolism. Keeping the Ор 
constant throughout the observation period 
accentuated the overall vascular changes by 
eliminating the usual response of the pump 
running on automatic control to changes in 
reservoir volume or the response of the per- 
fusionist to vascular-pressure changes. In a 
situation where CO, is being eliminated, the 
MABP abruptly increasing concurrently 
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TABLE 1 
Vascular Changes After a Step Decrease in Paco; During Cardiopulmonary Bypass 


л 


Vo», 


Reservoir 








Temperature, Pacos, torr ml /min/sq m BP, torr СҮР, cm H2O — volume (X100), ml 
C A* вї А А B A B A B 
1 34 34 23 90 9 60 90 5 12 14 19 
2 34 34 26 121 100 70 80 5 10 10 17 
3 32 35 25 66 68 70 75 4 1 18 15 
4 32 34 23 75 6 60 65 5 5 10 11 
5 37 36 26 81 15 60 100 4 9 11 17 
6 37 34 26 86 75 60 90 5 10 12 19 
Т 36 33 26 75 74 80 80 4 4 10 11 
8 36 37 22 80 0 60 100 4 8 9 14 
9 34 37 22 62 5 75 100 4 10 10 16 
10 32 34 28 56 3 70 70 5 6 T3 12 
11 32 42 25 65 57 60 90 5 7 10 14 
12 32 31 20 89 5 70 100 6 10 10 16 
13 34 42 25 95 90 60 85 5 5 11 13 
14 34 35 28 90 86 60 90 6. 20 11 14 
15 37 37 27 100 92 70 100 4 10 10 19 
16 32 43 26 83 85 60 70 3 6 11 15 
ET 34 36 26 58 62 60 80 T 9 11 13 
18 34 36 26 104 96 60 100 6 8 10 15 
19 34 38 25 108 106 80 80 6 10 13 15 
20 37 40 24 92 82 60 90 4 8 10 15 
21 32 38 24 88 76 60 100 5 5 9 13 
22 32 40 28 96 88 60 95 4 9 1 15 
28 34 36 25 90 78 "0 95 5. 10 11 17 
Mean 34 37 25 85 78 65 88 5 8 11 15 
SE 0.6 0.4 3.4 2.8 14 23 02 0.5 0.25 0.48 
p «0.001 «0.001 «0.001 «0.001 «0.001 «0.001 





*А, values obtained after 1 hour of constant esophageal temperature on bypass. 
1B, values obtained 30 minutes after induced change in Paco». 


with an increase in CVP would ordinarily 
prompt the perfusionist to reduce the pump 
flow rate, consequently restoring the pres- 
sures to original values. Switching from О, 
іо CO», MAP decreases and the volume de- 
creases in the reservoir, and the usual ma- 
neuver is to add volume to the system and 
increase Qp, thus increasing the pressure. 
No case is included in this study that re- 
quired a change in pump rate or the addi- 


tion of volume expanders to compensate for 
changes in volume shifts or arterial pres- 
sure. 


The changes described resulted from a 
relatively small Paco, alteration within the 
total range of 20 to 40 torr, the usual oper- 
ating area during cardiopulmonary bypass, 
and demonstrate an additional determinant 
of the distribution of blood flow!! and of 
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TABLE 2 
Vascular Changes After a Step Increase in Paco; During Cardiopulmonary Bypass 





Vos, Reservoir 











Temperature, Pacos, torr ml/min/sq m BP, torr СУР, cm H2O — volume (X100), ml. 
с A* вї А B A B A B A B 
1 34 30 41 96 103 90. X0 11 6 25 21 
2 32 30 40 55 58 "0 70 5 5 23 28 
3 34 30 36 90 98 80 65 8 4 22 19 
E 34 21 37 82 90 80 70 9 6 25 22 
5 37 26 36 89 86 80 80 4 6 20 22 
6 34 24 35 83 92 90 "5 10 5 22 16 
7 34 30 41 58 62 80 75 8 6 19 16 
8 37 33 41 96 104 80 70 11 T 30 25 
9 3T 20 36 119 3137 100 50 12 6 20 16 
10 32 25 32 75 91 90 50 12 7 20 15 
11 34 25 34 100 110 90 65 10 5 25 20 
12 34 28 40 85 94 90 55 10 4 20 16 
13 34 26 38 82 93 85 40 8 6 22 18 
14 34 26 36 "9 96 90 40 9 6 23 17 
15 36 26 39 88 92 90 50 11 5 30 24 
16 36 25 36 78 84 100 60 11 4 20 16 
17 34 25 37 76 85 100 50 10 6 19 15 
Меап 34 26 37 84 92 87 60 9 5 22 18 
SE 0.7 0.6 3.0 4.2 2 3 05 02 0.83 0.81 
p «0.001 <0.001 «0.001 «0.001 «0.001 «0.001 





*A, values obtained after 1 hour of constant esophageal temperature on bypass. 
1B, values obtained 30 minutes after induced change in Paco». 


Vo». during bypass.!? When Расо, was de- 
creased and vascular redistribution occurred, 
blood was stored extracorporeally, an option 
denied the intact body, which may account 
in part for the failure to demonstrate the 
increases in VO, reported with hypocap- 
nia. 9.7.18 


The vascular changes due to the relative 
changes in Paco, are in agreement with pre- 
vious investigations concerning the role of 
CO, in circulatory dynamics.!!*!5 When 
Paco, was increased from the baseline of 
the hypocapnic situation, Vo. was increased 
as the patient’s blood volume was expanded 
and perfused at low venous and arterial 
pressures. Vascular changes were in most 
instances more pronounced than the quanti- 
tative changes in Уо», and the greatest 


change in circulatory volume was not neces- 
sarily reflected in a similar change in Vo»; 
this is consistent with the findings of 
Stainsby and Otis! in regard to blood flow 
and O, uptake in skeletal muscle. 
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FIGURE. Repeatable changes in vascular volume 
shift, vascular pressures, and whole body Vo, as 
CO, concentration is switched at half-hour intervals 
from 0 to 2% in bypass oxygenator ventilating-gas 
mixture in 40-year-old man; CONSTANTS: tem- 
perature (35 C), hematocrit, 195 halothane anes- 
thesia, pump output. Extracorporeal volume change 
refers to changes in oxygenator blood level, using 
initial hypocapnic state as reference level. 
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DOPAMINE VS DOBUTAMINE The cardiac and systemic hemodynamic effects of 


dopamine and dobutamine were measured in anesthetized dogs. 


Dopamine increased 


HR only when infusion rates reached 10 ug/kg/min while dobutamine produced dose 


related increases between 2 and 32 ug/kg/min. 


Dopamine increased mean arterial 


pressure at infusion rates above 5 ug/kg/min while no change occurred with dobuta- 
mine at any dose. Dobutamine increased cardiac output more than dopamine. Dopa- 
mine infusions up to 10 „g/kg/min increased renal and mesenteric blood flow while 


dobutamine had negligible effects. 


These data confirm that both these sympatho- 


mimetic amines exert positive inotropic effects but cause different responses in the 
peripheral vasculature. (Robie NW, Goldberg LI: Comparative systemic and regional 
hemodynamic effects of dopamine and dobutamine. Am Heart J 90:340-345, 1975) 
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Answers 


We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: Please comment on the use of 
NaHCO, with the administration of bank 
blood. I am familiar with the recommenda- 
tion of Howland as to the administration of 
NaHCO,; however, our surgeons recently 
have said their literature now states this is 
contraindicated. 

MD, Michigan 


ANSWER #1: . anesthetists must be 
ever alert to the patient as an individual 
with his own peculiar responses to stress. 
This means that rigid application of routines 
for management must be avoided."! 


“ 


“The occurrence or severity of metabolic 
acidosis in patients requiring massive blood. 
transfusion is not predictable: thus the rou- 
tine administration of bicarbonate is not 
warranted.”* 


Administration of bicarbonate should be 
governed by the patient’s acid-base status. 
Although Howland routinely administers 
44.6 mEq of NaHCO, for every 5 units of 
bank blood, he states: “If blood gas studies 
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are continuously available, sodium Ыёаг- 
bonate can be given only as required."? 


If blood-gas studies are not available, the 
question becomes more complex. Under such 
circumstance, the decision to administer 
NaHCO, should be governed by the pa- 
tient's circulatory status—that is, a warm, 
pink, dry patient probably doesn't need 
NaHCO, empirically; a hypoperfused pa- 
tient may.* 


'The hazards of routine administration of 
NaHCO, during massive blood transfusion 
include: (1) worsening of posttraumatic 
alkalosis with well-known effects on the oxy- 
hemoglobin-dissociation curve, increased 
myocardial irritability, and possibly vaso- 
constriction,® and (2) increased Na load in 
patients with sodium-retaining tendencies. 


I recommend Miller's review on “Trans- 
fusion Therapy and Associated Problems," 
in vol 1 of the ASA Regional Refresher 
Courses in Anesthesiology, for a brief, con- 
cise review of the problem. 
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R. Dennis Bastron, MD 
Department of Anesthesiology 
University Hospital 

Iowa City, Iowa 


ANSWER £2: All references to blood trans- 
fusion should specify rates. Administration 
of 10 units of bank blood in 10 hours or in 
30 minutes obviously present different situ- 
ations. Also, if the patient's acid-base status 
can be assessed after every 5 units of bank 
blood, no routine administration of NaHCO, 
is necessary. We have attempted avoiding * 
buffering during rapid blood replacement, as 


Questions and Answers 


suggested by Miller and associates, and 
found that our patients became acidotic. 
'The dangers of alkalinization of patients are 
mainly theoretic; using routinely 44.6 mEq 
of NaHCO, for every 5 units of bank blood, 
marked metabolic alkalosis does not occur. 


In our last 22 patients given 32.8 + 13.7 
units of CPD blood, the pretransfusion blood 
level of СО,, 26.4 + 2.5 mEq/L, was raised 
at the end of transfusion (20 to 78 units) to 
only 31.8 + 4.1 mEq/L, a figure only slight- 
ly elevated beyond the normal range in our 
laboratory (26 to 29 mEq/L). This moder- 
ate alkalosis is certainly preferable in our 
opinion to the dangers of acidosis. It should 
also be noted that there is a marked differ- 
ence in the basic cardiovascular status of 
young servicemen and middle-aged and 
elderly cancer patients.? 
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Department of Anesthesiology 
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QUESTION: Kindly advise me on the use- 
fulness of preoperative determination of 
blood volume. 


MD, Massachusetts 


ANSWER £1: Blood-volume measurements, 
forgotten in many hospitals, are extremely 
useful in the management of selected pa- 
tients undergoing surgical procedures. At 
Memorial Hospital we recommend that ini- 
tial baseline measurements be done in those 
patients in whom: 


1. Unusual blood or fluid loss can be ex- 
pected during surgical intervention. 

2. Cardiac insufficiency or metabolic dis- 
turbances result in body fluid imbalance. 


If circulatory instability then ensues dur- 
ing the hospital stay, subsequent determina- 
tions are an aid in patient management. 


Blood-volume measurements are not uni- 
versally accepted, however, as essential in 
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patient care. There are several reasons for 
this: 


1. Many clinicians feel that if they are 
able to measure central venous pressure 
(CVP) and monitor urine output, they are 
able to control most acute situations. It is 
entirely possible, however, for a heart to 
fail in association with a contracted blood 
volume. The rising CVP and decreasing 
urine output may then be misinterpreted. 


2. A common criticism is that blood-vol- 
ume measurements are inaccurate, especial- 
ly those done with plasma tags. We found 
that they are highly reproducible if scrupu- 
lous attention is paid to technic. 


3. Tracer loss with blood or plasma can 
be a problem during acute situations. This 
problem, too, can be lessened to some ex- 
tent if samples are drawn at 10, 15, and 20 
minutes and results extrapolated to zero 
time. 


4. Isolated blood-volume measurements 
are of questionable help in that obesity, 
weight loss or gain, extremes of age, and sex 
alter so-called normal values. For that rea- 
son, we feel it is essential to do serial deter- 
minations, starting with a baseline if pos- 
sible, in our complicated fluid-balance prob- 
lems. 


Although the usual surgical patient can 
be managed by monitoring vital signs, urine 
output, and CVP, blood-volume measure- 
ments are important in caring for patients 
with extraordinary fluid and circulatory 
problems. 


Patricia Underwood, MD 

William S. Howland, MD 

Department of Anesthesiology 

Memorial Center for Cancer and 
Allied Diseases 

New York, New York 


ANSWER #2: One major advantage of pre- 
operative blood-volume measurement is defi- 
nition not only of total circulating blood 
volume but also quantification of the plasma 
and red-cell fractions, giving more informa- 
tion than just hemoglobin and hematocrit 
determinations. For example, low hemo- 
globin and hematocrit values can be associ- 
ated with a high blood volume composed of 
a normal red-cell volume and a high plasma 
volume. Thus the apparent anemia indicated 
by a low hemoglobin value is misleading. 
Second, by knowing the actual preoperative 
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plasma and red-cell volumes, the adequacy 
of transfusion can be checked postoperative- 
ly against an accurate standard for each in- 
dividual patient. This allows additional 
transfusion therapy with the most appro- 
priate blood component, reducing the risk to 
the patient of overtransfusion and exposure 
to blood-group antigens. Just as important, 
it allows more efficient use of blood-bank 
resources. 


Sheila M. Muldoon, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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QUESTION: А 65-year-old hypertensive pa- 
tient is on diuretic therapy and in generally 
good health. Potassium is 3 mEq/L (normal 
= 3.5 to 5 mEq/L). He is having an elective 
herniorrhaphy. Please indicate management 
if: (a) Patient is seen in the operating room 
just before proposed operation (when K* 
results have just come back); (b) On pre- 
operative rounds the night before operation; 
(c) Several days prior to proposed opera- 
tion. Would a K* of 2.5 mEq/L alter your 
management? How would you manage a 
patient with low K* for emergency surgery? 
Should all patients on diuretic therapy have 
preoperative electrolytes determined? 


MD, Georgia 


ANSWER £1: Chronic diuretic therapy with 
K' depletion presents a serious hazard to 
the patient on digitalis therapy and occa- 
sionally when the need arises to reverse the 
action of muscle relaxants. A rigid approach 
to this predicament is impossible; we can 
only propose certain useful guidelines. Se- 
rum electrolyte concentrations are at best a 
poor guide to the magnitude of K* depletion. 


'Total body potassium content in the hu- 
man adult is approximately 4000 mEq, of 
which 1% is in the extracellular compart- 
ment.! Enormous deficits may accrue with 
a relatively small decrease in serum K', 
which emphasizes the difficulty encountered 
in the evaluation of potassium balance. Al- 
though some anesthesiologists may succumb 
to the temptation and cancel the planned 
operation in circumstances described under 
(a), such a unilateral move is not necessar- 
ily warranted or useful. First, a decision as 
to replacement therapy must be formulated 
clearly if the patient is to be anesthetized 
at a future date. Clearly, an objective evalu- 
ation of K* repletion requires close measure- 
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ment of potassium intake and output, a фго- 
ject not recommended for routine use. Giv- 
en the conditions described, a patient in 
good health who requires an elective her- 
niorrhaphy and whose serum K'is 3 mEq/L 
can be operated on under regional or gen- 
eral anesthesia. If there is concern regard- 
ing fluctuations in the serum К°, samples 
may be drawn during and immediately fol- 
lowing operation. Potassium is a potentially 
lethal drug. In a non-digitalized patient and 
in the absence of cardiac arrhythmias I pre- 
fer not to start replacement therapy while 
the serum K* has decreased to 2.5 mEq/L. 


Unfortunately, even under ideal condi- 
tions, most laboratories will not report re- 
sults back in less than 60 minutes, thereby 
making acute replacement difficult. If de- 
sired, additional K* can be administered IV 
as KCl solution at a rate not to exceed 0.2 
mEq/kg/hr through a central venous line. 
( Potassium solutions must never be admin- 
istered through a peripheral IV). 


If the patient is seen several days before 
operation, an increase in oral К” replace- 
ment is advisable. Such therapy is best not 
carried out for more than 2 to 3 days, as it 
has been known to result in intestinal ulcera- 
tion. 


If the serum K* is below 2.5 mEq/L or 
emergency surgery is required, an IV infu- 
sion is in order, as indicated above, followed 
by repeated measurements of serum K* at 
2-hour intervals until the concentration has 
stabilized in the normal range. Although 
objective reasons can be listed why any one 
mode of anesthesia is to be preferred over 
another, the choice is generally subjective, 
and good data on morbidity are unavailable. 


Digitalis toxicity and emergency surgery 
are not an infrequent combination. In this 
setting, anesthetics should be chosen care- 
fully, in view of the propensity to lethal 
cardiac arrhythmias during transient epi- 
sodes of hypokalemia. Except for the pa- 
tient with massive burns, extensive muscle 
wasting secondary to neurologic disease, 
chronic renal failure, or acute metabolic 
acidosis following circulatory arrest intra- 
operatively, hypokalemia is more common 
than appreciated. 


Intraoperative monitoring of serum K' is 
not yet considered a routine procedure in 
the critically ill except for open-heart sur- 
gery. Until such time that these measure- 
ments will be available, it is likely that. 
disturbances of cardiac rhythmicity during 
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emergency operations may not be recog- 
nized as being secondary to hypokalemia. 


Myron B. Laver, MD 

Harvard Medical School 
Massachusetts General Hospital 
Boston, Massachusetts 02114 
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ANSWER #2: The case presents a difficult 
clinical question. While it would be gen- 
erally agreed that severe hypokalemia in- 
creases the incidence of cardiac arrhythmias, 
the risk of moderate levels of hypokalemia 
combined with the pharmacologic and physi- 
ologic trespass of anesthesia and surgery is 
not well established. Levels of serum K* not 
hazardous in the unanesthetized patient 
may cause serious problems during anesthe- 
sia. Acute changes in serum K^ occur in 
response to commonly used anesthetic 
agents and neuromuscular-blocking drugs.!.? 


Respiratory alkalosis and acidosis during 
anesthesia can effect serum К” and may ini- 
tiate cardiac arrhythmias.? Low extracellu- 
lar K^ and the resultant increased rate of 
diastolic depolarization* may potentiate, or 
increase in frequency, ventricular arrhyth- 
mias, which occur commonly during anes- 
thesia. Whether the hazard of arrhythmia 
is due to the low serum К“, total body po- 
tassium depletion, or to an abnormal ratio 
of intracellular:extracellular K* is not clear. 


However, even a small risk of increase in 
potentially hazardous cardiac arrhythmias 
indicates delay in elective surgery to per- 
mit replacement therapy, allowing adequate 
time for equilibration, particularly in pa- 
tients who have a history compatible with 
total body potassium depletion. 


Therefore, in this patient with vascular 
disease and on chronic diuretic therapy, it 
would be wise to postpone elective surgery 
to allow for replacement therapy even though 
hypokalemia is recognized shortly before 
scheduled operation. We prefer to use an 
oral replacement with a liquid preparation 
of KCl, with which it is usually possible to 
correct moderate hypokalemia in 24 to 48 
hours. A repeat serum K^ and an ECG 
rhythm strip should be obtained to ascertain 
adequacy of treatment prior to proceeding 
with the operation. 
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Although it is not possible to adequately 
set limits of serum K* for elective surgery, 
we have used 3.2 mEq/L as an accepted 
level in otherwise healthy patients without 
ECG evidence of hypokalemia. However, 
clinical judgment must prevail in these bor- 
derline cases, since definitive safe levels 
have not been established. 


In a patient scheduled for emergency 
surgery, К” depletion should be corrected 
prior to operation, when possible, as should 
other electrolyte and acid-base abnormali- 
ties, always weighing the risk of delay 
against the urgency of the surgical proce- 
dure. ECG monitoring should accompany 
attempts to rapidly replace K* by the IV 
route. 


Since most diuretic therapy leads to in- 
creased K^ excretion and potentially to K* 
depletion, patients on diuretic therapy should 
have preoperative electrolyte determination. 


Carl A. Smith, MD 

Director 

Department of Anesthesiology 

Crawford W. Long Memorial 
Hospital 

Atlanta, Georgia 
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QUESTION: . but for the (extremely 
rare) absolute contraindications, and (or) 
the “stonewall”? resistance of an occasional 
patient to a regional, and (or) the lack of 
skill on part of the anesthesiologist necessi- 
tating it, is there any place for general anes- 
thesia for adults in this day and age replete 
with knowledge of its (GA) dangers? 


MD, Illinois 


ANSWER #1: Upon reflection of the many 
serious general anesthesia problems whose 
etiology and significance is unknown (ma- 
lignant hyperthermia, “halothane hepatitis,” 
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trace elements of anesthetic agents, hyper- 
kalemia-trauma-succinylcholine, abnormal 
pseudocholinesterases, irreversible pancuro- 
nium, *dual block," to enumerate a few), 
perhaps it is logical to seriously consider the 
relative merits of regional versus general 
anesthesia in adults. 


It is well confirmed that properly admin- 
istered peripheral nerve block for surgical 
anesthesia has the advantage over general 
anesthesia in that it does not upset general 
body physiology, e.g., depressed respiration, 
hypotension, cardiac arrhythmias, nausea, 
vomiting and regurgitation, and oliguria. By 
carrying pain relief into the postoperative 
period, peripheral nerve block decreases the 
need for narcotics, with their respiratory de- 
pression and complications. Because of the 
safety of regional anesthesia and the prob- 
lems associated with general anesthesia, it 
would seem that, objectively, regional anes- 
thesia should be chosen unless general anes- 
thesia is specifically indicated. 


Other than for the reasons enumerated in 
the question, I believe that general anesthe- 
sia is “indicated” for open-chest surgery, 
particularly cardiopulmonary bypass or cor- 
onary grafts. Patients with severe angina 
may be poor candidates for regional anes- 
thesia because of the fine line between ap- 
prehension and (or) angina and depression 
from “sedation.” According to Smith and 
Wollman,! general anesthesia seems to im- 
prove tolerance to cerebral ischemia, so that 
it might be preferred for carotid endarter- 
ectomy, although this is debated in vascular 
surgical circles.? 


In summary, I would prefer to reword the 
question to say, “In this day and age with 
knowledge of general anesthesia dangers, 
does general anesthesia deserve the place it 
now holds in routine anesthesia practice 
(approximately 85% of the anesthesia is 
general)? 'The answer to that question is a 
resounding NO!!! 


L. Donald Bridenbaugh, MD 
Department of Anesthesiology 
Mason Clinic 

Seattle, Washington 
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ANSWER #2: It is hardly appropriate ‘to 
relegate general anesthesia to a category of 
being used only if regional anesthesia is con- 
traindicated or impossible. Over the last 25 
years, we have been fortunate in having had 
a variety of new general anesthetic agents 
developed. As a devotee of both regional 
and general anesthesia, I think we are for- 
tunate to have such a wide repertoire of 
technics and agents available for our use. 
The anesthetic management of a patient 
should be tailored to fit the whole patient’s 
needs, both surgical and psychological. With 
our extensive armamentarium of both gen- 
eral and regional anesthetic agents and tech- 
nics, this is possible. 


The questioner implies that the dangers 
of general anesthesia are greater than those 
of regional anesthesia. Documentation of 
this is lacking. Anecdotal reports can be 
found for each side of this question, but 
truly significant comparative studies have 
not been reported. 


Operations on the upper extremities and 
distal to the diaphragm may be easily and 
relatively simply managed with regional an- 
esthetic technics in the appropriate patient. 
Most other surgical procedures become a 
“tour de force” for regional anesthesia and 
are better managed with a general anes- 
thetic. 


Slightly over 50% of the anesthetics in 
the United States are administered by nurse 
anesthetists. It would be logistically im- 
possible at this point to train nurses in the 
technics of regional anesthesia. 


Finally, the patients in this country are 
accustomed to the concept of general anes- 
thesia for surgical operations. This is a po- 
tent psychologic force which would be ex- 
tremely difficult to overcome. To overcome 
this attitude, if this were desirable, would 
require a generation or more. 


In summary, considering the operation to 
be performed, the mental attitude of the 
patient, the training and capabilities of the 
anesthetist, and the prejudices of our medi- 
cal and surgical colleagues, there will always 
be room for both regional and general anes- 
thesia. Only with this attitude are we able 
to make the anesthetic fit the patient’s 
needs, rather than vice versa. 


George E. Battit, MD 

Department of Anesthesia 
Massachusetts General Hospital * 
Boston, Massachusetts 
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The Effects of Doxapram on Cerebral Blood Flow and Peripheral 
Hemodynamics in the Anesthetized and Unanesthetized Goat 


DAVID J. MILETICH, PhD* 
ANTHONY D. IVANKOVICH, MDf 
RONALD F. ALBRECHT, MD: 
ROGER Р. BONNET, MDS 
CHARLES R. REIMANN, МР 


Chicago, Шіпоіѕ* * 


The effects of doxapram on cerebral blood flow 
(CBF) and peripheral hemodynamics were 
evaluated in the goat after direct injection into 
the cerebral circulation and after peripheral 
IV administration. Doxapram injected centrally 
via the temporal artery, in doses too small to 
affect peripheral circulation, produced an im- 
mediate and prolonged decrease in CBF in 
both anesthetized and unanesthetized goats. 
The reduction in CBF was considered not to 
be due to changes in blood СО» concentration, 
since blood flow decreased immediately after 
injection and as reduction in CBF occurred in 
the absence of changes in blood CO.. 

Peripheral IV administration of doxapram in 
clinical doses to anesthetized and unanesthe- 


Res concerning the use of doxapram 
in both man and animals have indi- 
cated that this agent initiates cardiovascular 
alterations, characterized by moderate in- 
creases in blood pressure, heart rate, and 
cardiac output.'* In most instances, cardio- 
vascular changes due to doxapram adminis- 
tration appear tolerable in view of the clini- 
cal benefit from its use. However, it has 
been demonstrated that prolonged oral ad- 
ministration of doxapram to dogs produces 
petechial perivascular hemorrhages in brain 


tized goats produced a biphasic cardiovascular 
response. Cerebral blood flow, cardiac output, 
blood pressure, and heart rate decreased 
abruptly, but with the exception of CBF, these 
parameters returned to or exceeded preinjec- 
tion values within 30 seconds. Cerebral blood 
flow slowly returned to preinjection values 
(within 10 minutes) and, in the case of unanes- 
thetized animals and anesthetized animals 
ventilated with room air, rose substantially 
above preinjection levels, reaching a peak 20 
minutes after injection. The latter observation 
is thought to be a compensatory reaction to the 
reduction in CBF; it was not evident in anes- 
thetized animals ventilated with 100% Oz. 


tissue similar to the hemorrhage seen after 
ischemic hypoxia." 


Funderburk and associates? concluded 
that doxapram did not possess direct cere- 
bral vasoactivity but influenced cerebral 
blood flow ( CBF) secondary to its effect on 
respiration and blood gases. Contrary to this 
conclusion, we have observed that doxa- 
pram abruptly decreases CBF in both anes- 
thetized and unanesthetized goats in a way 
not related to changes in blood gases. It 
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was the purpose of this study, therefore, to 
simultaneously evaluate the effects of doxa- 
pram on CBF, blood gases, and cardiovascu- 
lar hemodynamics, in order to gain a better 
understanding of the way in which doxa- 
pram influences cerebral blood flow. 


METHODS 

The studies were performed with a re- 
cently developed animal model for the con- 
tinuous measurement of ipsilateral hemi- 
spheric CBF in the unanesthetized, unre- 
strained goat. We confirmed the validity of 
this approach for the study of CBF by the 
technic of radioactively labeled micro- 
spheres.‘ Anatomic description of the goat 
cerebral vasculature and methodology em- 
ployed have been described elsewhere.5.? 


Briefly, total blood flow to each hemi- 
sphere is provided by a single external caro- 
tid artery. The external carctid bifurcates 
extracranially, forming the lingual and in- 
ternal maxillary arteries. Two major vessels, 
the ramus anastomoticus and arteria anas- 
tomotica, arise from the internal maxillary 
and enter the cranial vault, where they 
empty into the rete mirabile. Branches from 
the internal maxillary also supply blood to 
the extracerebral tissues via the buccinator, 
ethmoidal, and ophthalmic arteries. The rete 
mirabile consists of a compact network of 
intertwined, freely anastomosing arteries. 


In the goat, a high degree of contralateral 
communication exists across the midline of 
the brain between each side of the rete. The 
vascular communication is so extensive that 
the two structures are virtually one. How- 
ever, physiologic separation is maintained 
when the blood pressure in each side is 
equal. Abnormally low blood pressure in 
one rete incurs blood flow from the opposite 
rete, thus maintaining adequate blood flow 
to each hemisphere. In the geat, the verte- 
bral arteries do not contribute to the cere- 
bral blood supply. 


Ten mature female goats weighing 30 to 
40 kg were surgically prepared for study as 
described by Reimann’s group.? Anesthesia 
was induced with mask-administered halo- 
thane after which the animal was intubated; 
artificial respiration was maintained by an 
Ohio respirator with 1.5% halothane in 
100% О». An esophageal gastric tube was 
inserted to prevent vomiting and aspiration. 
A lateral incision was made along either 
the right or left mandible and a small por- 
tion of the mandible was remcved to expose 
the internal maxillary, ramus anastomoticus, 
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temporal, and dental arteries. Ligatures 
were placed around the internal maxillary 
distal to the ramus anastomoticus and on 
the temporal and dental arteries. Blood flow 
through the ophthalmic, ethmoidal, and buc- 
cinator arteries was obliterated by slowly 
injecting 1 to 2000 NIH units of thrombin 
in 0.5 ml of saline solution into the internal 
maxillary artery anterior to the site of liga- 
tion. The injected thrombin produced imme- 
diate clotting, as was evident by the appear- 
ance of thrombosed vessels in the sclera and 
postsurgical ipsilateral blindness. An elec- 
tromagnetic flow probe was then placed 
around the internal maxillary. After this, 
under direct vision, a small catheter was 
placed into the temporal artery and ad- 
vanced a distance of approximately 0.5 cm 
to the juncture of the temporal and maxil- 
lary arteries. Care was taken to avoid pro- 
jection of the tip of the catheter into the 
maxillary artery. The catheter and leads 
from the electromagnetic flow probe were 
then externalized and secured to the goat’s 
horn. The incision site was appropriately 
closed for proper healing. 


Following this procedure, a right thora- 
cotomy was performed and an electromag- 
netic flow probe was placed around the pul- 
monary artery for the measurement of car- 
diac output. Chronic femoral artery and 
venous catheters were then implanted. After 
completion of the surgical procedure, the 
animals were permitted to recover for at 
least a period of 1 week to 10 days before 
study. 


Upon recovery, the animals were given 
doxapram either in small doses (4 mg) via 
the temporal artery catheter or IV via the 
femoral venous catheter in recommended 
clinical doses (1 mg/kg). The goats were 
studied in both the awake and halothane- 
anesthetized (usually 1.5%/100%) state. 
In the anesthetized animals, respiration was 
controlled by an Ohio anesthesia ventilator. 
Paralysis was induced when necessary by 
succinylcholine. Arterial blood samples were 
drawn at various intervals after doxapram 
injection for blood-gas analysis. Cerebral 
blood flow and cardiac output were continu- 
ously measured with a Statham electromag- 
netic flowmeter (model 2200). 


Statistical significance of blood-gas changes 
following doxapram was determined by one- 
way analysis of variance. Significance of 
other parameters was evaluated under the 
null hypothesis, assuming an equal oppor- 
tunity for no change, an increase, or a de- 
crease in any parameter following doxapram. 
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Fic 1. Typical cardiovascular changes in the unanesthetized goat after temporal artery injection of 4 


mg of doxapram. Paper speed 2.5 mm/sec. ICBF = ipsilateral cerebral blood flow in ml/min, CO = 
cardiac output in L/min. 


The probability of any situation occurring 
consecutively in multiple independent trials 
was therefore the product of its individual 
probability. 


RESULTS 


Figure 1 shows the effects of a bolus in- 
jection of doxapram (4 mg in 0.4 ml) via 
temporal artery catheter into the cerebral 
circulation of the unanesthetized goat. With- 
in 6 seconds after injection, CBF began to 
decrease abruptly and arterial blood pres- 
sure and cardiac output rose slightly. These 
effects were typically seen in both unanes- 
thetized and anesthetized animals. The dox- 
apram-induced reduction in CBF was some- 
what attenuated in the halothane-anesthe- 
tized animals (table 1). Halothane, a cere- 
brovascular vasodilator, may have opposed 
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the vasoconstrictive effect of doxapram dur- 
ing anesthesia. 


The hemodynamic alterations caused by 
a peripheral IV injection of doxapram (1 
mg/kg) in an artificially ventilated, anes- 
thetized goat are shown in figure 2 and sum- 
marized in table 2. Immediately after injec- 
tion, CBF, arterial blood pressure, heart 
rate, and cardiac output dropped sharply. 
Generally, all parameters returned to or ex- 
ceeded preinjection values after 3 minutes 
except for CBF, which in every case re- 
mained below preinjection values for a con- 
siderably longer period (6.2 + 2.4 minutes; 
mean + SD). Blood gases, particularly СО», 
did not fluctuate significantly during this 
period (table 3) . Intravenous administration 
of doxapram (1 mg/kg) produced similar 


TABLE 1 


Reduction in Ipsilateral Cerebral Blood Flow 
After Central Administration of Doxapram 
(4 mg) in the Anesthetized and 


Unanesthetized Goat 


ee 
Anesthetized Unanesthetized 





Control 
ipsilateral 
CBF 


30 sec 
(post- 
injection) 


93 + 18 ml/min 75 +13 ml/min 


74 + 6* 67 = 14* 
1 тіп 
(post- 
injection) 


72 + 6* 62 + 11* 





*Mean % + SD of control values, p < 0.05; n = 18. 


hemodynamic changes in unanesthetized 
and anesthetized goats (table 2). 


In addition to the “early” cardiovascular 
changes seen after IV doxapram adminis- 
tration, within 10 minutes postinjection, 
CBF was seen to increase above preinjec- 
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tion values in unanesthetized animals (fig 
3A) and in anesthetized animals ventilated 
with room air (fig 3B). This increase was 
generally seen 15 to 20 minutes after injec- 
tion and may have been a compensatory re- 
sponse to the prior CBF reduction. Anesthe- 
tized animals ventilated with 100% O, ex- 
hibited only a slight increase in CBF (fig 
3C). In unanesthetized animals, blood CO, 
concentrations at 20 minutes were lower 
than preinjection levels and therefore could 
not account for the elevated CBF seen in 
these animals (table 4). 


DISCUSSION 


In this study, the hemodynamic effects of 
IV doxapram and doxapram injected direct- 
ly into the cerebral circulation of anesthe- 
tized and unanesthetized animals were eval- 
uated. Immediately after injection, arterial 
blood pressure, cardiac output, heart rate, 
and CBF decreased abruptly. Approximate- 
ly 30 seconds after injection, these param- 
eters returned to preinjection values and in 








Fic 2. Typical cardiovascular changes in the anesthetized goat after IV injection of doxapram (1 mg/ 
kg). Paper speed 2.5 mm/sec. ICBF — ipsilateral CBF in ml/min, CO = cardiac output in L/min. 
Interruptions in blood pressure tracing due to blood-gas determination. 


А 


K 
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TABLE 2 
Cardiovascular Effects of IV Doxapram Injection (1 mg/kg) in the 
Anesthetized and Unanesthetized Goat 

ee ee 

Control values 30 seconds 1-2 minutes 5 minutes 20 minutes 

Anesthetized 
Ipsilateral CBF 94 + 12 ml/min "113: 8*T 70 + 67 86 + 8T 97 + 12 
Cardiac output 4.36 — 1.9 L/min 58 + 207 87 + 107 108-7 106 +5 
Heart rate 115 + 22 min 78 + 137 83 + 91 oT 106 + 5 
Mean arterial 94 + 7 torr 140. 257 129 & 9f 119 +18 109 +7 
blood pressure 
Unanesthetized 

Ipsilateral CBF 78 + 10 ml/min — 75.3: 8T — 152 + 21+ 
Cardiac output 5.22 + 2.1 L/min = 77 + 81 — 110 + 3f 
Heart rate 112 + 8 min — 87 + 3f — 99 +8 
Mean arterial 94 + 9 torr — 131 + 16+ — 103 +7 


blood pressure 


О 


* Values represent mean % + SD of control. 


Difference statistically significant from control values, р<0.05, n = 10. 


TABLE 3 


Arterial Blood Gas and pH Values After 
IV Doxapram Injection (1 mg/kg) in the 
Anesthetized Goat with Controlled 
Ventilation 


А 


Control 1 minute 5 minutes 





Pco,torr 34.3 + 6.2* 31.7 + 3.71 34.8 + 2.2 
Po.torr 3802-18 385 + 12 385 + 14 
pH 7.48 + 0.06 7.47 + 0.09 7.48 + 0.07 


a ML MED 
*Values represent mean = SD, n = 10. 
1No statistical difference. 


some instances rose above control values, 
with the exception of cerebral blood flow, 
which returned to preinjection levels after 
several minutes. These changes in CBF 
were not due to fluctuations in blood gases, 
since respiration was controlled and CO, 
levels held constant. Peripheral cardiovas- 
cular changes may have contributed to the 
early decrease in CBF, but peripheral hemo- 
dynamic parameters returned to normal or 
greater values long before cerebral blood 
flow. In addition, small doses of doxapram 
injected directly into the cerebral circula- 
tion via the temporal artery produced reduc- 
tions in CBF identical with those seen with 
clinical IV doses, but without peripheral 


. cardiovascular manifestations. 


The effects of doxapram on CBF and 


peripheral hemodynamics in the unanesthe- 
tized animal were similar to those seen in 
anesthetized animals with one important ex- 
ception. In the unanesthetized animal, CBF 
exhibited a protracted biphasic response. 
Immediately after the period of reduced 
flow, CBF rose gradually until above the 
preinjection level. It remained elevated for 
as long as 30 minutes in some instances be- 
fore returning to predoxapram levels. This 
pattern of blood flow is suggestive of the 
hyperemic response seen in tissues and or- 
gans following O» deprivation during a peri- 
od of reduced flow. 


Anesthetized animals may not have re- 
sponded in this fashion because they were 
ventilated with 100% O, and were not sub- 
jected to hypoxia as a result of the reduced 
cerebral blood flow. Supporting this hypoth- 
esis is the observation that CBF in anesthe- 
tized animals ventilated with room air be- 
haved much as that in unanesthetized ani- 
mals after doxapram injection. That these 
changes in CBF were not the result of 
changes in arterial blood CO, is evident 
from the fact that when CBF was elevated, 
CO, concentrations were below predoxa- 
pram values. However, it is possible that 
brain tissue concentrations of CO, built up 
during the period of reduced CBF could 
have elicited the subsequent cerebral vaso- 
dilation. 


It is not possible from the data presented 
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Fic 3. Serial presentation of cardiovascular changes after IV injection of doxapram (1 mg/kg). First 
panel in each series represents preinjection values; 2nd panel, the lowest point of CBF decrease (2 to 3 
min after injection); 3rd panel, the highest point in CBF increase (15 to 20 min after injection). A, un- 
anesthetized goat; B, anesthetized goat ventilated with room air; C, anesthetized goat ventilated with 
100% O». Paper speed 2.5 mm/sec in 1st two panels of each series and 0.4 mm/sec in 3rd panel of each 
series. ICBF — ipsilateral CBF in ml/min, CO — cardiac output in L/min. 


TABLE 4 


Arterial Blood Gas and pH Valves After 
IV Doxapram Injection (1 mg/kg) in the 
Unanesthetized Goat 








Control 20 minutes 
Pco;, torr 36.05 + 3.22* 31.9 + 3.93} 
Pos, torr 92+14 104 + 16+ 
pH 7.46 +0.02 751+0.04+ 





*Values represent mean + SD, n = 10. 
{No statistical difference. 


here to distinguish the mechanism or mech- 
anisms by which doxapram produced pe- 
ripheral cardiovascular depression and stim- 
ulation in both anesthetized and unanesthe- 
tized animals. A recent study has shown 
that doxapram is a nonselective medullary 
stimulant.| ^ Perhaps doxapram stimulates 
cardioregulatory regions in the brain as well 
as in areas involved in respiration. However, 
arguing against this is the observation that 
small doses injected directly mto the cere- 
bral circulation produced only mild periph- 
eral hemodynamic changes. 


The findings of this study directly con- 
tradict those previously reported,® that dox- 


apram produces cerebral vasoconstriction in- 
directly by inducing hyperventilation and 
lowering blood CO, concentrations. Our 
data indicate that doxapram constricts the 
cerebral vasculature in a way unrelated to 
changes in blood gases and peripheral hemo- 
dynamics. It should be noted that the for- 
mer study was based upon observations 
made in only two animals, and that blood 
flow in only a small area of the cortex of 
each animal was evaluated, factors that 
place severe restraints upon interpretation 
of the results. In addition, species difference 
could account for the variance of results 
seen between our data and those previously 
reported. 


The clinical significance of the effects of 
doxapram in the goat is at this point specu- 
lative. If CBF is reduced in humans when 
doxapram is administered, there may be a 
greater amount of O, extracted from each 
milliliter of blood perfusing the brain and 
no change in net O, uptake or availability. 
There is, however, a limit to the ability of 
the brain to compensate for decreases in 
perfusion by increased O, extraction.!! It is 
possible that, in some patients, such a de- 
crease in CBF will result in a critical de- 
crease in available О», particularly in mar- 
ginally oxygenated or anemic patients. 
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BLOOD GAS VALUES Gas tensions in blood withdrawn from a Swan-Ganz catheter 
in the proximal pulmonary artery and wedge position were compared. Blood gas 
tensions from the wedge position, but with the balloon deflated, varied greatly. A 
high percentage of these samples were similar to the mixed venous (pulmonary 
artery) samples reflecting the high incidence of nonventilated lung areas in critically 
ill patients. This finding also emphasizes the fact that a Swan-Ganz catheter may be 
properly placed but unsaturated blood still obtained when used in patients with 
atelectasis. The high О» tension in samples from the wedge position may result 
from admixture of pulmonary capillary blood during sample withdrawal and/or diffu- 
sion of alveolar gases through the walls of small pulmonary arteries. Using this 
false high О: partial pressure would result in errors in calculated O» content used 
in the Fick determination of cardiac output and right-to-left shunt. Blood samples 
from Swan-Ganz catheters should be withdrawn slowly (3 ml/min) and results inter- 
preted cautiously. Criterion for proper wedge position should no longer include 
aspiration of saturated blood especially in patients with lung disease. (Suter PM, 
Lindauer JM, Fairley HB et al: Errors in data derived from pulmonary artery blood 
gas values. Crit Care Med 3:175-181, 1975) 
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Etomidate: An Ultrashort-Acting Nonbarbiturate 
Agent for Anesthesia Induction 
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Clinical evaluation of etomidate, an ultrashort- 
acting nonbarbiturate hypnotic agent, shows it 
to be useful for anesthetic induction in adults. 
It produces sleep in 1 arm-brain circulation 
time, metabolites apparently peaking at 7 min- 
utes postinjection. Cardiovascular and respira- 


[респон of general anesthesia involves 

2 personal viewpoints, not necessarily 
conflicting: The patient wants to go to sleep 
comfortably—what matters most to him is 
a rapid and pleasant induction. The anes- 
thesiologist, too, values the advantage of 
speedy onset of sleep, but his first concern 
is for the safety of his patient with respect 
to the drug used. 


Because the hypnotic agents now avail- 
able are often associated with significant 
adverse effects, the search continues for the 
"ideal" nonbarbiturate drug whose duration 
of action is ultrashort. Recently, Janssen,$ 
studying a series of compounds related to 
imidazole-carboxylate, found the ethyl- 
methylbenzyl-imidazole-carboxylate, etomi- 
date, to offer distinct advantages over other 
induction agents tested. 


Etomidate (figure) is water-soluble and 
is provided as the sulfate. It produces sleep 
in a single arm-brain circulation time. Since 
its breakdown to inactive metabolites takes 
place through hydrolysis, its short duration 
of action does not depend solely on redistri- 
bution. The hydrolysis, affecting the ethyl- 
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tory systems appear minimally affected and 
there is no indication of organ toxicity or other 
biochemical or hematologic drug-induced dis- 
turbances. Moderate pain on injection at some 
sites and transient myoclonia were the princi- 
pal disadvantages observed. 


ester side chain takes place in both the 
blood and the liver.1§ Metabolites reach a 
peak 7 minutes after injection and are inert 


N 


Я 
I 


CH,— CH4— 0—C 
CH- CH 3 
Ficure. Chemical structure of etomidate (ethyl- 


1-methylbenzyl-imidazole-5-carboxylate; R7405; 
R26490). 
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with respect to sedative properties.!* The 
cardiovascular and respiratory systems ap- 
pear minimally affected, and there is no 
indication of organ toxicity or other bio- 
chemical or hematologic drug-induced dis- 
turbances.!* Etomidate does not cause de- 
tectable histamine release.” 


Published reports!2:* on the clinical use 
of etomidate as an intravenous induction 
agent showed enough pharmacologic advan- 
tages to warrant our further clinical inves- 
tigation in human volunteers. 


METHODS 

The series included 48 male and female 
surgical patients, aged 18 to 75 (mean 45.9) 
years, in a predetermined randomized order 
of 3 types of premedicants, 2 hypnotics, and 
2 speeds of injection. For each case informed 
consent was obtained. Premedication, ad- 
ministered intramuscularly 15 to 45 minutes 
before induction of anesthesia, consisted of 
0.5 mg of atropine, 0.1 mg of fentanyl with 
0.5 mg of atropine or 10 mg of diazepam 
with 0.5 mg of atropine. Anesthesia was in- 
duced with sodium thiopental (4 mg/kg 
IV) or etomidate (0.3 mg/kg IV). Speed of 
injection was either 30 or 60 seconds, and 
the injection site was either the dorsum of 
the hand or the antecubital fossa. Concur- 
rent medications were noted but not discon- 
tinued. 


During administration of the induction 
hypnotics and for 3 minutes afterward, the 
following determinations were recorded: 
systolic and diastolic blood pressure (inflat- 
able cuff), heart rate (ECG), hypoventila- 
tion or apnea, involuntary movements, and 
pain at the injection site. Each patient was 
observed during the operation and immedi- 
ately afterward, and follow-up visits were 
made 24 and 48 hours after operation. All 
values were subjected to computerized sta- 
tistical analysis. 


RESULTS 


Systolic blood pressure after thiopental 
induction was reduced by 15 torr and after 
etomidate by 5 torr. No change in diastolic 
pressure was noted with either hypnotic 
agent. Heart rate increased 6 beats per min- 
ute after thiopental but did not change with 
etomidate. The cardiovascular differences 
were not statistically significant. 


With etomidate, slight myoclonia devel- 





*Janssen Pharmaceutica. 
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oped in 25% of the patients and severe 
myoclonia in 8% (significance borderline) ; 
all were of brief duration. There was no 
instance of myoclonia among patients re- 
ceiving thiopental, and no severe myoclonia 
among etomidate subjects who had received 
diazepam or fentanyl as premedication. 


Pain on injection was noted in 37% of 
the etomidate group, all of whom had the 
injection site on the dorsum of the hand; no 
patient experienced pain when an antecubi- 
tal vein was used. The incidence of pain was 
higher at the 60-second injection speed than 
at 30 seconds. With respect to premedica- 
tion, 5095 of patients receiving atropine 
alone experienced venous pain, whereas the 
incidence was 38%, with fentanyl and atro- 
pine and 25%, with diazepam and atropine. 
In 1 patient, chemical phlebitis followed 
etomidate induction; the condition lasted 
less than 24 hours. No patient receiving 
thiopental experienced pain on injection or 
developed phlebitis. 


With etomidate induction, hypoventila- 
tion occurred in 25% of the patients and 
transient apnea was noted in 16%. Persist- 
ent apnea occurred only following thiopental 
(9697) necessitating controlled ventilation 
and subsequent intubation. Neither the 
speed of injection nor the type of premedi- 
cation showed any correlation with respira- 
tory depression. 


DISCUSSION 


Etomidate appears to meet many of the 
requirements for an optimal induction agent, 
particularly with respect to duration of ac- 
tion and effects on cardiovascular function. 


Janssen? and others? have reported 
the heart rate to be not affected, or increased 
only slightly and for a short time. Systemic 
vascular resistance appears to be reduced 
and cardiac output and stroke volume in- 
creased.) Myocardial O, consumption is 
reduced; myocardial contractility is not 
significantly impaired.” In our series, there 
was no significant difference in cardiovascu- 
lar function with either hypnotic agent used. 
Systolic and diastolic blood pressure re- 
mained stable; heart rate increased slightly 
with thiopental but not with etomidate. 


One significant adverse effect of etomidate 
is the occurrence of involuntary movements. 
The origin of such motion is thought to be 
disinhibition of uncoordinated brainstem 
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activity,? the incidence having been reported 
to be as high as 25%.1 Rarely, however, are 
the involuntary movements intense enough 
to be troublesome. In one study involving 
100 cases undergoing etomidate induction, 
only 4 instances of involuntary movements 
were of clinical importance, and these were 
transient.! Marked myoclonia has been pre- 
cipitated by physical contact with the pa- 
tient during drug administration,’ the inci- 
dence of myoclonia reportedly being re- 
duced by premedication with diazepam and 
the use of higher doses of etomidate. 


None of the instances of severe myoclonia 
occurred in patients who had received diaze- 
pam or fentanyl premedication, and in no 
case did the involuntary movements persist 
beyond the 1st minute after injection. 


Another reported disadvantage of etomi- 
date is pain at the site of injection, particu- 
larly in the dorsum of the hand.! The im- 
portance of the injection site was confirmed 
in our series; pain did not occur when a 
proximal vein was used. It is intriguing that 
the incidence of such pain was lower with 
diazepam than with fentanyl premedication. 
Our negligible incidence of phlebitis is in 
accord with findings elsewhere.! 


Being a purely hynotic agent, etomidate 
lacks analgesic properties. When pain is 
present or anticipated, this agent should be 
accompanied by an appropriate analgesic 
drug. 


Complementing the advantage of cardio- 
vascular stability is the drug’s short dura- 
tion of action—resulting, as noted by 
Janssen and others,! * from hydrolysis of its 
ethyl-ester side chain. In one published 
study," subjects were alert and able to talk 
8 minutes after injection. Sedation may be 
prolonged with higher doses, repeated doses, 
or with long-acting premedication. 


Induction is as rapid as with thiopental.! 
Maximum brain levels are said to be reached 
within 1 minute after injection. * 


Respiration is affected but not to the ex- 
tremes commonly seen with thiobarbitu- 
rates. Transient hypoventilation is usually 
the most common adverse respiratory effect. 
Short-lasting apnea has been reported in as 
many as 12% of саѕеѕ,! with the subjects 
resuming spontaneous breathing within 90 
seconds. 





*Janssen Pharmaceutica. 
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The apnea noted in 16% of our patients 
receiving etomidate was transient, spontane- 
ous ventilation returning within 2 minutes. 
Since the subjects were allowed to breathe 
О„ before and during induction, ventilatory 
assistance was not required. Only after thio- 
pental was controlled ventilation and sub- 
sequent intubation necessary. Transient hy- 
poventilation was more common in the 
etomidate group, affecting 25% of the pa- 
tients. The speed of injection and type of 
premedication did not affect the incidence 
of respiratory depression with either hyp- 
notic. 


Since etomidate has not been associated 
with detectable release of histamine,? reac- 
tions such as profound hypotension, urti- 
caria, or bronchospasm should not occur as 
clinical problems. 


Patients described etomidate induction as 
pleasant, and there appeared to be adequate 
amnesia. There were no reports of “hang- 
over" or headache. Etomidate induction ap- 
pears to be compatible with any type of 
maintenance anesthesia. No instances of 
hallucinations or psychotic experiences oc- 
curred during the awakening period. 


In our series, etomidate was well accepted 
by both patients and anesthesiologists. In 
view of its pharmacologic properties, one 
might expect its beneficial use in emergency 
and cardiovascular surgery, in 1-day sur- 
gery and short surgical procedures, in high- 
risk patients, in patients with anticipated 
airway problems, and in anesthesia for diag- 
nostic and elective procedures, such as car- 
dioversion. Further study is needed to es- 
tablish the role of this agent in these and 
other conditions involving the induction of 
other types of general anesthesia than those 
described herein. 
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Gentamicin or aminosidin plus polymyxin B was 


administered into the tracheas of patients with tracheostomies 3 times daily. Posi- 
tive cultures of bronchial secretions occurred in 47.7 and 53.1% of patients respec- 
tively. However, there was a difference in the nature of the offending organism in 


the 2 groups. 


Klebsiella was recovered from 28.8% of the specimens obtained from 


patients who received gentamicin and in only 5.9% of those from aminosidin-poly- 


myxin treated patients. 


Pseudomonas aeruginosa and pneumococci were found more 


frequently in the aminosidin/polymyxin than gentamicin group but the differences 


were not statistically different. 


The administration of aminosidin/polymyxin was 


associated with a transient irritative cough in some patients. (Klastersky J, Hensgens €, 


Noterman J et al: 


Endotracheal antibiotics for the prevention of tracheobronchial 


infections in tracheotomized unconscious patients. A comparative study of gentamicin 
and aminosidin-polymyxin B combination. Chest 68:302-306, 1975) 


PULMONARY EDEMA 


Thirty-seven critically ill patients with suspected hypo- 


volemia received an intravenous fluid challenge. Twenty-one patients receiving pri- 
marily colloid solutions manifested slightly elevated left ventricular filling pressures 
but normal plasma colloid osmotic pressures. None of these patients developed pul- 
monary edema. Eleven patients receiving primarily crystalloid solutions developed 
pulmonary edema in association with normal left ventricular filling pressures but 
reduced colloid osmotic pressures. Treatment with furosemide was associated with 
a clearing of pulmonary edema and normalization of colloid osmotie pressure. The 
other 5 patients developing pulmonary edema received colloids and developed only 
elevated filling pressures. These observations emphasize that pulmonary edema may 
occur in the presence of a normal left ventricular filling pressure especially if large 


volume crystalloid infusion lowers colloid osmotic pressure. 


When large volumes of 


fluid are required it is safer to administer colloids which tend to maintain the colloid 
osmotie pressure. (Stein L, Beraud JJ, Morissette M et al: Pulmonary edema during 


volume infusion. Cir 52:483-489, 1975) 
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The Influence of Suction Catheter Tip Design 
on Tracheobronchial Trauma and 
Fluid Aspiration Efficiency 


WILLIAM J. LINK, PhD* 
EDMUND E. SPAETH, PhD} 
WILLIAM M. WAHLE, MD: 

WILLIAM PENNY, MSS 

JOHN L. GLOVER, Мр! 


The suctioning efficiency and trauma-producing 
characteristics of five commercially available 
tracheobronchial suction catheters (Pharmaseal 
Tri-Flo, NCC Gentle-Flo, Argyle Aero-Flo, 
Argyle Dual Side-Hole, and Pharmaseal 
Whistle-Tip) were experimentally evaluated in 
anesthetized healthy dogs. The tendency of 
catheters to invaginate or “grab” tracheobron- 
chial mucosa was observed with a broncho- 
fiberscope during suctioning. Mucosal grabbing 
was seldom seen even at high (>300 torr) 
vacuum levels with the catheter tip in the 
trachea. All catheters were observed to in- 
vaginate mucosa in lobar and segmental bron- 
chi, with the frequency of grabbing being a 
function of airway anatomy, airway size, cath- 
eter orientation, tip design, and vacuum level. 
Catheters with multiple side-holes appeared to 
invaginate mucosa less frequently than the 
single side-hole catheter. 

Repeated suctioning of anesthetized healthy 
dogs followed by tracheobronchial excision, 
gross observation, and histologic examination 
of mucosal tissue biopsies demonstrated sig- 
nificant differences in the frequency and sever- 


"Т к^снковномснл. suction is а common 

and necessary procedure ir patients 
whose ability to clear tracheobronchial se- 
cretions is impaired. In the past 2 decades, 
the procedures used in tracheobrcnchial as- 
piration have been given considerzble atten- 
tion, yielding several revisons їп recom- 
mended technics. Aseptic technic to reduce 


ity of lesions caused by the tracheobronchial 
suction procedure. All catheters were observed 
to damage airway lining, the damage related to 
multiple side-hole catheters appearing to be 
associated entirely with the act of catheter in- 
sertion and not with the application of vacuum. 
Only the Whistle-Tip design produced meas- 
urable damage beyond that related to catheter 
insertion. 

The average tip-suctioning effectiveness for 
each catheter, determined in vitro by aspirating 
a thin, uniform layer of simulated mucus, was 
found to be significantly higher for the Tri-Flo 
and Whistle-Tip catheters than the others, the 
Aero-Flo being least effective. Preliminary at- 
tempts to demonstrate this difference in suc- 
tioning effectiveness by comparing the per- 
formance of the catheters which displayed the 
highest and lowest tip suction effectiveness in 
a standardized clinical suctioning procedure 
revealed no significant difference in the per- 
centage of mucus removed by either catheter. 
Additional studies should clarify this apparent 
contradiction. 


bacteriologic colonization and cross-contam- 
ination in the trachea, moderate vacuum 
levels and limited duration of suctioning to 
reduce hypoxia, and the use of smooth, flex- 
ible catheters with vacuum control vents 
and side-holes near the tip to minimize 
trauma to tracheal and bronchial mucosa 
have been suggested.1-3 
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TRI -FLO 


DUAL SIDE-HOLE 


GENTLE-FLO 


WHISTLE-TIP 





Fic 1. Tracheobronchial suction catheters evalu- 
ated: (1) Pharmaseal TRI-FLO, characterized by 
2 triangular side-holes, offset from the center line 
and close to the beveled catheter tip. (2) Argyle 
AERO-FLO,characterized by 4 small, round side- 
holes near the expanded tip. (3) National Catheter 
Corporation GENTLE-FLO, characterized by 4 oval 
side-holes close to the tip. (4) Argyle Dual Side- 
Hole, characterized by 2 large side-holes somewhat 
removed from the tip. (5) Pharmaseal WHISTLE- 
TIP, characterized by a single side-hole. 


Recently, Sackner and associates! report- 
ed no gross abnormalities in the distal tra- 
chea of dogs suctioned with the new Argyle 
Aero-Flo suction catheters (which supports 
an expanded tip and 4 small side-holes near 
the tip) while all dogs suctioned with con- 
ventional ‘“‘whistle-tip” (single side-hole 
catheters) displayed gross changes, includ- 
ing edema, hyperemia, mucosal ulceration, 
and hemorrhage throughout the mucosa of 
the tracheobronchial tree. The Aero-Flo 
catheter has accordingly been referred to as 
“atraumatic.” 


Since this reported breakthrough in suc- 
tion catheter tip design, two other suction 
catheters designed to reduce tracheobron- 
chial trauma during aspiration have also be- 
come available. Unlike the conventional 
whistle-tip suction catheter with a single 
side-hole, the new low-trauma catheters have 
multiple side-holes of varying number and 
configuration. The multiple side-holes are 
significant in that the probability of occlu- 
sion of all the holes simultaneously during 
suctioning is decreased, reducing the oppor- 
tunity for invaginating or “grabbing” the 
mucosa. However, by increasing the num- 
ber of side-holes, there is also the possibility 
of reducing the suctioning effectiveness of 
the catheter as a result of excessive venting. 
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Thus it becomes important to determine not 
only the extent to which these new catheters 
reduce trauma, but also the extent to which 
their suctioning efficiency may be altered 
as a result. 


In this study a variety of in vitro and in 
vivo animal experiments as well as prelimi- 
nary clinical tests were used to investigate 
the tendency to induce tracheobronchial 
damage and the suctioning effectiveness of 
five types of catheters. 


METHODS 


Catheters evaluated included (fig 1): 
(1) Pharmaseal Tri-Flo, (2) National Cath- 
eter Corporation Gentle-Flo, (3) Argyle 
Aero-Flo, (4) Argyle Dual Side-Hole, and 
(5) Pharmaseal Whistle-Tip. The first three 
catheters are sold as either “atraumatic” 
or low-trauma catheters. The Pharmaseal 
Whistle-Tip was considered representative 
of the general class of single side-hole cath- 
eters. All catheters tested were size 14 
French and were made of clear, flexible plas- 
tic material. 


TRACHEOBRONCHIAL DAMAGE 


Invagination of Mucosa.—The tendency 
of each catheter to invaginate tracheal and 
bronchial mucosa was observed visually by 
fiberoptic bronchoscopy in healthy mongrel 
dogs anesthetized with sodium pentobarbi- 
tal (30 mg/kg) while varying the suction- 
ing vacuum level (Gomco Aspirator, Model 
930) over a range of 80 to 630 torr. This 
procedure was performed by two individ- 
uals, one regulating the vacuum level and 
the other noting the catheter performance 
while being unaware of the vacuum level. 
All five catheters were observed over the 
entire vacuum range in each of three ani- 
mals, with a different observer for each 
animal. 


Tracheobronchial Trauma.— To deter- 
mine the extent of trauma accompanying 
extensive suctioning, a total of 42 healthy 
mongrel dogs weighing 11 to 18 kg were 
anesthetized with sodium pentobarbital, in- 
tubated, and maintained on spontaneous res- 
piration. Following anesthesia and intuba- 
tion, the mucosa of the tracheobronchial tree 
was observed with the bronchofiberscope. 


Catheters were then fully inserted into 
the tracheobronchial tree, withdrawn slight- 
ly, and then 180 torr vacuum was applied 
for 3 to 5 seconds while steadily rotating 
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and withdrawing the catheter. The cath- 
eters, irrigated with water and lightly lubri- 
cated with mineral oil between each pass, 
were passed at 3-minute intervals over a 
4-hour period, with a total of 80 passes in 
each animal. At the end of the procedure, 
the tracheobronchial tree was again ob- 
served with the bronchofiberscope, 35-mm 
color photographs being taken where lesions 
were present. The animals were then killed 
with an overdose of sodium pentobarbital, 
the thorax was opened, and the location of 
the tip of the endotracheal tube noted prior 
to excising the lungs. The airways were 
opened to the lobar bronchi, gross observa- 
tions were made, and color photographs were 
taken. The tracheobronchial tree was then 
sectioned for histologic examination at a 
minimum of five locations: (1) 12.7 cm 
above the carina, (2) 7.6 cm above the 
carina, (3) 2.54 cm above the carina, (4) 
right mainstem bronchus, and (5) left main- 
stem bronchus. In addition, if specific gross 
lesions were noted, they were also sectioned 
for histologic examination. The microscopic 
slides were routinely prepared and the iden- 
tity of the specimens was not revealed to 
the pathologist prior to examination. 


The animals used in the trauma study fall 
into 8 groups, one group for each of the 5 
catheters being tested and 3 control groups 
(table 1). То differentiate sucticn-related 
damage from damage due to merely insert- 
ing the catheters, catheters were passed in 


TABLE 1 
Dogs Used in Tracheobronchial Damage 
Study Following Suctioning by 
Various Catheters 








Broncho- 
Number fiber- 
of scope, 
cath number 
Number eter cf 
of Catheter passes/ passes/ Vacuum 
Group dogs type animal animal applied 
1 9 Tri-Flo 80 2 Yes 
2 5  Aero-Flo 80 2 Yes 
3 5 Gentle-Flo 80 2 Yes 
4 4 DualSide-Hole 80 2 Yes 
5 8 Whistle-Tip 80 2 Yes 
6 4 * 80 0 No 
T 2 — 0 2 == 
8 5 — 0 0 — 
———MMM————Ónà 


*One animal each—Tri-Flo, Aero-Flo, Dual Side- 
Hole and Whistle-Tip. 
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4 dogs in the previously described manner 
except that no vacuum was applied. In ad- 
dition, 2 animals served as “bronchofiber- 
Scope controls," in that they were handled 
as previously described while passing only 
the bronchofiberscope (no catheters), and 
5 animals were “clean controls," in that they 
were anesthetized, intubated, and main- 
tained under anesthesia for 4 hours without 
inserting catheters or bronchofiberscope into 
the tracheobronchial tree. 


CATHETER SUCTION EFFICIENCY 


This was evaluated by three approaches: 
(1) by aspirating viscous lubricating gel 
from the tracheobronchial tree in dogs (in 
vivo and in vitro), (2) by suctioning lub- 
ricating gel of varying viscosity and film 
thickness in a horizontal trough, and (3) in 
clinical trials. 


Animal Studies.—Five dogs were anes- 
thetized with sodium pentobarbital, intu- 
bated, maintained on spontaneous respira- 
tion, and the location of the carina with re- 
spect to the endotracheal tube established 
via bronchofiberoscopy. To simulate a film 
of mucus, a measured amount of lubricating 
gel (viscosity equal to 550 poise) was dis- 
persed at given locations along the trachea 
by injecting it through a size 14 French 
catheter. Though various protocols were 
tried, a typical procedure was to inject a 
total of 3 ml of gel in boluses of 14 ml at 
1.27 cm intervals, starting 2.54 cm above 
the carina. A catheter was then passed to 
the level of the carina and uniformly with- 
drawn while applying vacuum (180 torr) 
for 5 seconds. 


The amount of gel removed was weighed 
and the excess gel in the trachea was as- 
pirated prior to the next catheter insertion. 
This procedure was repeated 10 times with 
each catheter. The animal was then killed, 
the lungs were removed from the thorax, and 
the dorsal surface of the trachea was longi- 
tudinally transected. The lungs were placed 
on a flat surface, with the trachea being 
slightly elevated (approximately 15° angle), 
lubricating gel was placed in the trachea, 
and the suctioning procedure was repeated 
as described above. 


Catheter Tip Suction Efficiency.—Tra- 
cheobronchial secretions adhere to the wall 
of the tracheobronchial tree, forming a rela- 
tively thin film of variable thickness. Also, 


the inserted catheter lies with its axis essen- * 


tially parallel to the airway wall. Hence, an 


} 
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CATHETER 


Ес 2. 
tion efficiency. 


Tray used to evaluate catheter tip suc- 


appropriate apparatus was designed for test- 
ing the suctioning efficiency of a catheter by 
positioning the catheter tip parallel to a 
simulated airway wall in contact with a 
thin film of mucus. 


Troughs, either 2 or 3 mm deep, in flat 
trays (fig 2), were filled with lubricating 
gel of known viscosity (550 or 1200 poise) 
and suction was applied for 15 seconds, as 
the catheter tip was drawn through the film 
at a slow, uniform speed. 


The Tri-Flo, Dual Side-Hole, and Whistle- 
Tip catheters were orientation sensitive. For 
example, the Whistle-Tip catheter suctioned 
essentially no gel when oriented such that 
the side eye did not contact the film, but 
aspirated a considerable amount of gel in 
the remaining orientations. Since during 
clinical suctioning the orientation of the 
side eye(s) of a catheter with respect to 
the airway wall is unknown and uncon- 
trolled; it is necessary in determining the 
suction efficiency to average the amount of 
gel suctioned by an individual catheter over 
all possible orientations. Consequently, in 
the tray suctioning procedure, the orienta- 
tion of the catheter tip was varied about a 
plane of symmetry in 45° increments from 
0° (corresponding to “thumb-up” position 
of air vent) counterclockwise through 180°. 


The amount of gel suctioned by the cath- 
eter in each 15-second trial was determined 
by weighing the catheter before and after 
the procedure. The catheter was cleaned be- 
tween each trial and 10 trials were per- 
formed with each catheter in each orienta- 
tion. For each given catheter, the numeri- 
cal average of the amount of gel suctioned 
in all orientations has been termed the 
“orientation-averaged suction efficiency." 


Clinical Tests.—An attempt was made to 
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measure the suctioning efficiency of 2 cath- 
eters (Tri-Flo and Aero-Flo) in standard- 
ized suctioning procedures on patients in an 
intensive care unit. Four patients were suc- 
tioned in separate trials at 14-hour intervals 
over a 2 to 4-hour period. Two catheters 
were used at each suctioning procedure, 
with the first catheter being passed once in 
two of the trials and passed twice in the 
remaining 2 trials. 'The second catheter was 
passed additional times (usually twice) un- 
til the trachea was judged to be clear. 


The first catheter used at each aspiration 
was alternated between the Tri-Flo and 
Aero-Flo, while the second catheter was not 
alternated. Hence, the tracheobronchial tree 
would be cleaned of mucus to approximately 
the same extent at each procedure. The mu- 
cus aspirated by each catheter was retained 
in an in-line mucus trap and, following each 
suctioning procedure, the catheters and the 
mucus traps were individually weighed. 
Consequently, the amount of mucus aspir- 
ated during single and double passes of the 
first catheter, as well as the remainder of 
the mucus removed by the second catheter, 
was determined for each tracheobronchial 
aspiration. 


RESULTS AND DISCUSSION 
Tracheobronchial Damage 


Invagination of Mucosa.—Although it was 
difficult to determine with quantitative pre- 
cision the transition point (in vacuum level) 
for each catheter between grabbing and not 
grabbing mucosa, several qualitative obser- 
vations were made. The tendency for tissue 
invagination to occur was a strong function 
of catheter tip location and vacuum level, 
as well as tip design. Tissue grab always 
occurred, regardless of catheter type or 
vacuum level, when the catheter tip was 
“wedged” into a subsegmental bronchus of 
approximately the same diameter as the 
catheter itself, illustrating the value of with- 
drawing the catheter slightly before apply- 
ing suction. 


With the catheter tip located in lobar and 
segmental bronchi (with airway diameter 
less than 1.5 times larger than the catheter) 
tissue grab was observed with all catheters 
at both normal (100 to 300 torr) and high 
(>300 torr) vacuum levels. With the cath- 
eter tip in this location, the tendency to 
invaginate mucosa was intermittent and 
strongly dependent on bronchial anatomy 
and catheter orientation. The frequency of 
grabbing appeared to be lower with the mul- 
tiple side-hole tip designs than with the 
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Fic 3. Photomicrograph of dog trachea following multiple (80) suctioning procedures, illustrating no 


loss of epithelium (H & E x 40). 





Fic 4. Photomicrograph of dog trachea following multiple (80) suctioning procedures, illustrating severe 
loss of epithelium (H & E x 40). 


whistle-tip design, with this difference be- 
coming more distinct as the vacuum level 
increased. No difference in the frequency 
of tissue grabbing could be distinguished 
between the various multiple side-hole tip 
designs, regardless of vacuum level. With 
the tip located in the trachea, mucosal grab- 
bing was rarely observed even at high vac- 
uum levels. 


Tracheobronchial Trauma. — The results 
of the animal trauma studies indicate that 
all the catheters tested induce some degree 
of damage to the tracheobronchial tree. 
Gross observations of the airways following 
lung excision revealed mucosal linings which 
ranged in condition from being completely 
clear and clean to displaying multiple large, 
distinct hemorrhagic lesions (fig 3 and 4). 


Catheter Tip Design .. . Link, et al 

Furthermore, the degree of grossly observ- 
able damage to the tracheobronchial tree in- 
duced by any given catheter was quite vari- 
able, often spanning this entire range. Ani- 
mals in which catheters were passed with- 
out applying vacuum (table 1, group 6) all 
displayed slight to moderate damage, with 
a limited number of distinct lesions. The 
airways in control animals, however, in 
which no catheters were passed (table 1, 
groups 7 and 8) grossly appeared quite nor- 
mal, with no distinct lesions being observed. 


All specimens were examined microscopi- 
cally twice (on separate occasions) by a 
pathologist without knowing the identity of 
the slides. Observations recorded related to 
the degree of vascularity, extent of vascular 
dilation, epithelial loss, and presence of in- 
flammation. Review of the histologic data 
revealed that the control animals in which 
no catheters were passed displayed various 
degrees of altered vascularity and inflamma- 
tion similar to noncontrol animals. However, 
the existence of epithelial loss in the control 
animals in which no catheters were passed 
was markedly reduced compared to the 
noncontrol animals. Based on these observa- 
tions, the presence or absence of epithelial 
loss was used as the histologic criterion for 
damage to the tracheobronchial mucosa 
from the suctioning procedure. 


Damage Index.—To permit the direct 
comparison of the results of these various 
test groups, a numerical system of grading 
the degree of damage was established and a 
tracheobronchial Damage Index was defined, 
based on both gross and histologic observa- 
tions: 


0: Tracheobronchial mucosal lining was 
completely clear and clean under gross ex- 
amination and displayed no microscopically 
observable loss of epithelium. 


1: Minimal, questionable alterations were 
observed, either grossly or microscopically, 
which might be related to catheter suction- 
ing. 


2: Slight damage observed anywhere in 
the airway lining (gross and/or microscop- 
ic). 

3: Moderate damage observed anywhere 
in the airway lining (gross and/or micro- 
Scopic). 


4: Severe damage observed anywhere in 
the airway lining (gross and/or microscop- 
16). 


Gross and microscopic observations pre- 
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TABLE 2 
Range and Average Tracheobronchial 
Damage Index in Experimental Animals 
Following Multiple Suctioning Procedures 


Number 


af Damage index 





Group Catheter animals Range Average 
1 Tri-Flo 9 0-4 1.9 
2 Aero-Flo 5 0-4 2.0 
3 Gentle-Flo 5 1-3 2.2 
4 Dual Side-Hole 4 1-3 2.0 
5 Whistle-Tip 8 2-4 2.9 

Control animals 

6 Catheter* 4 2-3 2.25 
T Bronchoscopet 2 0-1 0.5 
8 Cleant 5 0-1 0.2 


*One animal each with Tri-Flo, Aero-Flo, Dual Side- 
Hole and Whistle-Tip. 


*Bronchofiberscope passed twice, no catheters passed. 
¿Nothing passed into tracheobronchial tree. 


viously tabulated were reviewed (without 
knowing to which animal the data corre- 
sponded) and a Damage Index was estab- 
lished for each animal. The range and aver- 
age Damage Index for animals in each group 
are listed in table 2. 


The control group of dogs in which no 
catheters were passed (table 3, group 8) had 
an average Damage Index of 0.2. However, 
the average Damage Index of dogs suctioned 
with catheters containing multiple side-holes 
(table 1, groups 1 to 4) was significantly 
higher (p<0.05, single-tailed Student t test) 
ranging from 1.9 to 2.2. Considering the 
variability of the damage seen in the indi- 
vidual animals and the small number of 
animals in each group, the differences be- 
tween the Damage Indexes of the various 
low-trauma catheter tip designs are not 
significant (p>0.1). On the other hand, the 
animals suctioned with the Whistle-Tip 
catheter (group 5) had an average Damage 
Index of 2.9, no animal having a value less 
than 2. This Damage Index is significantly 
higher than for the animals suctioned with 
multiple side-hole catheters (р<0.1). 


Animals in group 6, in which catheters 
were passed without vacuum being applied, 
had an average Damage Index of 2.25. 
Hence, the physical act of inserting the cath- 
eter induces a measurable amount of trauma 
to the airway wall. Since the Damage Index 
of groups 1 to 4 is not significantly different 
from that of group 6, the damage related 
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TABLE 3 


Amount of Aspirate Removed by Aero-Flo and Tri-Flo Catheters, 
as Well as Percentage of Total Aspirate Removed, in Single-Pass 
and Double-Pass Clinical Trials in 4 Patients 


First catheter Second catheter* 


Portion of total 








Average aspirate removed by 

Number of Number of Average aspirate, first catheter 

Patient samples Type passes aspirate, gm Type gm (average), % 
1 3 Tri-Flo 1 1.47 Tri-Flo 3.9 28 
2 Aero-Flo 1 2.0 Tri-Flo 5.15 28 
2 2 Tri-Flo 1 ‚2 Tri-Flo 2.6 32 
Aero-Flo 1 1.9 Tri-Flo 3.5 36 
3 5 Tri-Flo 2 0.67 Tri-Flo 0.33 69 
5 Aero-Flo 2 0.75 Tri-Flo 0.37 71 
4 5 Tri-Flo 2 0.81 Tri-Flo 0.43 76 
Aero-Flo 2 0.90 Tri-Flo 0.448 69 


*Second catheter was usually passed twice or until trachea was judged to be clear of mucus. 


to suctioning with multiple side-holed cath- 
eters appears attributable to physically in- 
serting the catheters and not to suctioning 
or mucosal grabbing. On the other hand, 
with the Whistle-Tip catheter, additional 
damage beyond that related to the insertion 
of the catheter seems apparent. 


CATHETER SUCTION EFFICIENCY 


Animal Studies.—The studies in which a 
given amount of simulated mucus (lubricat- 
ing gel of viscosity equal to 550 poise) was 
injected at known locations in the trachea 
of dogs were unrevealing. Extreme variabil- 
ity in the data, even between repetitive ex- 
periments within the same animal, led to 
large uncertainties and low reproducibility. 
This was presumably due to lack of control 
over the location of the mucus sample and 
the probability of contact of the catheter 
tip with the mucus. 


Catheter-Tip Suction Efficiency.—Since 
it is obviously the tip of the catheter that 
aspirates mucus in a suctioning procedure, 
the suction efficiency of the catheter tip 
should be indicative of its clinical suction- 
ing effectiveness. By aspirating simulated 
mucus in uniform thin films in a flat trough, 
the randomness in the contact between the 
catheter tip and mucus is diminished greatly 
as compared to the animal studies described 
above. Lubricating gels of viscosities equal 
to 550 and 1200 poise were aspirated in thin 
films of 2 and 3 mm depth. (It should be 
noted here that, though the viscosity of the 


simulated mucus fell in the physiologic 
range,” the viscoelastic and non-Newtonian 
nature of mucus was not closely simulated.) 


A significant difference in the orientation- 
averaged tip suctioning efficiency was ex- 
hibited between the various catheters (fig 5 
and 6). For example, in a 3 mm film of lub- 
ricating gel with a viscosity of 550 poise, 
the suctioning efficiency of the Tri-Flo and 
Whistle-Tip catheters was approximately 4 
times greater than the suctioning efficiency 
of the Aero-Flo catheter (p<0.01). The 
trend displayed by these data remained con- 
sistent as the film thickness and lubricating 
gel viscosity were varied. 


To further simulate actual conditions dur- 
ing tracheobronchial suctioning, additional 


— Tri-Flo 
ОЖ Aero-Flo 
mam Gentle- Flo 
————— Dual Side-Hole 
А-О Whistle- Tip 


FLUID: LUBAFAX 
9 FILM THICKNESS: 3mm 


FLUID REMOVED (g/sec) x 102 





ORIENTATION (Degrees) 

Fic 5. Orientation dependency of catheter-tip E 

suction effectiveness in 3 mm film of lubricating 
mucus (viscosity — 550 poise). 
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CATHETER TIP SUCTION EFFECTIVENESS (AVERAGE) 


FLUID-LUBAFAX 1550 POISE 





FLUID REMOVED (g/sec x 102) 





1DE- AERO- 
HOLE FLO FLO 


TRI-FLO WHISTLE- UAL GENTLE- 
TIP r 


CATHETER TIP SUCTION EFFECTIVENESS 


(Average) 


Fic 6. Orientation-average catheter-tip suction 
effectiveness evaluated in 2 and 3 mm films of lubri- 
cating gel (viscosity — 550 poise). 


experiments were conducted with the trough 
inside a 2.5-cm diameter cylindrical cham- 
ber evacuated during suctioning to a pres- 
sure of —2.5 cm H,O (corresponding to tra- 
cheal pressures measured in vivo during 
suctioning). This experiment, simulating 
tracheal air-flow conditions, showed no sig- 
nificant changes in relative uptake rates. 


Clinical Trials ——In an attempt to demon- 
strate the influence of this measured varia- 
tion in catheter-tip suction efficiency in a 
clinical suctioning procedure, preliminary 
clinical experiments were conducted in 
which patients were suctioned with a com- 
bination of the Tri-Flo and Aero-Flo cath- 
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eters, as described previously. These two 
catheters were selected since they represent 
the highest and lowest catheter-tip suction 
efficiency. Each suction procedure consisted 
of a single or double passage of either the 
Tri-Flo or the Aero-Flo catheter, followed 
by additional passes with the Tri-Flo cath- 
eter until the tracheobronchial tree was 
judged to be clean. Approximately one-third 
of the mucus was removed during the first 
pass and a second third was removed during 
the second pass, indicating a need for mul- 
tiple-pass suctioning procedures to obtain 
effective cleaning (table 3). No significant 
difference was observed in the percentage of 
mucus removed by either catheter in these 
preliminary experiments. Due to the limited 
number of trials and the difficulty encoun- 
tered in obtaining precise data during these 
tests, no overall conclusions have been 
drawn from these data. 
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344 rats. Serum ionic fluoride after 2 hours exposure to 0.5% MOF was least in young 
rats (6 weeks) and highest in the 12 month old animals. Polyuria occurred only in 
animals more than 6 weeks old. This relative protection against MOF nephrotoxicity 
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Mazze RI: The influence of age on the distribution, metabolism and excretion of 
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Case History Number 89: 


A Life-Threatening Complication of Cricothyroid 
Membrane Puncture 


Y. К. POON, MB, BS, FFARCS* 


HIs report describes an episode of acute 

upper-airway obstruction secondary to 
extensive subcutaneous emphysema in a 
patient in whom a catheter was inserted 
through the cricothyroid membrane to aid 
tracheal intubation. 


A 20-year-old, 142 cm, 37.2 kg man with 
long-standing severe rheumatoid arthritis 
was admitted for left total hip replacement, 
following a similar procedure on the right a 
month earlier. In addition to his short stat- 
ure and multiple large joint deformities, 
relevant physical findings included cervical 
spine rigidity and limitation of movement 
without deformity, a small receding man- 
dible, and large prominent upper central 
teeth. There was no evidence of temporo- 
mandibular or cricoarytenoid joint abnor- 
mality. 


At the time of the first procedure, naso- 
tracheal intubation was moderately difficult 
during N,O-O,-halothane anesthesia with 
spontaneous respiration. It was impossible 
to visualize the larynx, but a 6-mm tracheal 
tube was inserted blindly. The remainder of 
the anesthetic procedure was uneventful. A 
fiberoptic laryngoscope was not available at 
the time of this or the later operation. 


For the second procedure, anesthesia was 
induced in a similar fashion, but blind 
nasotracheal intubation was unsuccessful 
after several attempts. It was then elected 
to thread a small catheter up through the 
larynx as a guide for the endotracheal tube. 
The cricothyroid membrane was punctured 


with a 17-gauge needle-over-catheter IV unit 
and the catheter was threaded up into the 
mouth. As a 7-mm orotracheal tube passed 
over the catheter would not enter the tra- 
chea, the catheter was directed up through 
the nose and a 6-mm nasotracheal tube 
passed over the catheter into the trachea. 
The catheter was removed, the tracheal tube 
cuff inflated, and anesthesia and operation 
proceeded uneventfully. Respiration was 
spontaneous during N.O-O.-halothane an- 
esthesia. There was no evidence of subcu- 
taneous emphysema at the termination of 
the surgical procedure. 


The patient was extubated in the recovery 
room following return of consciousness. The 
initial postoperative course was uneventful, 
and the patient was transferred to his ward 
90 minutes after operation. At that time, a 
small amount of subcutaneous air was noted 
in the anterior neck. 


On the ward, narcotic analgesics were ad- 
ministered when the patient was noted to 
be grunting and complaining of pain at the 
operative site. He also complained of nasal 
congestion and blew his nose repeatedly. 
Four hours postoperatively, the subcutane- 
ous emphysema had increased dramatically 
and involved the face, neck, and upper tho- 
rax, but the patient was not in respiratory 
distress. Forty minutes later, the subcutane- 
ous emphysema had further progressed, with 
involvement of the lower trunk and in- 
creased swelling of the neck and face. The 
patient was now cyanotic and in obvious 
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anesthetic was infiltrated in the neck. With 
the skin incision, air was released from the 
neck with a hissing sound, immediately im- 
proving the inspiratory stridor. Exposure of 
the anterior trachea revealed a small punc- 
ture. 


The dramatic improvement in the pa- 
tients condition made it unnecessary to 
proceed with the tracheostomy. A subcu- 
taneous drain was inserted in the neck inci- 
sion and was connected to suction. Arterial 
blood gases sampled immediately after this 
procedure and throughout the subsequent 
recovery period were normal. The right 
chest tube was removed after 3 days. A 
small left pneumothorax developed but did 
not require drainage. The lungs were fully 
expanded by the 12th postoperative day and 
all subcutaneous emphysema had resolved 
3 by the 18th day. The patient was discharged 


FIGURE. Supine chest (portable) radiograph, 5 from hospital with no sequelae from this 
hours postoperation, demonstrates extensive sub- ; Heats 
cutaneous emphysema, pneumomediastinum, and complication. 
right pneumothorax. 





Discussion 
respiratory distress, with marked inspira- DONALD H. REIMER, MD, FRCP(C) 
tory stridor. A chest radiograph was taken Lecturer 
at this time (figure). Department of Anesthesia 


Health Sciences Centre-General 
University of Manitoba 
Winnipeg, Manitoba, Canada 


Because of this acute deterioration, and 
in view of the earlier difficulties with tra- 
cheal intubation, the patient was immediate- 


ly returned to the operating room for chest- Puncture of the cricothyroid membrane 
tube insertion and tracheostomy. О. (100%) allows rapid and relatively easy access to 


was administered by face mask and local the lumen of the trachea, bypassing the 


Comment 
DOUGLAS B. CRAIG, MD, FRCP (C) 


Enthusiasm for the use of technics requiring cricothyroid membrane puncture 
has not been accompanied by similarly increased awareness of the potential 
complications inherent in the procedure. This case report should serve as a 
dramatic reminder that major complications do occur. Air extravasation into 
subcutaneous tissues and the mediastinum has been the most common major 
complication previously reported. In this patient, the extent of the tissue 
emphysema, and the severity of its effects, producing airway obstruction, likely 


resulted from 2 factors: the generalized tissue abnormality associated with chronic 
severe rheumatoid arthritis, and the increased tracheal pressure due to nose 
blowing, promoting leakage and spread of air. 


Cricothyroid membrane puncture as an aid to intubation should now rarely 
be required, due to the availability of reliable fiberoptic laryngoscopes. For many 
other situations, however, cricothyroid puncture remains part of valuable, and 
at times life-saving, technics. Like any other procedure, its safe use requires 
knowledge of its indications and contraindications, as well as the early recogni- 
tion and management of complications. 
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mouth, pharynx, and larynx. Use of this 
technic has increased, associated with the 
introduction of venturi devices for mechani- 
cal ventilation during laryngoscopy! and 
laryngectomy.? The percutaneous transtra- 
cheal ventilation technic has been the sub- 
ject of a recent review.? Other procedures 
utilizing cricothyroid membrane puncture 
have included tracheal lavage and sputum 
sampling,* local anesthetic spraying of the 
trachea,” bronchography,5 emergency ven- 
tilation,? and guiding of endotracheal tubes 
over catheters inserted upward into the 
pharynx.* 


Although the tissues pierced are thin, it 
is possible for air, blood, bacteria, contrast 
media, and needle debris to enter the soft 
tissues of the neck, where they may pro- 
duce serious complications. As illustrated by 
this case report, any postpuncture increase 
in tracheal pressure, such as that produced 
by exhalation against a closed glottis as in 
grunting or coughing, or by high-pressure 
gas insufflation, increases the risk of air 
leakage into subcutaneous tissue. Larger- 
bore needles and catheters increase the like- 
lihood of air leakage. It has been suggested 
that the incidence and severity of tissue em- 
physema can be minimized by inserting the 
needle through the skin at some distance 
from the tracheal perforation site and by 
application of pressure to the anterior neck 
after removal of the catheter.? 


Subcutaneous emphysema localized to the 
neck occurred in 5/102 patients and 2/13 
volunteers reported by Kalinske and asso- 
ciates.* Two in each group developed medi- 
astinal emphysema. A case of severe, life- 
threatening mediastinal emphysema, report- 
ed by Massey,!" resembles the course of 
events in our patient. In both cases, air leak- 
age appears to have been the result of high 
intratracheal pressures produced by the pa- 
tient in the postpuncture period. The nose- 
blowing by our patient would likely produce 
intratracheal pressures considerably higher 
than would grunting, and therefore explains 
the severity of his course. Another contrib- 
uting factor was likely a generalized tissue 
abnormality associated with his chronic ill- 
ness and debility. 


Respiratory infections increase the haz- 
ard of mediastinal infection, and bleeding 
diatheses increase the risk of hematoma 
formation. Hemoptysis following cricothy- 
roid membrane puncture is frequent, moder- 
ate, and usually transient. One case of 
hypoxic death thought to be due to blood 
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obstructing the trachea has been reported.!! 
Wound infections are now rare. Two pa- 
tients with tuberculous granulomas of the 
needle tract in the neck were reported by 
Pecora.!* Breakage of needles has occurred 
when patients have suddenly coughed with 
the needle in place.!? Bradycardia, cardiac 
arrest, and arrhythmias have occurred in un- 
premedicated patients and where tracheal 
suction produced hypoxemia in critically ill 
райепіѕ.!! Vomiting and aspiration have 
been reported, as well as one incident of 
respiratory arrest, likely caused by pain and 
vagal stimulation.!! 


The most common minor complaints are 
neck pain or sore throat, occurring in 50%, 
of patients following transtracheal bron- 
chography.® Transient hoarseness and dys- 
phonia are also common. 


This report serves as a reminder that 
serious complications following cricothyroid 
membrane puncture can and do occur. Their 
incidence and severity should be minimized 
if the following guidelines are followed: 


1. Awareness of the potential complica- 
tions due to air extravasation associated 
with increased airway pressure. This may 
occur during ventilation using positive pres- 
sure or when airway pressure increases with 
grunting, coughing, sneezing, or nose-blow- 
ing. 

2. Avoiding the procedure in patients 
with bleeding diatheses and those with se- 
vere cough. Severe connective tissue dis- 
eases should be considered a relative con- 
traindication. 


3. Applying pressure to the puncture 
wound for several minutes and keeping the 
patient flat in bed for several hours. 


4. Using the smallest-bore needle and 
catheter possible. 


5. Administering supplemental O, if the 
patient is already hypoxemic or if suction- 
ing is to be performed. 


6. Recognizing complications early and 
treating them appropriately. 
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PEEP, PCWP and CARDIAC OUTPUT The authors investigated the effect of PEEP 
upon the pulmonary circulation in 12 patients requiring postoperative mechanical 
ventilation. Cardiac index did not change with 5 or 10 ст Н.О PEEP but decreased 
at levels above 10 cm Н.О. The fall in cardiac output was frequently accompanied 
by a marked increase in PCWP. The authors speculate that high intra-aveolar pres- 
sures created by PEEP restrict flow through the pulmonary circulation and decrease 
cardiac output. Furthermore, in this situation, a balloon-tipped catheter no longer 
reflects left atrial pressure but rather the higher alveolar pressure which has occluded 
the pulmonary capillaries. It would be incorrect to consider the increase in PCWP 
as evidence of volume overload or left ventricular failure. During PEEP, a high 
PCWP may reflect high resistance to flow in the pulmonary circulation and a need 
to reduce the level of PEEP to permit maintenance of an adequate cardiac output. 
(Hobelman CF, Smith DE, Virgilio RW et al: Hemodynamic alterations with positive 
end-expiratory pressure: The contribution of the pulmonary vasculature. J Trauma 
15:951-958, 1975) 1 
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An Unusual Problem in Nasotracheal Extubation 


GARRY S. SKLAR, MD* 
ANTONIO E. ALFONSO, MD} 
BENTON D. KING, MD: 


Brooklyn, New York§ 


IN отанға, intubation is widely used 
for prolonged intubation and for cer- 
tain operations around the mouth. We wish 
to report an unusual problem in extubation 
and to recommend precautionary measures. 


REPORT OF A CASE 


A 69-year-old man underwent partial glos- 
sectomy with N.O-O,-droperidol-fentanyl 
anesthesia with an 8.5 mm nasotracheal 
tube. 'The cuff and inflation tube were added 
to the endotracheal tube and a plastic adap- 
ter was added to the syringe end of the in- 
flation tube. The inflation tube was not 
fused to the main tube. 


After an uneventful anesthetic procedure 
and recovery, as the nasotracheal tube was 
withdrawn from the trachea, larynx, phar- 
ynx, and nose, the inflation tube and adap- 
ter were pulled, as if around a pulley, into 
the patient's nose (fig 1). 'The entire endo- 
tracheal tube was out of the patient's nose, 
but traction on the inflation tube was un- 
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Fic 1. Inflation tube being drawn into nostril by 
“pulley” action of turbinate. 
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Brief Reports 





Fic 2. How plastic adapter probably caused infla- 
tion tube to be trapped in nostril. 


successful in dislodging the trapped end, 
because of the plastic adapter (fig 2). 


The problem was solved by cutting the 
inflation tube, sewing the end of it to a 
nasogastric tube, passing the nasogastric 
tube into the same nostril, and retrieving it 
through the mouth with the attached infla- 
tion tube and plastic adapter following. 


COMMENT 


The inflation tube had undoubtedly be- 
come wrapped around a nasal turbinate. 
Forceful pulling could only result in un- 


303 


necessary trauma and would only wedge the 
plastic adapter against the turbinate. The 
nasogastric tube allowed the adapter to 
change direction and thus be removed 
through the mouth. 


In retrospect, as the inflation tube was 
pulled into the nostril during extraction of 
the endotracheal tube, the plastic adapter 
should have been removed; this probably 
would have allowed the inflation tube to be 
removed without difficulty. Had the plastic 
adapter come off in the nose, the potential 
danger of infection or aspiration would 
arise. 


This ineident suggests the desirability of 
using endetracheal tubes with integral cuffs 
and fused inflation tubes, or inflation tubes 
with a soft tapered rubber end for inflation, 
for nasotracheal intubation. It should also 
be noted that the fused joint of inflation 
tubes on reusable endotracheal tubes with 
integral cuffs may become separated with 
repeated use and sterilization. Thus, fre- 
quently used tubes should be employed with 
caution. 


A recent review! of complications of tra- 
cheal intubation did not mention this prob- 
lem, nor is it mentioned in standard anes- 
thesia texts. Awareness of this unusual oc- 
currence and its management should help 
prevent future mishaps of this nature. 


REFERENCE 
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A Simple Method-of Inserting a Nasogastric 
Tube for Anesthesia 


ANIS BARAKA, MD* 


Mx different technics for the inser- 
tion of a nasogastric tube have been 
recommended.!-1° A simple technic, origi- 
nally proposed by Conroy,” is to introduce 
the nasogastric tube via an endotracheal 
tube inserted through the nose into the 
esophagus. 


An alternative method is to introduce the 


nasogastric tube via a rectal tube, which 
also can be inserted blindly through the 
nose into the esophagus and even into the 
stomach. The firm but flexible wall of the 
rectal tube, its adequate length, and its 
smooth terminal outlet make it more suit- 
able than an endotracheal tube for blind 
nasoesophageal intubation (figure). 


*Chairman, Department of Anesthesiology, American University of Beirut, Beirut, Lebanon. 
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Ficure. Technic of inserting nasogastric and 
rectal tubes: A. Rectal tube, enclosing nasogastric 
tube, is inserted blindly from nose into esophagus. 
B. Nasogastric tube is then threaded further through 
rectal tube into stomach. C. Rectal tube is with- 
drawn while nasogastric tube is left in place. 


ANESTHESIA AND ANALGESIA . . . Current Researches VoL. 55, No. 2, MARCH-APRIL, 1976 


REFERENCES 


1. Lundy JS: Clinical Anesthesia. Philadelphia, 
WB Saunders Company, 1942, p 386 


2. Conroy WA: Insertion of gastric tubes in the 
unconscious patient. Anesthesiology 4:81, 1943 


3. Steen TR: A method of passing Ryle's tubes 
in anaesthetized patients. Br J Anaesth 23:234, 1951 


4. Cohen DD, Fox RM: Nasogastric intubation 
in the anesthetized patient. Anesth & Analg 42: 
578-580, 1963 


5. Ogawa H: A reliable technique for insertion 
of a gastric tube during operation. Surg Gynecol 
Obstet 132:497, 1971 


6. Tahir AH, Adriani J: A method of inserting 
a nasogastric tube in the anesthetized or comatose 
patient. Anesth & Analg 50: 179-180, 1971 


7. Matsuki А, Zsigmond EK: Simple and reliable 
method of inserting a nasogastric tube during anaes- 
thesia. Br J Anaesth 44:610, 1972 


8. Wedley JR: Simple and reliable method of 
inserting a nasogastric tube during anaesthesia. Br 
J Anaesth 44:1117, 1972 


9. Virtue RW: Simple and reliable method of 
inserting a nasogastric tube during anaesthesia. Br 
J Anaesth 45:234, 1973 


10. Mirakhur RK: Simple and reliable method 
of inserting a nasogastric tube during anaesthesia. 
Br J Anaesth 45:1062, 1973 


Acute Cardiovascular Collapse After Intravenous Phytonadione 


PAUL BARASH, MD* 
LUKE M. KITAHATA, MD, PhDT 
SAMUEL MANDEL, MD 


New Haven, Connecticut§ 


А movon a clinical impression!:? exists 
that phytonadione (AquaMephyton®) 
given IV can in rare cases cause hypoten- 
sion, review of the literature reveals no 
documentation of this impression. The fol- 
lowing case report suggests that phytona- 
dione given IV may, however, be associated 
with cardiovascular collapse. 


* Assistant Professor of Anesthesiology. 
{Professor and Chairman of Anesthesiology. 
tAssistant Professor of Anesthesiology. 


REPORT OF A CASE 

A 43-year-old man with squamous cell 
carcinoma of the vocal cord entered Yale- 
New Haven Hospital for a total laryngec- 
tomy. He had been admitted 10 months be- 
fore for evaluation and treatment of Laen- 
nec's cirrhosis. During the prior admission, 
carcinoma of the left vocal cord was also 


$Department of Anesthesiology, Yale University School of Medicine, New Haven, Connecticut 06510. 
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diagnosed, for which the patient received 
radiotherapy. A liver biopsy at that time re- 
vealed severe nutritional cirrhosis and alco- 
holic hepatitis. The patient gave a history 
of heavy alcoholic ingestion over a number 
of years; he was also a heavy cigarette 
smoker (3 packs/day). His only previous 
operation was uneventful removal of a “cyst 
on the spine" 20 years previously. 


At the time of the present admission, the 
patient had hoarseness and occasional bili- 
uria, but otherwise was free of symptoms. 
His weight was 64 kg, and his vital signs 
were normal. Pertinent positive physical 
findings revealed the stigmata of liver dis- 
ease: palmar erythema, gynecomastia, hepa- 
tosplenomegaly, and ascites. 


Laboratory data showed hemoglobin of 
10.8% and a platelet count of 160,000/ml. 
Urinalysis was negative. Prothrombin time 
was 14.2 sec (control 10.8 sec) and partial 
thromboplastin time 43 sec (control 31.5 
sec). Serum electrolytes (mEq/L) were Na' 
134, Cl 85, K^ 3.1, and HCO, 38. Total 
protein was 7 gm % (albumin 2.5 gm % and 
globulin 4.5 gm %). Liver profile showed 
total serum bilirubin to be 2.22 mg % (di- 
rect 1.86%), SGOT 60 ,, (normal «35 џ), 
ammonia 176 mg %, cephalin flocculation 
4+, and thymol turbidity 8.4 » (normal 
<5 yu); serum amylase, lipase, LDH, and 
alkaline phosphatase were all normal. Chest 
x-ray revealed a left pleural effusion. ECG 
showed sinus tachycardia and T-wave ab- 
normality “suggestive of electrolyte abnor- 
mality or drug effect.” 


At 0630 hr, the patient was premedicated 
with diazepam (10 mg) and scopolamine 
(0.5 mg) IM. Prior to induction at 0830, 
an intra-arterial line and a thermodilution 
Swan-Ganz catheter? were placed. Induction 
of anesthesia was with 20 mg of IV diaze- 
pam. Orotracheal intubation was facilitated 
with 10 mg of IV pancuronium. Anesthesia 
was then maintained with O.-halothane 
(99:1). A tracheostomy was performed and 
the airway was then secured with a right- 
angle spiral-wire endotracheal tube ( Boyan) 
through the tracheal stoma. Operation pro- 
ceeded uneventfully. 


Vital signs remained stable throughout 
the next 5 hours of operation, with blood 
pressure 150/90 torr, pulmonary artery pres- 
sure (PAP) 25/14 torr (table), pulse rate 
100, and adequate hourly urine output. 
Albumin, whole blood, and lactated Ring- 
er's solution were used for volume replace- 
ment. 
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At 1300 hr, halothane was discontinued 
and the patient received O. while the dress- 
ing was applied. At 1315, since there was 
still persistent oozing from the cutaneous 
suture line, 10 mg of phytonadione was in- 
jected IV over 10 minutes. Five minutes 
later, there was a precipitous drop in BP 
to 30/10 torr and a drop in PAP to 10/5 
torr. The ECG showed a sinus rhythm at a 
rate of 80/minute. The patient immediately 
was placed in Trendelenburg position and 
CaCl, (1 gm), mephentermine (30 mg), 
dexamethasone (8 mg) were given IV. In 
addition, lactated Ringer's solution, whole 
blood, and fresh frozen plasma were admin- 
istered. Within 3 minutes, the BP rose to 
80/50 torr and returned to the prehypoten- 
sive level within 10 minutes. 


Upon arrival in the recovery room, the 
patient was responsive to his name and 
could move all extremities. However, 45 
minutes later, increased bleeding necessi- 
tated reexploration of the surgical incision, 
under general anesthesia, which revealed 
several bleeding points. These were suture 
ligated. 


At 1900 hr, because of prolonged pro- 
thrombin time, an additional dose of 25 mg 
of phytonadione was administered IM, with- 
out incident. On the 2nd postoperative day, 
10 mg of phytonadione was administered IV 
in 100 ml of D/5-0.2 N saline solution over 
1 hour, without untoward effect. The re- 
mainder of his hospital course was un- 
eventful. 


DISCUSSION 


Phytonadione is the aqueous colloidal 
solution of vitamin K,. Parenteral adminis- 
tration is indicated where the oral route is 
contraindicated or in emergency situations. 
According to Udall, phytonadione should 
be administered IV in emergency situations 
where a severe coagulation defect is present 
secondary to a decreased amount of vitamin 
K,. Absorption from an IM injection in this 
situation can be erratic and should not be 
relied upon. However, because the action of 
vitamin K, is detectable only 3 hours after 
IV administration, fresh frozen plasma 
should be given during this latent period, if 
bleeding secondary to hypoprothrombinemia 
ls severe. 


The etiology of the hypotension in the 
present case is conjectural. With the acute 
decrease in PAP, it would appear that the 
hypotension was caused by peripheral vaso- 
dilation and accompanied by a fall in PAP 
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TABLE 
Significant Cardiorespiratory Measurements 





BP, PAP, Pocos, ^ Pao», BE/ E 
Time torr torr pH torr torr Рӯоз = mEq/L Fios Hct L/min 

Preop 130/80 7.50 38 69 +5 0.21 30 
1015 hr 150/100 28/17 1.63 30 426 56 +11 0.99 30 7.16 
1100 hr 150/100 25/16 7.60 29 375 58 +10 0.99 32 6.37 
1230 hr 150/90 25/14 1.57 32 441 64 +8 0.99 29 5.90 
1330 hr 30/10 10/5 
1345 hr 150/90 25/9 7.59 23 110 +5 1.0 36 5.70 
1410 hr 150/90 25/9 7.54 30 351 +4 1.0 37 
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rather than a rise, which would have been 
expected if myocardial depression were a 
major cause. This acute decrease in PAP 
suggests that left ventricular failure was not 
present, but it does not necessarily rule out 
the presence of right ventricular failure. 
However, the latter is unlikely, since the 
cardiac output of 5.7 L/min was obtained 
only 15 minutes later (table). Therefore, a 
primary myocardial etiology of the hypo- 
tension is unlikely, so it appears that periph- 
eral vasodilation was primarily responsible. 


The patient was stable, no medications 
were administered, and no surgical manipu- 
lation was performed during this period. 
Further, the anesthetic procedure had been 
terminated 25 minutes before the onset of 
hypotension. Therefore, it is highly unlikely 
that there was a temporal relationship to 
any event other than the administration of 
vitamin K,. 


An allergic or anaphylactic response is 
doubtful, since the patient had subsequent 
injections (an IM injection 6 hours post- 
operatively and a prolonged IV injection 
over a 1-hour period on the 2nd postopera- 
tive day) without untoward effects. Thus, 
it appears that either the emulsion (poly- 
ethylated fatty-acid derivatives and dex- 
trose) or the active drug has a peripheral 
vasodilating effect.» 


'The present case is the first documented 
report of a vascular reaction to IV phytona- 
dione, although fatal reactions have been 


reported with other types of fat emulsions.? 
There have been no reports of fatalities as- 
sociated with parenteral use of water-soluble 
vitamin K analogues, but these are ineffec- 
tive in treating drug-induced hypoprothrom- 
binemia.? The fact that the hypotension fol- 
lowed IV administration of phytonadione 
could be explained on the basis of higher 
blood levels associated with IV injection. 


The placement of a Swan-Ganz catheter 
in this case was fortuitous in documenting 
the precipitous drop in PAP associated with 
a drop in systemic arterial pressure follow- 
ing IV injection of phytonadione. 


This case suggests that therapy for hypo- 
tension following injection of phytonadione 
should be directed at correcting the acute 
peripheral vasodilation. 
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Anesthesia and Analgesia . . . Current 
Researches invites original manuscripts on 
subjects pertinent to the specialty of anes- 
thesiology. Original articles accepted for 
publication, or papers presented at the So- 
ciety's annual scientific meetings which sub- 
sequently may be published in the Journal, 
become the property of the International 
Anesthesia Research Society. Reproduction 
in whole or in part is not permitted except 
by written consent of the publisher and the 
author. 


Submit manuscripts in triplicate to— 
T. H. Seldon, M.D., Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901, U.S.A. 


All papers are reviewed by the Editorial 
Board and other selected referees. If ac- 
cepted for publication, editorial revisions 
may be made to aid clarity and understand- 
ing without altering the meaning. Edited 
copy is submitted to authors for approval 
before it is sent to the printer. Page proof 
will be submitted to authors for final ap- 
proval. Reprint order forms will accompany 
page proof. 


Titles should be concise but informative, 
with thought given to the use of key words 
for indexing. Ninety characters, including 
punctuation and spaces, should be sufficient. 


Coauthors’ names should be followed by 
the major degree, professional affiliation, 
and address. 


Abstract: Оп the first page of manuscript, 
an abstract of from 50 to 250 words, accord- 
ing to length of article, but not exceeding 
one double-spaced typed page, should de- 
Scribe purpose, methods, results, and con- 
clusions, as succinctly as possible. This re- 
places both former Capsule Review and 
Summary, but is the same in content and 
format. 


Type manuscript (in triplicate) on 81/4 
x 11-inch white paper, with 115 inch margins 
at top, bottom, and both sides. Double space 
ALL typing, including references, legends 
and footnotes. 


References: About 20 references are ac- 
ceptable. In extensive reviews of the litera- 
ture, readers will be advised that longer 


reference citations can be obtained from 
author. Citations should include (1) last 
name of author followed by initials without 
internal punctuation; (2) commas separate 
names and initials of authors; (3) four or 
more authors are designated as “et al;" (4) 
journal name is abbreviated according to 
Index Medicus style; (5) references from 
books show (a) city of publication, name of 
publisher, date of publication, after book 
title; (6) journal references give volume, 
first and last page numbers, year. (See pre- 
vious issues of Anesth & Analg for style.) 


Tables should be self-explanatory and 
should supplement, not duplicate, the text. 


Photographs should have sharp contrast, 
be on glossy paper unmounted, and 4 by 5 
inches or larger. Polaroid prints damage 
easily in handling and thus may reproduce 
indistinctly. Glossy prints are preferred. 
Submit photographs of roentgenograms with 
contrasts as in original and sharply defined; 
“TOP” must be identified. All illustrative 
materials, charts, etc., must be submitted in 
triplicate, clearly numbered according to 
text and legend. 


Lettering on charts and graphs must be 
large enough to be legible when reduced in 
size. Curves, scatter dots, etc., should con- 
trast with reference lines. 


Drawings must be in black (India) ink 
on white background and should be of pro- 
fessional quality. 


Legends for illustrations should be concise 
and typed on one page. Legends for photo- 
micrographs should show stain and magni- 
fication data. 


Drug names used in the text should be 
generic unless trade names are essential to 
the discussion. 


Multiple Publication: To avoid violating 
existing copyrights, a statement should ac- 
company each submitted article indicating 
that the material in question: 


1. Has not been simultaneously submit- 
ted to another journal. 


2. Has not been previously published 
elsewhere. 
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a. Abstracts of 400 words or less do 
not constitute prior publication. 


b. A report issued by requirement of 
a governmental agency or compar- 
able granting institution does not 
constitute prior publication. 


c. Extracting by news media does not 
constitute prior publication unless 
all vital tables and pertinent con- 
clusions are involved or unless such 
publication was actively solicited 
by the authors. 


Legal considerations require letters of per- 
mission from authors and publishers for use 
of illustrations or quotations originally ap- 
pearing elsewhere, and also written permis- 
sion for use of photographs of identifiable 
patients. Identifying information, such as 
names, initials, hospital numbers, and dates, 
must be avoided. 


When experimentation involving human 
subjects is reported, an appropriate state- 
mw regarding informed consent should be 
made. 


Case reports should include only signifi- 
cant data. Laboratory findings should be 
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restricted to those pertinent to the discus- 
sion. 


Symbols used for respiratory physiology 
should follow Fed. Proc. 9:602, 1950. 


Explanation of abbreviations and symbols 
used within the text should be added as a 
footnote. 


Example: torr: Unit of pressure of 1 mm. 
of mercury at 0° C. and standard gravity. 
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Manuscripts and all illustrations should 
be mailed flat, in triplicate, with cardboard 
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Metric Conversions 




















HEIGHT WEIGHT APPROXIMATE CONVERSIONS FROM METRIC u^ | 
i To Find 

Cm Feet Inches (approx.) Kilograms Pounds Symbol When You Know m by o Fin ymbo 
15 Oft. 6 in. 
30 1 ft. O in. 1 2.2 mm millimeters 0.04 inches in 
45 та. 8 in. 5 n cm centimeters 0.4 inches in 
60 УШ. Y in 10 22 m meters 3.3 feet ft 
75  2ft 5W in 15 d m meters I yardi yd 
105 3 ft. 5 in. 20 km kilometers у miles mi 
1 SH 9-in. 25 55 М 
120 ft 11 in. 30 66 Symbol When You Know Multiply by To Find Symbol 
120 3 3 7 
m Ge 3X p 88 MASS (weight) 

in. 
B inim б о аз, d EU EN. 
B don 55 12 ' tonnes (1000 kg.) 13 short fons 

in 132 | 
n F T пп " 143 Symbol When You Know Multiply by To Find Symbol 
160 5fr 3n. 70 154 TEMPERATURE (exact) 
165 5 ft 5 in. 75 ic oF Fahrenheit 5/9 (after Celsius ec 
170 5 ft 7 in. 80 temperature subtracting temperature 
175 Ут 9 in О 198 32) 
180 5 ft in. 
185 ó ft 1 in. 95 209 

i 100 220 
Ws 6 5m 105 231 В е Е. " 
200 6 н 7 in 110 242 40 o 40 eo 120 160 200 
205 ó ft 9 in 115 253 
20 óf. 11 in 120 264 S009 о 8 le тетот 
215 7 ft 1 in 125 275 
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52. 1973 1 2 3 4 = = 


SINGLE ISSUES PRIOR TO 1954: Write to publisher at address below for listing of issues available 
at $2.00 each. 


BOUND VOLUMES AVAILABLE: $8.00—For Years 1947, 1948, 1949; $10.00—For Years 1953, 1955 


OTHER PUBLICATIONS AVAILABLE: 
"Basic and Clinical Physiology of the Liver" (Supplement to Sept.-Oct. 1965 issue)—$3.00. 
Ten-Year (1960-1969) Cumulative Index— $3.00. 


———————— 


International Anesthesia Research Society 
3645 Warrensville Center Rd. 
Cleveland, Ohio 44122 


Please send me the publications circled above, or listed hereunder: 


O Checkfor$ |^ .  Á enclosed. 


О Please send bill with understanding that ordered material will be sent when payment is 
received. 


Name 


o C ———————————— 
City, State, Zip 








VERSAT ONE” MULTI-PURPOSE DOPPLER INSTRUMENT 


FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 





FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 





VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


| MED 91193] 2°: nore information call or write: 
P.O. Box M (340 Pioneer Way) Mountain View, CA (415) 965-3333 








FLUOTHANE 
VER 100 


In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Inacontinuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 
your Ayerst Representative. 


(HALOTHANE) 


MILLION 


ADMINISTRATIONS 


e nonflammable, nonexplosive 

e permits use of high concentrations of 
oxygen 

e allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

e early obtundation cf pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 

e permits rapid adjustment of depth of 
anesthesia 

e emergence is rapid and tranquil with 
quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
recovery room stay 


\ 
А st | See last page of advertisement 
yer *| for prescribing information. 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 
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The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49* C.-51* C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/ v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid orto wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth cf anesthesia can be 
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rapidly altered. FLUOTHANE progres- 
Sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 


. Current Researches 


FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide (usually in a 50:50 ratio). 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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The Fenwal Dry Heat Blood Warmer is designed for use during single 
or multiple transfusions when precise regulation of blood temperature and flow rate is 
indicated. It utilizes a disposable pase blood- Fami pathway. 


Fenwal Recipient Sets are e available to accommodate your infusion 
requirements. The Single Lead Set is tc be used for the intravenous administration of 
one unit of whole blood, red cells or plasma. The “Y” Recipient Set is designed to permit 
dual hookups for simultaneous administration of blood and/or solutions. The Triple 
Lead Set may be employed in ра | afusion procedures, i.e., blood, solutions, blood 
components and medication. d 


The Fenwal Microaggregate Blood F Filter. is designed to remove 


microaggregates down to 20 microns in size during intravenous administration of 
stored whole blood or red cells. em 


Fenwal Pressure Infusors ien an efficient non-air-dependent method 
for the rapid infusion of whole blood onred cells. 


The Fenwal TYPENEX" Blood Recipient 


Identification System ties together the identity of the transfusion candidate, 
his cross-match request form, blood sample and upto 10 cross-matched units of blood. 


The Fenwal Venous Pressu re Manometer Set is а disposable, 
preassembled unit that permits continu: ous monitoring of the patient's venous pressure 
while performing one simple s 


' The Fenwal P latelet Recipient Set is designed specifically for the 
- infusion of fresh blood and pool оча concentrates. 





Our best to you 


Fenwal Laboratories has long been identified with innovation in modern blood 
handling systems. Our knowledge and experiencein developing and providing 
sophisticated blood processing systems have earned a reputation for 
excellence. Thoroughly researched and tested to meet the demands of the 
medical profession, you can expect the same quality in Fenwal operating room 
devices that helped achieve our recognition with the nation's blood banks. 

The Fenwal Specialist in your hospital can provide you and the other 
members of the operating team with completely detailed information on all of 
our products. Intensive training makes him fully qualified to answer your most 
involved questions regarding up-to-date blood transfusion procedure. Be sure 
to see your Fenwal Specialist the next time he visits your department. 


FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Deerfield, Illinois. U.S.A. 60015. 





Опсоттоп 


Endotracheal Tubes 
From The Most Commonly 


Known Name In Anesthesia 


Now here's a disposable endo tube 
worthy of the OHIO name! 

Uncuffed, or with anatomically 
designed cuffs for a gentle seal. Clear 
tubes, Murphy eye, radiopaque tips, 
depth markings. And a unique inflation 
and pilot balloon assembly. 


OHIO now makes a wide range of 
sizes. Each tube, sterile packed, for one- 
patient use 

Its common knowledge that OHIO is 
the leader in anesthesia equipment. A 
dependable supplier of inhalation agents 
and medical gases. 


Now, watch us move ahead in 
disposables. Endo tubes, an anesthesia 
breathing circuit, filters, masks, airways, 
suction valves, catheters, tubing... Апа 
more coming. With many distribution and 
delivery facilities to keep you supplied. 

Write for Catalog #2604. Or contact 
your OHIO representative about 
disposables. For the common good of 
you and your patients. 


ORIO Medical Products 


P. O. Box 1319, Dept. A&A 
3030 Airco Drive 
Madison, Wisconsin 53701 


JARCO 
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The 
tender 
touch » 


These soft, pliable blood pressure cuffs are ideal for use 

on newborns and infants. Incorporating a Latex bladder, 

minimizing any chances for skin irritation, and Silicon 

wrap-around with 12-inch inflating tube. They are secured by 

the Velcro hook and pile method, with no eyes to hook nor DUPACO 
ends to tuck in. They are instantly peeled apart for easy INCORPORATED 
removal. P.O. Box 98, 


San Marcos, CA 92069 








Cuffs are available in two sizes: 
22080 - 1% x 5” (new born) 
22081 - 2% x 6” (infant) 


For additional information write for brochure number 27. 
















The new standard in patient care 


Prism Laryngoscope, de- 
signed to simplify difficult 
intubations. Enables insertion 
of an endotrocheal tube with 
an unobstructed line of vision. 
Packaged sterile and com- 
plete with reusable light. Cat. No. 1506 

Cat. No. 9041 includes sterile prism 1-11 boxes $4.25 each 
Laryngoscope and Laryngolite, Pack/3 $15.50 12 + boxes $4.00 each 
Cat. No. 9040 Laryngoscope blades only, Tongue Clamp, patented self- 


sterile, Box/10 $29.50 : ; 
Cat. No. 1022 Laryngolite, designed to provide locking ratchet with quick thumb 


release. Excellent for 
aren for Cat. No. 9040, sterile, Box/10 “grabbing” and holding tongue SE 
` 22 forward in either emergency ог 
ee routine anesthesia use. 
[p V NM Disposable. 
Cat. No. 9000, Box/150 $15.75 
Doctor's Six Pak, high- 
intensity, non-flickering beam, 


six lights per pack. Batteries 
not replaceable. 


Laryngeal mirror attachment 
for 006 penlight. Use for 
viewing posterior pharynx and 
larynx when anesthetizing 
prior to bronchoscopy. 
Packaged 10 per box. 





Flexi-Lum, box of three lighted, flexible 
intubation stylettes. High intensity, laryngo- 
scope bulb on tip of 10" flexible shaft. Two 
long-lasting AA alkaline batteries with on-off 
backswitch. Reliable, non-flickering 





performance until batteries are depleted. дауу: Cat. No. 1006 

Excellent for intubation guidelight, emergency “== 1-2 Six Paks, $7.00 each 
anesthesia light or blind intubation procedures. == 3-5 Six Paks, $6.50 each 
Cat. No. 3034, 10" flexible shaft, Pack/3 $31.02 6 + Six Paks, $6.00 each 






We put ideas to work. If not available from your dealer, order 
conce 12707 US. Highway 19 South direct from Concept, Inc. 
БА КИК 3458 Florida residents add 496 sales tax. 
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JACKSON-REES MODIFICATION OF 
AYRES T-PIECE 


as used by leading children's hospitals 


This Infant's Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There are no valves 

to go wrong, or cause added resistance. Dead space has 
been cutto an absolute minimum. Only seconds required 
to change from Maskto Intubation Setup. 









Standard 15mm and 7%” Mask Tapers 


330ES 





Gas Machine 
Mie -*— Fresh Gas 






330-15D 





xs Ê TO RECEIVE THE FOLLOWING LIST — 
А QUOTE NUMBER 330-15 HFSC 

1 of 330ES .75 It. R/B Bag c/w End Plug 

1 of 330-15L 15mm Bag Mount 

1 of 330-15D Corrugated tube 11” long c/w 15mm 
mounts 

1 of 330-15S 15mm Catheter Mount c/w fresh gas 
inlet 

1 of 3301 Fresh Gas Feed Tube 

1 of 620-15 Magill Oral 15mm Connector Size 4.0 

1 of 7001M Lightweight Facepiece Angle 

1 of 332E Rendell-Baker-Soucek Mask Size 1 


7001M 


332-F 





RECOMMENDED BUT NOT INCLUDED 


6 (1 each) 330CF Foregger Coles Tubes 8 to 18 Е.С. 
1 No. 332F Rendell-Baker-Soucek Mask Size 2 


We recommend you purchase a 330LC 1 No. 332L Rendell-Baker-Soucek Mask Size 3 
Leather Case to store this equipment 1 330LC Leather Case 


— prevents loss or damage. 1 of 330-15D Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTRIAL EQUIPMENT 


A division of Claudius Ash Incorporated 
655 - 73rd Street, Niagara Falls, New York 14304 


SEND FOR COMPLETE LITERATURE 


SUBLIMAZE”* (fentanyl) Within 5 minutes I.V., Within 30 to 60 minutes L.V., 
has a uniquely short duration SUBLIMAZE  (fentanyl) reaches the analgesic effect of 

of analgesic action — for more its peak analgesic effect. SUBLIMAZE"* (fentanyl) is 
precise control and minimal risk almost completely dissipated. 
of prolonged narcotic effects. 


? Respiratory depressant effects may last longer than the analgesia and are increased and prolonged with large 
doses, multiple doses or use of postoperative narcotic analgesics. 


є 





-For potent | 
narcotic analgesic 
action with rapid onset 


and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 

SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR“ 
injection* has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 


SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection" 


*INNOVAR injection is composed of a 50:1 mixture of 
droperidol 2.5 mg./cc. and fentanyl 0.05 mg./cc., with 


lactic acid for adjustment of pH to 3.5 + 0.3 


INNOVAR "injection and 

SUBLIMAZE" (fentanyl) injection are available 
for use only upon direction of a phvsician 

For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions for 


SUBLIMAZE fentanyl, please turn page 
© McNeil Laboratories, Inc.. 1974 


SUBLIMAZE (fentanyl) offers: 

О Almost immediate analgesia — peak effect 
within 5 minutes L.V., 8 minutes I.M. 

О Short duration of analgesic action — 30 to 

60 minutes with a single LV. dose of up to 

0.1 mg. (Respiratory depressant effects may last 
onger than the analgesia and are increased and 
prolonged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 





[.] No evidence of liver, heart, or kidney tox- 
icity —expecially valuable in poor-risk patients. 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor- 
risk patients. 

О Immediate reversibility by narcotic 
antagonists. 

O Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

L] Minimal emetic effect — has been used 
successfully to prepare nonfasting patients 

for awake intubation. 

C Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE € 


fentanyl) injection 


Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0 —7.5 


SUBLIMAZE € 


fentanyl) injection 


Description 
Each cc. contains: 
Fentanyl as the citrate $ 
Warning— May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic with ac- 
tions qualitatively similar to those of morphine and meperidine 
SUBLIMAZE fentanyl in a dose of 0.1 mg. (2.0 cc.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of 
meperidine. The principal actions of therapeutic value are analge- 
Sia and sedation. Alterations in respiratory rate and alveolar 
ventilation, associeted with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater. Large doses 
may produce apnea. SUBLIMAZE fentanyl appears to have less 
emetic activity than other narcotic analgesics. Histamine assays 
and skin wheal testing in man, as well as in vivo testing in dogs, 
indicate that histamine release rarely occurs with SUBLIMAZE 
fentanyl. 
`. SUBLIMAZE fentanyl may cause muscle rigidity, particularly 
involving the muscles of respiration. It may also produce other 
Signs and symptorrs characteristic of narcotic analgesics includ- 
ing euphoria, miosis, bradycardia, and bronchoconstriction 

The onset of action of SUBLIMAZE fentanyl is almost imme- 
diate when the drug is given intravenously; however, maximal 
analgesic and respiratory depressant effect may not be noted for 
several minutes. The average duration of action of the analgesic 
effectis 30 to 60 minutes. Following intramuscular administration, 
the onset of action is from seven to eight minutes, and the duration 
of action is from one to two hours. 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect. 

Indications SUBLIMAZE fentanyl is indicated: 

—for analgesic action of short duration during the anesthetic 
periods, premedication, induction, and maintenance, and in the 
immediate postoperative period (recovery room) as the need 
arises. 

—for use as a narcotic analgesic supplement in general or regional 
anesthesia 

—for administration with a neuroleptic such as INAPSINE* (dro- 
peridol) injection as an anesthetic premedication.for the induction 
of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

Contraindications SUBLIMAZE fentanyl is contraindicated in 
patients who are hvpersensitive to the drug 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC 
pr iat SHOULD BE READILY AVAILABLE TO MANAGE 

PNE 

If SUBLIMAZE fentanyl is administered with a tranquilizer 
such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and o*her countermeasures to manage hypotension 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE fentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner betore ordering 
narcotic analgesics during recovery from anesthesia. № is recom- 
mended that narcotics, when required, should be used in reduced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patient's con- 
dition may be recuired to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyl 
Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused. 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received MAO inhibi- 
tors within 14 days is not recommended. 

Head Injuries and increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients who may be 
particularly susceptible to respiratory depression, such as coma- 
tose patients who may have a head injury or brain tumor. In 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 

atients with head injury. 

sage in Children: The safety of SUBLIMAZE fentanyl in children 
younger than two years of age has not been established. 


Usage in Pregnancy: The safe use of SUBLIMAZE fentanyl has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, inthe judgment of the physician, 
the potential benefits outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects; 
therefore, safety for the infant in obstetrics has not been estab- 
lished. 

Precautions The nitial dose of SUBLIMAZE fentanyl should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 


datarminina ineramantal dinane 


0.05 mg. 


Certain forms of conduction anesthesia, such as spinal а! 
thesia and some peridural anesthetics, can alter respiratior 
blocking intercostal nerves. Through other mechanisms (see 
tions) SUBLIMAZE fentanyl can also alter respiration. W 
SUBLIMAZE fentanyl is used to supplement these forms of ar 
thesia, the anesthetist should be familiar with the physiolog 
alterations involved, and be prepared to manage them in 
patients selected for these forms of anesthesia. When used wi 
tranquilizer such as INAPSINE droperidol, blood pressure may 
altered and hypotension can occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patie 
with chronic obstructive pulmonary disease, patients with 
creased respiratory reserve, and others with potentially сотр 
mised respiration. In such patients, narcotics may addition. 
decrease respiratory drive and increase airway resistance. Dur 
anesthesia, this can be managed by assisted or controlled resp 
tion. Postoperatively, respiratory depression caused by пагс‹ 
analgesics can be reversed by narcotic antagonists (levallorph 
nalorphine, and naloxone; consult individual prescribing inforr 
tion before using). Should respiration be compromised by mus 
rigidity, assisted or controlled respiration and possibly a neu 
muscular blocking agent will be required. The occurrence 
muscle rigidity is related to the speed of intravenous injection г 
the incidence can be reduced by slow intravenous injection. 

When atranquilizer such asINAPSINE droperidol is used v 
SUBLIMAZE fentanyl, pulmonary arterial pressure may be 
creased. This fact should be considered by those who cond 
diagnostic and surgical procedures where interpretation of ү 
monary arterial pressure measurements might determine fi 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilize 
narcotics, and general anesthetics) will have additive or potent 
ing effects with SUBLIMAZE fentanyl. When patients have 
ceived such drugs, the dose of SUBLIMAZE fentanyl required ' 
be less than usual. Likewise, following administration 
SUBLIMAZE fentanyl the dose of other CNS depressant drt 
should be reduced. 

SUBLIMAZE fentanyl should be administered with cautior 
patients with liver and kidney dysfunction because of the imp 
tance of these organs in the metabolism and excretion of drug 

SUBLIMAZE fentanyl may produce bradycardia, which т 
be treated with atropine; however, SUBLIMAZE fentanyl sho! 
be used with caution in patients with cardiac bradyarrhythmias 

When SUBLIMAZE fentanyl is used with a tranquilizer such 
INAPSINE droperidol, hypotension can occur. If this occurs t 
possibility of hypovolemia should also be considered and mi 
aged with appropriate parenteral fluid therapy. Repositioning t 
patient to improve venous return to the heart should be cc 
Sidered when operative conditions permit. Care should be ex 
cised in moving and positioning of patients because of t 
possibility of orthostatic hypotension. If volume expansion w 
fluids plusother countermeasures do not correct hypotension, t 
administration of pressor agents other than epinephrine should 
considered. Because of the alpha-adrenergic blocking action 
INAPSINE droperidol, epinephrine may paradoxically decrea 
the blood pressure in patients treated with INAPSINE droperid 
Adverse Reactions As with other narcotic analgesics, the mt 
common serious adverse reactions reported to occur w 
SUBLIMAZE fentanyl are respiratory depression, apnea, mus 
lar rigidity, and bradycardia; if these remain untreated, respirat 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hy| 
tension, dizziness, blurred vision, nausea, emesis, laryngospas 
and diaphoresis 

When a tranquilizer such asINAPSINE droperidol is used w 
SUBLIMAZE fentanyl, the following adverse reactions can occ 
chills and/or shivering, restlessness, and postoperative hallucir 
tory episodes (sometimes associated with transient periods 
mental depression); extrapyramidal symptoms (dystonia, akat 
sia, and oculogyric crisis) have been observed up to 24 hoi 
postoperatively. When they occur, extrapyramidal symptoms c 
usually be controlled with antiparkinson agents. Postoperati 
drowsiness is also frequently reported following the use 
INAPSINE droperidol 
Overdosage Manifestations: The manifestations of SUBLIMA; 
fentanyl overdosage are an extension of its pharmacologic actior 
Treatment: In the presence of hypoventilation or apnea, oxyg 
should be administered and respiration should be assisted 
controlled as indicated. A patent airway must be maintained; 
oropharyngeal airway or endotracheal tube might be indicated 
depressed respiration is associated with muscular rigidity, 
intravenous neuromuscular blocking agent might be required 
facilitate assisted or controlled respiration. The patient should 
carefully observed for 24 hours; body warmth and adequate flt 
intake should be maintained. If hypotension occurs and is seve 
or persists, the possibility of hypovolemia should be consider 
and managed with appropriate parenteral fluid therapy. A speci 
narcotic antagonist such as nalorphine, levallorphan, or naloxo 
should be available for use as indicated to manage respiratc 
depression. This does not preclude the use of more immediz 
countermeasures. Consult the package insert for the individi 
narcotic antagonists for details about use. 

How Supplied SUBLIMAZE* (fentanyl) injection is supplied ir 
cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuls, 
packages of 12. 

IMPORTANT: Complete dosage information is available in ins: 
which accompanies each package (or on request). The drug is avg 
able only upon direction of a physician 

U.S, Patent No. 3,164,600 . 9/ 


McNeil Laboratories, Inc. 


Пле лале D. 10Y324 


McNEIL 
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CLASSIFIED ADVERTISING 


ANESTHESIOLOGIST, D.D.S., wishes to as- 
sociate with physician, a group, or staff posi- 
tion in a hospital, outpatient clinic or surgi- 
center. Completing two-year residency at a 
University Medical Hospital in July 1976. 
Contact Вох 3-76-B, c/o I.A.R.S. 





ANESTHESIOLOGIST needed for southwest- 
ern New Hampshire community. A new 220-bed 
facility with well equipped anesthesia depart- 
ment. Board eligible or board certified anes- 
thesiologist with at least three years experi- 
ence to join an anesthesiologist and CRNAs. 
Competitive salary and liberal fringe benefits. 
Send curriculum vitae and inquiries to Box 
3-76-A, c/o LA.R.S. 





OBSTETRICAL ANESTHESIOLOGIST, Board 
eligible or certified with sub-specialty train- 
ing, to head division of Obstetric Anesthesi- 
ology at rank of instructor or Assistant Pro- 
fessor. Responsibilities to include patient care 
and teaching, with research opportunities. An 
equal opportunity, affirmative action employer. 
Please send c.v. to James R. Harp, M.D., Dept. 
of Anesthesiology, Temple University School 
of Medicine, 3401 North Broad St., Phila., Pa. 
19140. 





ANESTHESIOLOGIST, 31, DOUBLY BOARD- 
ED (ABA, ABIM), Director of anesthesia edu- 
cation, Director of cardiac anesthesia at Beth- 
esda. Leaving the Navy July 1976 and explor- 
ine all options. Offers carefully considered. 
R. Kravetz, M.D., 11748 Cherry Grove Drive, 
Gaithersburg, Maryland 20760. 





FACULTY POSITIONS 


Department of Anesthesiology, University of 
Louisville School of Medicine, has faculty posi- 
tions open for board certified/eligible anesthe- 
siologists. One position reserved for those with 
special interest in obstetrical anesthesia; work 
involves teaching, research and/or coordination 
of clinical activities. Send inquiries and cur- 
riculum vitae to К. P. Geevarghese, M.D., 
Р.О. Box 1055, Louisville, Kentucky 40201. An 
equal opportunity, affirmative action employer. 





ADMINISTRATIVE-TEACHING POSITION 
WANTED: CRNA with seven years clinical, 
teaching and administrative experience, plus 
masters degree. Prefer teaching hospital and 
authority equivalent to responsibility. Salary 
important, not hours. For resumé contact: 
Box 3-76-C in care of I.A.R.S. 


PEDIATRIC ANESTHESIOLOGY 
. RESIDENCY 


Childrens Hospital of Los Angeles 


Three-phase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 
dren. 

AMA approval for third-year residency. Posi- 
tions available from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 

Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 





POSITION WANTED BY CRNA: Experience 
and masters degree. Seeks position as director 
of nurse anesthesia school or division. Resumé 
m request. Reply: Box 3-76-D in care of 
I.A.R.S. 





ANESTHESIOLOGY-—66-man medical group 
located next to modern, accredited 480-bed hos- 
pital seeks Board Certified anesthesiologist to 
join two associates. Located in upper midwest 
university metropolitan area of 105,000; 35 
minutes from superb clean lake region; asso- 
ciated with four-year medical school, teaching 
opportunities available; salary open; all spe- 
cialties represented; will pay travel expenses 
for physician and spouse for interview. Write 
Box 11-75-A in care of I.A.R.S. 


FACULTY POSITIONS 


Department of Anesthesiology, Charity Hos- 
pital, New Orleans, affiliated with LSU and 
Tulane Medical Schools, has three faculty posi- 
tions open for board certified/eligible anesthe- 
siologists at Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 


NEBRASKA Opportunity for Anesthesiolo- 
gist in 450-bed acute care, teaching hospital 
affiliated with two medical schools; must be 
board certified or eligible, salary commensurate 
with education and experience. An equal oppor- 
tunity employer. Contact J. J. Matoole, M.D., 
Chief of Staff, Veterans Administration Hos- 
pital, 4101 Woolworth Avenue, Omaha, Nebras- 
ka 68105. (402) 346-8800, Ext. 442. 





Rates for classified advertising are $3.00 per line, minimum 5 lines. Box number ads $3.50 
per line. Classified Display rates on request. Copy deadline 6 weeks prior to publication. Do 
not submit payment wiih order; invoices will be sent for payment prior to publication. Ad 
copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 


ECG monitoring doesn't have to be expensive — or 
complicated. For only $1500, the six simplified functions 
of TEKTRONIX 408 Monitor give you instantaneous 
ECG display, as well as every important feature for ECG 
monitoring during general anesthesia: 

Three lead selection « Direct heart rate reading • High 
and low rate alarms « Adjustable waveform size control • 
Three selectable sweep speeds • Audible QRS tone • 
AC or internal battery operation « Price includes all 
accessories for ECG. 

If you would like more information or a demonstration of 
the 408 or other TEKTRONIX Portable Patient Monitors, 
simply call collect: (503) 644-0161, Extension 6510. 
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PRECISE, ECONOMICAL, SAFE... 


PT 


RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your # = 
finger tips in а Rals Power Unit. Forget about pumping ‚©, | 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
Scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit 7168 are supplied six to a box with 
adaptor top and metal base. Illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 








ScHuEmann 
а ород; Sne. . : 
480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 = SL-45 
PROFESSIONAL MONITORS EFFECTS OF SKELETAL MUSCLE RELAX- 


ANTS ON THE NEUROMUSCULAR JUNCTION, DETECT- 
INSTRUMENTS COMPANY ING ABNORMAL RESPONSE TO MUSCLE RELAXANTS 
MODEL NS-2 * AND DISTINGUISHES BETWEEN DEPOLARIZING AND 
PERIPHERAL NON-DEPOLARIZING BLOCKADE. 


NERVE STIMULATOR THE MODEL NS-2 


O DELIVERS STIMULI AT 5 SECOND INTERVALS. 
ONE OR FIFTY PULSES-PER-SECOND MAY BE 
SELECTED BY MOMENTARY PUSH-BUTTON 
SWITCHES. 


О OUTPUT IS A MONOPHASIC SQUARE WAVE 
PULSE HAVING A RISE AND FALL TIME OF 
LESS THAN ONE MICROSECOND. AMPLITUDE 
OF PULSE IS LINEARLY ADJUSTABLE. 


O SOLID STATE, RUGGED, BATTERY POWERED, 
PORTABLE AND LIGHTWEIGHT. THE USE OF 
INTEGRATED CIRCUITS ENSURES MAXIMUM 
RELIABILITY. 


О ITIS THE RESULT OF AN AGGRESSIVE, CON- 
TINUING RESEARCH AND DEVELOPMENT PRO- 
GRAM IN NERVE STIUMLATORS AND OTHER 
ELECTRONIC PRODUCTS BY PROFESSIONAL 
INSTRUMENTS COMPANY. 




















* MANUFACTURED UNDER U.S. 
DEVICE AND USE PATENT NO.'S 
3,364,929 *3,565,080*3,612,060 
3,624,484* 3,682,162 






FOR Professional SUITE C5 


: 4800 WEST 34TH ST. 
INFORMATION, CONTACT: d HOUSTON, TEXAS 77018 


PHONE (713) 681-1362 








Air Products and Chemicals, Inc., Medical Products 
Division, Allentown, Pennsylvania, have a new volume 
ventilator called the FOREGGER® 210 Volume Ven- 
tilator. 


It features an IMV (Inter-Mandatory Ventilation) 
function for weaning patients from mechanical ventila- 
tion and an I: E Ratio (Inspiratory:Expiratory) con- 
trol that can be preset and maintained (1:1 to 1:4) 
over a variety of Tidal volumes and breathing rates. 
Other functions include PEEP, Assist, Inspiratory 
Pause, Sigh, and Multiple Sigh. A new high-output, 
minimal-noise compressor that fits between the ventila- 
tor’s legs is available. 


An extensive battery of audio and visual alarms 
designed to monitor the units’ multi-functions, power- 
input and patient life-support systems is part of the 
i new Foregger Ventilator. 





Ж Ж Ж 


General Health Systems, Inc., Northbrook, 
Illinois, have available the Pro-tec Dispos- 
able Scrub Brush and Sponge. Each scrub 
unit contains a bristle brush, foaming sponge 
and nail cleaner packaged in a tear-open 
pack. 





NARKOMED 








TOTAL ANESTHESIA SYSTEM 


NARKOMED, a refreshing new concept шш ur DRAGER 
in anesthesia machine design and styling, P.O. Box 121 
incorporating a contemporary anesthesia Telford, Pa. 18969 
dispensing system with a built-in fluidic 
anesthesia ventilator and the widest variety 
of options. 

Please return the accompanying coupon 
for further information. 


—— Please send information on the NARKOMED 
TOTAL ANESTHESIA SYSTEM 

—_— Please include a copy of Anesthesia Accessories 
Catalog 

— — Please send information on 


NORTH FX AMERICAN DRAGER ТИНЕ 


HOSPITAL 





ADDRESS 


SALE: zx—— ——— — zm 
P.O. BOX 121, TELFORD, PENNSYLVANIA 18969 
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ANESTHESIA and ANALGESIA . . . Current Researches 


INTRODUCING 


the PSI 
5000 


Hecorder 


MEASURES & RECORDS 


ECG • PULSE • 


VITAL PRESSURES 


* ARTERIAL 

* VENOUS 

* INTERCRANIAL 

* PULMONARY WEDGE 


WHEN VERSATILITY COUNTS 


BATTERY OPERATION, VARIABLE AMPLITUDES 
VARIABLE SPEEDS AND TREND - 2.5 to 50 mm/Sec. 
Whenever precise permanent copies are essential. 
The PSI 5000 Recorder is a portable, battery operated, self-contained unit for use in most heart, lung, and blood pressure measurements. The 
PSI 5000 meets AHA specifications for electrocardiography, assuring superior performance in any application requiring high frequency response 


The pen stylus is held in a stress-free mount on a titanium arm to provide exceptional life. It is capable of sustaining up to 1000 G's acceleration 
A fully charged battery will provide up to four hours continuous operation 


Pulmonary Specialties, Inc. J 


231 COMMERCE DRIVE, LARGO, FLORIDA 33540 e TELEPHONE (813) 585-4772 





MARK 
YOUR CALENDAR 


5157 EE: 


CONGRESS 





International Anesthesia Research Society 
MARCH 6-10, 1977 


DIPLOMAT RESORT AND COUNTRY CLUBS 
HOLLYWOOD, FLORIDA 
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In those places where new concepts are readily 
accepted and fresh ideas in medical science 
generated, the BOC Medishield Wright Respiration 
Monitor is established as an important aid to health 
care. In the progressive environment of the theatre 
and ICU, the Wright Respiration Monitor has gained 
immediate acceptance 


The output of the Monitor can be connected to 
external recording apparatus. This trace of tidal and 
minute volumes provides information of diagnostic 
value. Therefore, the innovation enhances the 
value of apparatus as an aid to the investigation of 
patterns of respiration -of individual patients -and 
as aresearch tool of general application 


Features include 
Direct read-out of minute volume 


Mobility of Monitor. Choice of battery or mains 
supply 


Remote from point of measurement. Distant 
continuous monitoring 


Convenient, clearly labelled push-button controls 


Clear precise display of information – 
instantaneously assimilated 


Versatility -Safety- Reliability 


Prstena daciei ewige | 


(_] Please send me full descriptive literature on the Wrigh 

















BOC Medishield (Harlow) Limited Respiration Monitor 
Elizabeth Way, Harlow. OPI | int 
EssexCM195AB, England _] Please call me to arrange an appointment 
444A 2 Telephone Harlow (0279) 29692 J Name _ = E 
Cables: BritoxygenHarlow Position _ = 
Telex: 81497 à — 
XN In Canada Hospital — . E _ rd 
[Бае ^ Medishield Products Limited Га as — 
In USA 
Harris Lake Inc шы - 
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Air Products and Chemicals, Inc.—T'race Gas Monitor. — — — < (64) 
Allergan Pharmaceuticale—Lacri-Lube? |. (11) 
American Optical, Medical Division—Fiber Optic Laryngoscope (32), (33) 
Applied Medical Research Corporation—Dinamap ... 0 00000 (19) 
Ayerst Laboratories—Fluotbane? sis (40), (41), (42) 
BOC Medishield Ltd.—W right Respiration Monitor. (59) 
Burroughs Wellcome Co.—Anectine? _____________ (30), (31) 
Cincinnati Sub-Zero Products, Inc—Blanketro® == ss (61) 
Concept, Inc.—Anesthesia Products 000000000 (48) 
Dupaco, Inc.—Anesthesia Apparatus 00000 (27) 
Dupaco, Inc.—B/ood Pressure Сие (48) 
J. Н. Emerson Company—Emerson Relaxaid/ TM) _ 000000 (63) 
Endo Laboratories—Narcan® |... 00 00000 — (24), (25), (26) 
Fenwall Laboratories—Operating Room System ——— (43), (44), (45), (46) 
Harris-Lake, Inc.—Anesthesia Equipment Catalog... (2) 
McNeil Laboratories, Inc—Innovar® = ess (17), (18) 
McNeil Laboratories, Inc—Sublimaze® sts (50), (51), (52) 
Medical and Industrial Equipment Div., Claudius Ash, Inc.— 

A | T ааа MEME (49) 
Medical Management Company—Management Services 0000000 (61) 
Medsonics, Inc.—Versatone'T Doppler n (39) 
National Catheter Corp—Catheters 0000000 00000000000 (28), (29) 
North American Drager—Narkomed Anesthesia System 00 0 (57) 
Ohio Medical Products—Disposable Endotracheal Tubes 00000 (47) 
Ohio Medical Products—Ezbrage? 0 0 (8), (9), (10) 
O'Neal, Jones & Feldman, Inc—Antilirium у... (20) 
Organon, Inc—Pavulon® = 0 00 0 (219,22), (23) 
Pfizer Laboratories—Vistaril? ILM... 0 ___________ (12), (13), (14) 
о, ne a Cone. Dae mene ee me (62) 
Professional Instruments Co.—Peripheral Nerve Stimulator ..... (55) 
Pulmonary Specialties, Inc—PSI 5000 Recorder 0 0 00 (58) 
А. H. Robifis’Go,, Ine—Dopram® аа ааа o oe (6), (7) 
Royal Victoria Hospital —McGill University— 

1976 Review Course in Anaesthesia -n (61) 


Schuemann Labs (Rals Div.) —Rals Power Unit. 0. ( 55) 
Tektronix, Inc.—Medical Monitor. (54) 
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212-978-6900 516-546-5511 


800-645-2059 


MEDICAL MANAGEMENT CO. 


A National Organization — Established 1946 


COLLECTIONS • DATA PROCESSING 
e MANAGEMENT • 


All Third Party Claims Processed 


Home Office 


76 Pine Street Freeport, N.Y. 11520 
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McGILL UNIVERSITY 


ANNUAL REVIEW COURSE IN 
ANAESTHESIA - 1976 


May 24-28, 1976 


This course is directed towards senior residents, 
candidates preparing for higher examinations and 
full time specialist anesthesiologists. The course 
content has been chosen to review important 
areas of scientific background and clinical prac- 
tice, with emphasis on recent developments. 


Teaching personnel consist of senior members of 
the McGill Faculty of Medicine together with a 
most distinguished guest faculty. 


The meeting is held in a relaxed and attractive 
setting in McGill University. 


FEE: $200.00 
$100.00 (residents) 


For further details write to: 
The Secretary 
Post-Graduate Board 
Royal Victoria Hospital 
687 Pine Avenue, West, 
Montreal H3A 1A1, Quebec 





1200571001059 90084076 


Hyper-Hypothermia System 


SAME BIG VALUE 
NEW SMALL PACKAGE 


Simple two step operation 
Accurate and dependable 
performance 

Exclusive safety features 
Field serviceable 


CINCINNATI 


SUBOZERO ., 


|. PRODUCTS INC. 
2612 Gilbert Avenue, Cincinnati, Ohio 45206 
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throughout 
the world. 


Z*. Send for name of your - 
cy BLANKETROL Dealer _ 











Back 
pressure 


stops here. 


Our new Stylox™ anesthesia medication 
device, with its special ratchet plunger design, 
is all ittakes to stop back pressure. 

No more tiresome disconnecting syringes 
from I.V. lines, or worrying about check valves, 
slide clamps and tubes. . . 

Plus, the ratchet design lets you precisely 
inject incremental doses. 

Stylox. It makes your work a whole lot easier. 
Send for sample now. 


ES 


PHARMASEAL 


GLENDALE, CALIFORNIA 91201 








Hospital 





Address 





City State 


(Clip out and mail to Pharmaseal, 
1015 Grandview Ave., Glendale, CA 91201) 


[— 
R®D-EMERSON 
RELAXAID® 


for CORRECT RELAXANT DOSAGE— 
AVOIDANCE OF OVERDOSE— 
PROMPT RECOVERY — 


The stimulator is programed to deliver pulses, through electrodes, to the 
ulnar nerve. A flexible pneumatic bulb is placed in the patient’s hand, with his 
fingers held against it by tape. The bulb is then air-filled to a pressure of 20 cm. 
H,O. As the fingers flex, even slightly, compression of the bulb is registered on 
an aneroid gauge. The pattern of these responses keeps the anesthetist in- 
formed of the relaxant's effectiveness. 


The more precise monitoring provided by the RELAXAID™ enables relaxant 
levels to be kept adequate but without overdose. During recovery the RE- 
LAXAID® shows the return of strength to the patient's muscles. 


Please request Form 91-E2 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 








f trace anesthetic gas 


sitive Response Program. 


- Besides reports and studies to 
p you put the problem in 
perspective, our “PRP” plan of 

action provides an up-to-date 
look at our products which help 
you detect and scavenge trace 
gas in your OR. Key to our pro- 
gram is the Foregger 410 N;O 
Trace Gas Monitor, a basic 
requirement for any efficient 
trace gas monitoring program. 
It's designed to provide rapid 
and continuous sampling of the 
OR air you breathe. 


The machine has two sensing 
modes—Monitor (0-100 ppm) 
and Leak Test (0-1,000 ppm). 
The first mode continuously 
monitors the ambient air through 
the gas inlet of the machine. 

The second permits probing of 
local concentrations and sounds 
a repetitive burst alarm as the 
gas concentration increases. 









plan of action. 
(Please print or type) 


'ollution control. Send for 









ER 




































Send coupon to: 


Air Products and Chemica 
Medical Products Di 
P.O. Box 538 
Allento 





In short, the Foregger 410 N:O 
Trace Gas Monitor is a logical | 
first step in solving your OR pol- - 
lution problem. And there's 

more. The Scaveng-OR™ 

Gas Evacuator System, the : 
Protect-OR™ Filter, Wall Suction 
Systems, and Air-CARE™ Pre- 
ventive Maintenance Service. 


Based on current data, it’s likely 
that routine monitoring of pol- 
lution levels and scavenging of 
waste anesthetic gases will soon 
be standard Operating Room 
procedure. We're ready to help 
you now. 


Fill out this ad coupon or ask our 
Representative for a Foregger 
PRP Folder. You'll get the prob- 
lem in perspective and a plan 

of action to help correct it. 


FOREGGER 





Inc. 










FOREGGER* 


ало М0 mouros 
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2... CURRENT RESEARCHES 


Outpatient Evaluation: A New Role 
for the Anesthesiologist -=-= Page 307 


The Lateral Sitting Position for Neurosurgery . Page 326 


Table of Contents 


Oldest Publication in the Specialty - Established 1922 


Journal of the International Anesthesia Research Society 


Volume 55, No. 3 May-June, 1976 


5lst Congress 
Hollywood, Florida - March 6-10, 1977 








Blades fit all 
hook-on handles 





Harlake Modified Miller 
Wisconsin 














Polished exterior 
surface—peel proof 


Non-glare 
interior 
surface 






Individually 
stamped for 
identification 











Hook-on handles 
available in three 
Sizes. Standard, 
Lightweight, Penlite 









Frosted lamps with 
solid center 

point contact 

for long life. 







Upon request we stamp for identification the blade 


of Harlake laryngoscopes with the name of: Doctor, 
Hospital, or Department. 


Write for Wall Chart “14 Steps to Oral and Nasal m 
Intubation" and the Goffen Report on the History and a 
development of Laryngoscopes. WE 


HARRIS-LAKE, INC. 


10910 Briggs Road, Cleveland, Ohio 44111 


Telephone (216) 251-8870 
A Medishield Company 
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ANESTHESIA AND ANALGESIA . . . Current Researches is published bimonthly by the Inter- 
national Anesthesia Research Society, a non-profit scientific and educational corporation of the state 
of Ohio. Members of the Board of Trustees of the Society are: Kenneth K. Keown, M.D., John T. 
Martin, M.D., Emerson A. Moffitt, M.D., Dean H. Morrow, M.D., Edwin S. Munson, M.D., B. B. Sankey, 
M.D., T. H. Seldon, M.D., Robert K. Stoelting, M.D. Emeritus Trustees are: Paul R. Dumke, M.D., 
Morris J. Nicholson, M.D. 


, EDITORIAL CORRESPONDENCE and manuscripts should be addressed to: T. H. Seldon, M.D., 
Editor, Kahler East—Suite C, Rochester, Minnesota 55901, U.S.A. Telephone: (507) 288-8655. (See 
"A Guide for Authors" for information conceming manuscript preparation.) Original articles 
accepted for publication, or papers presented at the Society's annual scientific meetings which are 
subsequently published in this Journal become the property of the International Anesthesia Research 
Society, publisher. Reproduction in whole or in part is not permitted except by written consent of 
the publisher and the author. 


BUSINESS CORRESPONDENCE, including subscription and membership payments, single issue 
eade ee change of address notices, requests for membership applications, should be sent to: 
. B. Sankey, M.D., Executive Secretary and Business Manager, International Anesthesia Research 
Society, 3645 Warrensville Center Road, Cleveland, Ohio 44122. Telephones: (216) 295-1124, 295-1130. 


SUBSCRIPTION RATE: $25.00 per year (6 issues), including postage. 


MEMBERSHIP DUES: $25.00 per year, includes a subscription to the Journal. Membership 
available to individuals with doctorate degrees in medicine, osteopathy, dentistry, veterinary medi- 
cine or other disciplines who are engaged either in active clinical practice of or research in 
anesthesiology. Associate Membership available to individuals certified, licensed or accredited in 
anesthesia-related professions (CRNA, ARIT, Physician Assistant) Educational Membership (two 
years for $25.00) available to interns, residents, students in nurse anesthesia and related training 
programs. 


SINGLE ISSUES: $4.50 each for years beginning 1970; $3.00 for years 1954-1969; $2.00 for years 
1928-1953. (See "Back Issues Available" or write to Cleveland business office for listing.) 


REPRINTS: For single copies, write directly to senior author at address listed on title page. 
Quantity orders (minimum 100) processed through Cleveland business office, prices on request. 


MAILING DATES: Journals mailed 25th of January, March, May, July, September and November. 
Second Class postage paid at Cleveland, Ohio. 

CHANGE OF ADDRESS NOTICES: Send to Cleveland business office by first day of the above 
months to ensure correct addressing of Journals. Replacement copies of missing Journals will be 
furnished without charge only if original copy is returned by post office as undeliverable. 

ADVERTISING: Rate sheets, including advertising clearance procedure, available from national 
advertising representative: Charles B. Slack, Inc., 6900 Grove Road, Thorofare, New Jersey 08086— 
Telephone: (609) 848-1000. Orders, contracts, reproduction materials, set copy and classified ad copy 
should be sent only to Cleveland office. 


©1976, International Anesthesia Research Society. 
ESLER NE SS AL а ЕЕН 


Contents 





Volume 55 May-June, 1976 Number 3 


SCIENTIFIC ARTICLES 


OUTPATIENT EVALUATION: A NEW ROLE FOR THE ANESTHESIOLOGIST—Frost ..... 307 


ARTERIAL HYPOXEMIA CAUSED BY INTRAVENOUS KETAMINE— bud. Matsuki, 
Kothary and Jallad . x 311 


FACTORS AFFECTING даро; AFTER OPEN- HEART SURGERY—Sari, Okuda, Takeshita 
e 385 


О еа aon Eu. canta one fades: pub eal o 
HEPATIC CLEARANCE OF LIDOCAINE DURING RNS ANESTHESIA IN DOGS— чау 
and DiFazio i 322 
THE LATERAL SITTING POSITION FOR NEUROSURGERY—Garcia- big Munson 
and Freeman .. be ENNIUS a Ee BER... 326 
INSPIRED AIR TEMPERATURE WITH IMMERSION HEATER HUMIDIFIERS— 
Geevarghese, Aldrete and Patel My „. 331 
CLINICAL INVESTIGATION OF A NEW INTRAVENOUS ANESTHETIC—ETOXADROL 
HYDROCHLORIDE (CL-1848C; U-37862A)—Frederickson, Longnecker and Allen .... 335 


ENDOBRONCHIAL INTUBATION FOR INTRAOPERATIVE PROTECTION OF A SINGLE 
FUNCTIONING LUNG: A CASE REPORT—Brodsky, Abramawitz and Mehrez . .. 340 


PROLONGED NEUROMUSCULAR BLOCKADE WITH PANCURONIUM IN THE PRESENCE 
OF ACUTE RENAL FAILURE: A CASE REPORT—Geha, Blitt and Moon . ; 343 


UNRELENTING HYPOTENSION ASSOCIATED WITH AN ACUTE ABDOMEN IN A 
COMATOSE HEMOPHILIAC CHILD: A CASE CEPOS ERRO ч Wilson and 


Жашаш ato MER TE ан E sant 346 
AN UNUSUAL COMPLICATION OF LUMBOSACRAL PLEXUS BLOCK: A CASE REPORT— 
МУСК апа O T. A E A darem Майа E AE .:350 
PROLONGED NEUROMUSCULAR BLOCKADE ASSOCIATED WITH TRIMETHAPHAN: A 
CASE REPORT—Wilson, Miller, Wright and Hasse ................................ 353 
MEDICAL STATISTICS Il. HOW OFTEN DID THAT HAPPEN?—Harris ................ 357 
THE EFFECT OF ENFLURANE, ISOFLURANE, FLUROXENE, METHOXYFLURANE AND 
DIETHYL ETHER ANESTHESIA ON OUABAIN TOLERANCE IN THE DOG—Ivankovich, 
Miletich, Grossman, Albrecht, El-Etr and. Cairoli oiue. +54114. rnm 360 
THOUGHTS ABOUT MEDICAL WRITING. XXXV. "LET'S CALL IT HEBETIZATION"— 
Roland 4, d hike fret ЕИН. Арат мы docs cides at I DIO БРОВИ 366 
AN EVALUATION OF MEMORY UNDER REGIONAL ANESTHESIA WITH IV LORAZEPAM 
AS A PREMEDIGANT—Taub and .EISenDetg s... rather t rte ER gree alts 368 
ANALYSIS OF TASKS AND HUMAN FACTORS IN ANESTHESIA FOR CORONARY-ARTERY 
BYPASS—Kennedy, Feingold, Wiener and Hosek .................................. 374 
ANESTHETIC CONSIDERATIONS FOR PERICARDECTOMY IN UREMIC PERICARDIAL 
EFFUSIGN=Konehigert and Levitsky з...» +. еа er reete erm mnm 378 
EFFECT OF ISOPROTERENOL AND PROPRANOLOL ON HALOTHANE MAC IN DOGS— 
Tani fl dd. BRE ibs. kins ен шк» yr tud о Ue асале 383 


p— — LLL EE E E 





SCIENTIFIC ARTICLES—May-June, 1976 (Continued) 





CIRCULATORY RESPONSES AND HALOTHANE CONCENTRATIONS DURING GASTRIC 
OR GALLBLADDER TRACTION WITH AND WITHOUT NEUROMUSCULAR 


BLOCKADE-Stoelting, Peterson and Madura ............ . 388 
LARYNGOTRACHEAL RESIDUE DURING ENDOTRACHEAL ANESTHESIA—Lee and 
Gildea ... . 392 
BUTORPHANOL AND MORPHINE: A DOUBLE-BLIND COMPARISON OF THEIR 
3 PARENTERAL ANALGESIC ACTIVITY—Tavakoli, Corssen and Caruso ........ 394 
NITROUS OXIDE ENCEPHALOGRAPHY: 5-YEAR EXPERIENCE WITH 475 PEDIATRIC 
PATIENTS—Elwyn, Ring, Loeser and Myers .................................... . 402 
THE EFFECT OF GENERAL ANESTHETIC AGENTS, OUABAIN, AND ALDOSTERONE 
ON STRIATED MUSCLE CONTRACTION IN TOAD—Amaranath and Andersen ... 409 


METHOXYFLURANE BIOTRANSFORMATION AND RENAL FUNCTION FOLLOWING 
METHOXYFLURANE ADMINISTRATION FOR VAGINAL DELIVERY OR CESAREAN 
SECTION—Young, Stoelting, Bond and Peterson 415 


BOIh CONGRESS RERORT 4 cec tm e как. зиз уз. toc Жыл RERO CER OR . 420 


CASE HISTORY NUMBER 90: CARDIAC DECOMPENSATION DURING ENFLURANE 
ANESTHESIA IN A PATIENT WITH MYOTONIA ATROPHICA—Meyers and Barash .. 433 


BRIEF REPORTS 


DEFECTIVE DISPOSABLE ENDOTRACHEAL TUBE—Chiu and Meyers .. ; . 437 
FATAL COMPLICATION FROM SWALLOWED DENTURE FOLLOWING PROLONGED 
ENDOTRACHEAL INTUBATION: A CASE REPORT—Kroesen and Haid ........... 438 
HYPERCAPNIA DURING CYCLOPROPANE ANESTHESIA: A CASE REPART BANAN, 
Booth and Modell ................... . 439 
Ld CALIBRATION OF THE NARKOTEST* GAS MONITOR FOR ISOFLURANE— Velazquez 
and Feingold ............. . 441 





FEATURES 
People and Places" ^з... (15) | Book Review... Eau e 465 
We Salute, Paul R. Dumke, M.D. ............ 443 | Scientific Articles, Next Issue .............. (35) 
COLSSponellCe. 4... аб асаа 445 A Guide for Authors ....................... (36) 
Өк с. ДЕ Back Issues. Available. „С... ces (38) 
ptis do ego M ОША Classified Advertising ..................... (48) 
The Physician and The Law . ...... ) 459 Something New л А... (54) 
Questions and Answers .......... seas 460 1 Index of Advertisers ......... esses (69) 


b. 





In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times ina wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

In a continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE наг отнаме) 
OVER 100 MILLION 
ADMINISTRATIONS 


e nonflammable, nonexplosive 

e permits use of high concentrations of 
oxygen 

e allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

e early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 

e permits rapid adjustment of depth of 
anesthesia 

e emergence is rapid and tranquil with 
quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
recovery room stay 








A st | See last page of advertisement 
yer *| for prescribing information. 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 

N "4 
F—— С — с — @ 

v N 

F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51* C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/ gas coefficient is 2.5at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/ v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
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rapidly altered. FLUOTHANE  progres- 
Sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and leryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
becorre. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 


. Current Researches 


FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration > 
should be preceded by measures ordi- . 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation, 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide (usually in a 50:50 ratio). 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 

7522 


AYERST LABORATORIES 
New York, N.Y. 10017 


Ayerst. 


NARKOMED 











TOTAL ANESTHESIA SYSTEM 


NARKOMED, a refreshing new concept NORTH AMERICAN DRAGER 


in anesthesia machine design and styling, 
incorporating a contemporary anesthesia 
dispensing system with a built-in fluidic 
anesthesia ventilator and the widest variety 


ә Р.О. Вох 121 
! Telford, Ра. 18969 


——— Please send information on the NARKOMED 
TOTAL ANESTHESIA SYSTEM 





of options. — jud a copy of Anesthesia Accessories 
for further information. 
NAME 
sae TITLE 
NORTH AMERICAN DRAGER 
HOSPITAL 
ADDRESS 
STATE В 


P.O. BOX 121, TELFORD, PENNSYLVANIA 18969 


тшк -— m ase san nana 


| 
| 
| 
| 
| 
| 
| 
Please return the accompanying coupon | ____ Please send information on 
| 
| 
| 
| 
| 
| 
| 
| 
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Nesacaine 


(Chloroprocaine Hydrochloride) 


1% and 2% solution in 30-ml. multiple-dose vials 
For Infiltration and Regional Anesthesia 


Nesacaine-C E 


(Chloroprocaine Hydrochloride) 


2% and 3% solution in 30-ml. single-dose vials 


For Caudal and Epidural Anesthesia 


INDICATIONS 

NESACAINE in multiple dose vials and NESACAINE-CE in 
single dose vials without preservatives are indicated for 
production of local anesthesia by infiltration injection and 
nerve block.* 

*NESACAINE in multiple dose vials with preservatives is 
not to be used for caudal or epidural anesthesia. 
NESACAINE-CE contains no preservatives and the unused 
portion must be discarded after initial use. 


CONTRAINDICATIONS 

NESACAINE and NESACAINE-CE are contraindicated in 
patients hypersensitive to drugs of the PABA ester group. 
Central nervous system disease is generally considered a 
contraindication to caudal or epidural nerve block. 


WARNINGS 

RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE 
IMMEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC 
IS USED. As NESACAINE-CE contains no preservative, 
discard unused drug remaining in vial after initial use. 
Equipment and drugs necessary for the treatment of inad- 
vertent intravascular injection, intrathecal injection, or 
excessive dosage should be immediately available. 

Usage in Pregnancy: Safe use of chloroprocaine hydro- 
chloride has not been established with respect to adverse 
effects upon fetal development. Therefore, it should not be 
used in women of childbearing potential unless in the judg- 
ment of the physician the potential benefits outweigh the 
unknown hazards. In obstetrics, if vasoconstrictor drugs are 
used either to correct hypotension or are added to the local 
anesthetic solution, the obstetrician should be warned that 
some oxytocic drugs may cause severe persistent hyperten- 
sion and even rupture of a cerebral blood vessel may occur 
during the post partum period. 

Solutions containing vasoconstrictors, particularly epi- 
nephrine and norepinephrine, should be used with extreme 
caution in patients receiving certain antidepressants such as 
MAO inhibitors, and tricyclic compounds since a severe 
prolonged hypertension may occur. 


PRECAUTIONS 
The lowest dosage that results in effective anesthesia should 
be used to avoid high plasma levels and serious undesirable 
systemic side effects. Tolerance varies with the status of the 
patient. Debilitated patients, elderly patients, acutely ill 
patients, and children should be given reduced doses com- 
mensurate with their age and physical status. 
Solutions containing vasoconstrictors should be used 
cautiously in the presence of disease which may adversely 
affect the patient's cardiovascular system. 
Chloroprocaine hydrochloride should be employed cau- 
tiously in persons with known drug allergies or sensitivities. 
The decision whether or not to use local anesthesia in the 
following conditions depends on the physician's appraisal of 
the advantages.as opposed to the risk: 
Paracervical block when fetal distress is anticipated or 
when predisposing factors causative of fetal distress are 
present (i.e., toxemia, prematurity, diabetes, etc.). Injec- 
tion of solutions containing epinephrine in areas where 
the blood supply is limited (i.e., ears, nose, digits, etc.) or 
when peripheral vascular disease is present. 


ADVERSE REACTIONS 

Adverse reactions result from high plasma levels due to 
rapid absorption, inadvertent intravascular injection or 
excessive dosage. Hypersensitivity, idiosyncrasy, or di- 
minished tolerance are other causes of reactions. Reactions 
due to overdosage (high plasma levels) are systemic and 
involve the central nervous system and the cardiovascular 
system. 

Reactions involving the central nervous system are charac- 
terized by excitation and/or depression. Nervousness, dizzi- 
ness, blurred vision or tremors may occur followed by 
drowsiness, convulsions, unconsciousness and possibly 
respiratory arrest. Since excitement may be transient or 
absent, the first manifestations may be drowsiness merging 
into unconsciousness and respiratory arrest. 





Reactions involving the cardiovascular system include 
depression of the myocardium, hypotension, bradycardia 
and even cardiac arrest. 

Treatment of a patient with toxic manifestations consists of 
maintaining an airway, and supporting ventilation using 
oxygen and assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular system consists 
of using vasopressors, preferably those that stimulate the 
myocardium (e.g., ephedrine) and intravenous administration 
in small increments of an ultrashort acting barbiturate 

(i.e., thiopental, thiamylal) or a short acting barbiturate if 
these are not available (secobarbital, pentobarbital) or a 
short acting muscle relaxant (succinylcholine), together with 
oxygen. Muscle relaxants and intravenous barbiturates 
should be used only by those familiar with their use. 
Allergic reactions are characterized by cutaneous lesions, 
urticaria, edema and other manifestations of allergy. The 
detection of sensitivity by skin testing is of doubtful value. 


DOSAGE AND ADMINISTRATION 

The maximum single recommended doses of chloroprocaine 
hydrochloride are: without epinephrine, 800 mg.; with 
epinephrine (1:200,000), 1000 mg. The recommended dosage 
is based on requirements for the average adult and should 
be reduced for elderly or debilitated patients and children. 
The recommended doses given below serve only as a guide 
to the amount of anesthetic required for most routine 
procedures. 


1. INFILTRATION AND NERVE BLOCK (NESACAINE) 


Type of Block Volume Concentration 
Occipital 3-5 ml. 196-296 
Mandibular 2-3 ml. 2% 
Maxillary 2-3 mi. 2% 
Infra-orbital 0.5-1 ml. 296 
Cervical 3-4 ml. 196-296 
(for each segment) 

Brachial plexus 30-40 ml. 2% 
Ulnar nerve 3-5 ml. 2% 
Paravertebral 3-5 ml. 296 
Intercostal 3 ml. 196-296 
Sciatic nerve 10-15 ml. 296 
Stellate ganglion 5-10 ml. 196-296 
Lumbar sympathetic 

needle technic) 15-20 ml. 196-296 

terdigital 3-4 ml 196-296 


(without epinephrine) 
Fractional doses, up to 300 to 600 mg., may be given 
at 50 minute intervals. 


2. CAUDAL AND EPIDURAL BLOCK (NESACAINE-CE) 

For caudal anesthesia the initial dose is 15 to 25 ml. of a 2% 
or 396 solution. Repeated doses may be given at 40 to 60 
minute intervals. 

For epidural anesthesia in the lumbar and sacral regions 

2.0 to 2.5 ml. per segment of a 296 or 396 solution can be 
used. The usual total volume of Nesacaine-CE is from 15 to 
25 ml. Repeated doses 2 to 6 ml. less than the original dose 
may be given at 40 to 50 minute intervals. 


HOW SUPPLIED 

Nesacaine is supplied as follows: 
1% solution (10 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per carton. 
296 solution (20 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per.carton. 

Nesacaine-CE is supplied as follows: 
296 solution (20 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 
3% solution (30 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 


Ve MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester. New York 14603 
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™ > Alocal 

” 7 anesthetic 

should meet your 
needs... 


Rapid Onset of Action. Saves doctor, nurse and patient time. 


Effective Anesthesia. Nesacaine (Chloroprocaine Hydrochloride) offers 80% to 
90% pain-free procedures at recommended doses. 


Exceptional Safety. Less potential for postoperative complications. Nesacaine is 
rapidly hydrolized in plasma, whereas lidocaine and other amide-type local 
anesthetics are metabolized in the liver. With Nesacaine, therefore, there is minimal 
potential risk of systemic toxicity, accumulation of metabolites, stimulation of CNS 
or cardiovascular effects. 


Excellent Penetration. Chloroprocaines lipid solubility and ionization charac- 
teristics impart it with excellent penetration. 


Minimal Irritation at Injection Site. Few patient complaints about procedural pain, 
little soreness and inflammation after procedure. 


Rapid and Complete Wear-Off. No residual numbness, patient back to normal 
faster. 


See opposite page for brief 
prescribing information. 


Look Into. 
Nesacaine 


(Chloroprocaine Hydrochloride) 
It meets your needs. 
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NARCOTIC 
ANESTHESIA 


* Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN* 
(naloxone HCI) 

* Narcan? in sufficient doses wil 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


* The degree of narcotic 
antagonism exhibited by 
NARCAN® is dose dependent 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depressior 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCOz 


* Maintain subjective analgesia 


THE METHOD: 

• 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with №0-02. 
Increments of 0.1 mg fentanyl 
were given І.М. every 10 
minutes during surgery. 

Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increments, 
at 1 minute intervals until the 
patient was awake, lucid and. 

1, Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 had adequate tidal and minute 
NARCAN? is an Endo registered U.S. trademark; U.S. Pat. 3,254 088 volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone I.M. 
30 minutes after the initial 

|. V. dose. 


11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 1% hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly І.М. followed by 
thiopental and was maintained 
by N20-0». Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
P first hour. Further morphine 

-was given as needed. For 

initial narcotic reversal, 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given І.М. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an |. М. dose 
of naloxone equal to half the 

| М. reversal dose and given % 
hour later provided adequate 
narcotic reversal. 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE FENTANYL 
55 


60 90 120 1x 180 


Contro 30 


8 


P 
а 


9 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 
8 5 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 1. Contro! and postoperative РаСО; in 6 patients 
receiving | V. апа! М naloxone following fentany 


b 


THE RESULTS 
(morphine group): 

e “After other narcotics, such as 
morphine, an I.M. dose of 
naloxone equal to the I. V. dose 
appears appropriate: 


ARTERIAL CARBON DIOXIDE TENSIONS 
MEANS = SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NALOXONE TO ANTAGONIZE MORPHINE 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 
g E 


"o 30 60 9 120 150 180 21 2а 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 2. Control and postoperative PaCO» in 11 patients 

receiving I V. and I. M. naloxone following morphine 

THE CONCLUSIONS: 
. 


"Naloxone provides fast, 
potent,and reliable antagonism 
to narcotic-induced respiratory 
depression.” 


“By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia is 
maintained.” 


"Both morphine and fentanyl 
groups had adequate anal- 

gesia, with only 2 patients [ of 
total 21] requiring pain medi- 
cation in the recovery room.” 
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e reverses all degrees of 
narcotic-induced respiratory 
depression 


• does not cause narcotic-like 
effects 


* does not augment non- 
narcotic depression 


e acts rapidly—generally within 
2 minutes following І.У. use 
and slightly less rapidly when 
given I.M. 


* does not lead to tolerance 


* does not produce psychoto- 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dose 
doesn't produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


• following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of 
some narcotics may exceed 
that of NARCAN* 


Please see next page for com- 
plete prescribing information. 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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-restored consciousness 

-reversed narcotic-induced 
respiratory depression ү 

maintained subjective analgesia 


NARCAN 


(naloxone HCI 
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ANESTHESIA and ANALGESIA . . . Current Researches 


can reverse narcotic-induced respiratory depression 
while maintaining subjective analgesia 





( 


DESCRIPTION NARCAN® (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group or the nitrogen 
atom is replaced by an allyl group 


CH, CH=CH, 
N 
N07 и 
HO o o 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone НСІ) 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water. slightly solu- 
ble in alcohol and practically insoluble in ether. 


NARCAN* (naloxone hydrochloride) Injection is available in two concentrations. 0.02 mg and 0.4 
mg of naloxone hydrochloride per ml. Each ml of either strength contains 8.6 mg of sodium chlo- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1 pH is 
adjusted with hydrochloric acid 

ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, i.e., it 
does not possess the “agonistic” or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN® (naloxone hydrochloride) does not produce respiratory depression, psycho- 
tomimetic effects or pupillary constriction. In the absence of narcotics ог agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 

In the presence of physical dependence on narcotics NARCAN" (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence. 

When NARCAN® (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action 15 dependent upon the 
dose and route of administration of NARCAN® (naloxone hydrochloride). intramuscular adminis- 
tration produces a more prolonged effect than intravenous administration. The fequirement for 
repeat doses of NARCAN® (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized. 

INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic narcot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine 

NARCAN® (naloxone hydrochloride) is also indicated for the diagnosis of suspected acute opiate 
overdosage. 

CONTRAINDICATIONS NARCAN® (naloxone hydrochloride) is contraindicated in patients known to 
be hypersensitive to it. 

WARNINGS МАКСАМ” (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 
opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 

The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN® (naloxone hydrochloric) should be 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN® (naloxone hydrochloride). 

NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs. 

Usage in Pregnancy Safe use of МАКСАМ” (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, МАКСАМ" 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 

PRECAUTIONS In addition to МАКСАМ“ (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning. 


In an isolated report two patients with pre-existing ventricular irritability requiring licacaine, and 


NARCAN 


naloxone HCI) 


either isoproterenol or epinephrine for hypotension following cardiopulmonary bypass proced 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochlorit 
IV. at 9 and 14 hours, respectively, Postoperatively for persistent unresponsiveness Althoug 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochlt 
should be used with caution in patients with cardiac irritability. 

ADVERSE REACTIONS In rare instances nausea and vomiting have been reported in postoper. 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommende 
cause and effect relationship has not been established 

DOSAGE AND ADMINISTRATION МАКСАМ“ (naloxone hydrochloride) may be administered intr: 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations 

Since the duration of action of some narcotics may exceed that of NARCAN* (naloxone hydroc 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose — Known ог Suspected The usual initial adult dose is ( 
mg (1 ml) МАКСАМ“ (naloxone hydrochloride) administered I.V., I.M. or S.C. If the desired deg 
of counteraction and improvement in respiratory function is not obtained immediately followii 
1.У. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obt 
significant improvement after 2 or 3 doses Suggests that the condition may be due partly or ¢ 
pletely to other disease processes or non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following 
use of narcotics during surgery, smaller doses of NARCAN” (naloxone hydrochloride) are usua 
sufficient. The dose of NARCAN® (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN® (naloxone hydrochloride) may result in sigr 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia 

For the initial reversal of respiratory depression, МАКСАМ” (naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal i.e., adequate ventilation and alertness without significant pain or 
comfort 

Repeat doses of NARCAN* (naloxone hydrochloride) may be required within one to two hour in 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect 

USAGE IN CHILDREN Narcotic Overdose — Known or Suspected The usual initial child dose i: 
0.01 mg/kg body weight given I.V., I.M. or S.C. This dose may be repeated in accordance with 
adult administration guideline. If necessary, NARCAN" (naloxone hydrochloride) can be dilute 
with sterile water for injection 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered I.V., І.М. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN® (naloxone hydrochloride) for intravenous, intramuscul 
and subcutaneous administration 

Available in 1 ml ampuls in boxes of 10 and 100. 

0.02 mg/ml of NARCAN* (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra 
muscular and subcutaneous administration 

Available in 2 ml ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDso is 150 
mg/kg and 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rat 
the LDso (95% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effe 
were seen at 10 mg/kg/day for 3 weeks. 

Reproductive studies including fertility, general reproductive performance, embryotoxicity, tera 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg/day. 
NARCAN* (naloxone hydrochloride) Ampuls 

Stocked in Military Depot, NSN 6505-00-079-7867 


Endo Laboratories, Inc. 


Subsidiary of E.I. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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PEOPLE 
and 
PLACES 





The Department of Anesthesiology, West Virginia University School of Medi- 
cine, is sponsoring a Continuing Medical Education activity, entitled “Anesthesia 
Update 1976," June 26, 1976, at Lakeview Country Club, Morgantown, West Vir- 
ginia. 


* * * 


The Third Annual Symposium, “Anesthesia and the Geriatric Patient," spon- 
sored by the Department of Anesthesiology, Washington University School of 
Medicine, St. Louis, Missouri, will be held November 12, 13, 14, 1976, at the Mar- 
riott Motor Hotel, St. Louis, Missouri. For more information, write to: Leonard W. 
Fabian, M.D., Department of Anesthesiology, Washington University School of 
Medicine, 660 South Euclid Avenue, St. Louis, Missouri 63110. 


* * * 


The Department of Anesthesiology at New York University Post-Graduate 
Medical School is offering its second annual continuing education course, “Current 
Trends in Clinical Anesthesia,” on September 18 and 19, 1976. 


This course is designed to assist practicing anesthesiologists in updating clini- 
cal skills through theoretical and practical lectures and demonstrations. 


For further information contact Dr. James Cottrell, Department of Anesthesi- 
ology, NYU School of Medicine, 550 First Avenue, New York, New York 10016. 


Ж * ж 


Henry Knowles Веесһег, MD, has been named the first recipient of an award 
for contributions to ethics and the life sciences established in his name by the In- 
stitute of Society, Ethics and the Life Sciences. Dr. Beecher is Henry Isaiah Dorr 
Professor of Research in Anaesthesia Emeritus at Harvard Medical School and a 
founding Fellow of the Institute. 


í The Henry Knowles Beecher Award for Contributions to Ethics and the Life 
Sciences will honor those whose careers have combined devotion to the highest 

— ideals of scholarship and research with a dedication to ethical inquiry. It will be 
given at least once every five years but not more than once every two years. 
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A quick recovery’ 
anesthetic 
for short surgical procedures 


Ethrane’ (enflurane) fulfills your anesthetic require- 
ments for short surgical procedures. 


Fast Induction, Rapid Recovery. The low blood/ 
gas partition coefficient of ETHRANE (1.91 at 37°C) 
assures rapid patient induction with minimal excitation. 
Its mild, pleasant odor is highly acceptable and 
ETHRANE does not stimulate increased salivation or af- 
fect bronchomotor tone.’ Pharyngeal and laryngeal re- 
flexes can be quickly and easily obtunded. Following 
anesthesia, because of its low blood solubility, 
ETHRANE is promptly eliminated at the lungs, permit- 
ting rapid emergence and recovery.? 


Stable Cardiac Rhythm. Cardiac rhythm usually re- 
mains normal during ETHRANE anesthesia and is not 
altered even with elevations in arterial carbon dioxide." 
Although nodal or atrial arrhythmias occasionally ap- 
pear, ventricular extrasystoles are rare. Heart rate is sus- 
tained at preanesthetic levels. Bradycardia or tachycardia 
do not normally occur. Blood pressure tends to be re- 
duced with induction, but this effect is reversed with sur- 
gical stimulation.* 


Excellent Muscle Relaxation. At clinical concentra- 
tions, ETHRANE usually provides muscle relaxation 
sufficient for lower abdominal procedures. In addition, 
relaxation is often adequate for procedures of the upper 


abdomen. If greater relaxation is required, its potentia- 
tion of nondepolarizing relaxants reduces the dosage of 
such adjunctive neuromuscular blocking agents.* 


Few Anesthetic A ftereffects. Following cessation of 
anesthesia with ETHRANE, recovery is rapid, unevent- 
ful, and complete. Postoperative return of adequate pul- 
monary ventilation is rapid.' Nausea, vomiting, and 
delirium are rare. Usually there is an early return of 
lucidity, desire for fluids, and generally a feeling of well- 
being. ` 





WARNING: Motor activity exemplified by move- 
ment of various muscle groups and/or seizures may 


be encountered with deep levels of ETHRANE (en- 
flurane) anesthesia. For additional warnings, contrain- 
dications, and precautions, see following page. 





Films Available for Medical Education. As a serv- 
ice to the anesthesia profession, Ohio Medical Products 
has available, without charge, motion pictures for use in 
continuing medical education. Topics include such areas 
as "Management of Ambulatory Surgical Procedures” 
and "The Use of ETHRANE." To arrange for a personal 
or group showing, contact your OHIO Anesthetic Rep- 
resentative, or write to our Communications Department 
in Madison, Wisconsin. 


Ethrane 


(enflurane) 


Versatile in Concept-Versatile in Performance 


Ohio Medical Products 


3030 AIRCO DRIVE 
MADISON, WISCONSIN 53701 


Aco’ 


See following page for full disclosure 


Г. ® 
Ethrane (enflurane) versatile in concept... Versatile in performance. 


CAUTION: Federal Law Prohibits Dispens- 
ing without Prescription 


Description: ETHRANE (enflurane) is а 
nonflammable anesthetic agent. It is 
2-chloro-1,1,2-trifluoroethyl difluoromethyl 
ether, and its structural formula is: 


Some physical constants of the compound 
are: 


Molecular weight 184.5 
Boiling point 760 
mm Hg. 56.59C 


Refractive index nb” 1.3026-1.3030 


Specific gravity 


259/259C 1.517 
Уарог ргеѕѕиге іп 

mm Hg.** 209C 174.5 

259C 217.7 

36°С 345.2 


**Equation for calculation of enflurane 
vapor pressures: 





logio P=A+ 8 B К 
T T = °C +273.16 (Kelvin) 


Partition coefficients @ 37°C 


Water-gas 0.82 

Blood-gas 1.91 

Oil-gas 98.5 

Partition coefficients @ 25°С— 

rubber and plastic 

Conductive rubber 74.0 

Butyl rubber 90.0 

Polyvinylchloride 120.0 

Polyethylene w20 

Polyurethane 1.5 

Polyoletin 01.2 

Butyl acetate «3.0 
Solubility of entlurane 

in НгО at 22°C 0.275% 
Solubility of H20 in 

enflurane 0.13% 
Purity by gas 

chromatography >99.9% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to 
saturation at 71 and 113°F 
and 743 mm Hg. pressure.) 

M.A.C. (Minimum alveolar concentration) 


Man with pure oxygen 1.68 
Man with 70% nitrous oxide 
0.56 (est.) 


ETHRANE is a clear, colorless, stable 
liquid without added chemical stabilizers. 
ETHRANE has a mild, sweet odor. Storage 
of samples in indirect sunlight in clear, 
colorless glass for a five year period, as 
well as direct exposure for 30 hours to a 
2 amp, 115 V., 60 cycle long wave U.V. 
light, produced no changes in composition 
detectable by gas chromatography. 
ETHRANE in one normal sodium methoxide- 
methanol solution, a strong base, for over 
six months consumed none of the alkali, 
indicative of strong base stability. 
ETHRANE does not decompose in contact 
with soda lime. ETHRANE does not attack 
aluminum, tin, brass, iron or copper. 


Actions: ETHRANE (entlurane) is an in- 
halation anesthetic. Induction and re- 
covery from anesthesia with ETHRANE are 
rapid. ETHRANE does not appear to stim- 
ulate excess salivation or tracheobronchial 
secretions, or affect bronchomotor tone. 
Pharyngeal and laryngeal reflexes are 
readily obtunded. The level of anesthesia 
changes rapidly with ETHRANE. ETHRANE 
reduces ventilation as depth of anesthesia 
increases. ÉTHRANE provokes a sigh re- 
sponse -reminiscent of that seen with di- 
ethyl ether. 

There is a decrease in blood pressure 
with induction of anesthesia, followed by 
a return to near normal with surgical stimu- 
lation. Progressive increases in depth of 
anesthesia produce corresponding in- 
creases in hypotension. Heart rate remains 
relatively constant without significant 
bradycardia. Electrocardiographic monitor- 
ing or recordings indicate that cardiac rhy- 
thm remains stable. Elevation of the carbon 
dioxide level in arteria! bloed does not 
alter cardiac rhythm. ÉTHRANE sensitizes 
the myocardial conduction system to epine- 
phrine in dog and can produce serious 
arrhythmias. Comparable information in 
man is not available. 


Muscle relaxation 15 adequate for intra- 
abdominal operation at normal levels of 
anesthesia. Should greater relaxation be 
necessary, minimal doses of muscle relax- 
ants may be used. All commonly used 
muscle relaxants are compatible with 
ETHRANE. The nondepolarizing muscle 
relaxants are markedly potentiated. Neo- 
stigmine does not reverse the direct effect 
of ETHRANE. 


Biotransformation of ETHRANE (enflu- 
rane) in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These 
levels are well below the 50 mM/L seen to 
produce renal damage in normal subjects; 
however, it iS possible that these levels 
could result in damage in patients with 
severely impaired renal function or those 
undergoing renal transplantation 


Indications: ETHRANE (enflurane) may be 
used for induction and maintenance of 
general anesthesia. Adequate data have 
not been developed to establish its appli- 
cation in obstetrical anesthesia. 


Contraindications: Seizure disorders (see 


WARNINGS). 
Known sensitivity to ETHRANE (enflu- 
rane) or other halogenated anesthetics. 


Warnings: Increasing depth of anesthesia 
with ETHRANE (enflurane) produces a 
change in the electroencephalogram char- 
acterized by high voltage, fast frequency, 
progressing through spike-dome complexes 
alternating with periods of electrical si- 
lence to frank seizure activity. The latter 
may or may not be associated with motor 
movement. Motor activity, when encoun- 
tered, generally consists of twitching or 
“yerks'’ of various muscle groups; it is 
self-limiting and can be terminated by 
lowering the anesthetic concentration. This 
electroencephalographic pattern associ- 
ated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial 
carbon dioxide tension. The pattern serves 
as a warning that depth of anesthesia is 
excessive. Cerebral blood flow and metabo- 
lism studies in normal volunteers during 
seizure patterns show no evidence of cere- 
bral hypoxia, and recovery appears to be 
uncomplicated. 

Since levels of anesthesia may be altered 
easily and rapidly, orly calibrated vapor- 
izers which measure output with reasonable 
accuracy should be used. Hypotension and 
respiratory exchange can serve as a guide 
to anesthesia depth. With deep levels of 
anesthesia, more marked hypotension and 
respiratory depression are encountered. 


The action of nondepolarizing relaxants 
is augmented by ETHRANE. Less than the 
usual amounts of these drugs should be 
used. The time for recovery from the 
myoneural effect of these relaxants is 
greater in the presence of ETHRANE than 
for other commonly used anesthetics. 


The safety of the use of epinephrine 
topically and subcutaneously has not been 
established in man. 


Usage in Pregnancy: Safety in pregnancy 
has not been established. Reproduction 
studies have been performed in rats and 
rabbits, and there is no evidence of harm 
to the animal fetus. The relevance of these 
studies to the human is not known. Since 
there is no adequate experience in preg- 
nant women who have received the drug, 
safety in pregnancy has not been estab- 
lished. 


Precautions: Bromsulfalein (BSP) reten- 
ton is mildly elevated postoperatively in 
some cases. There is some elevation of 
glucose and white blood count intraopera- 
tively. Glucose elevation should_be con- 
sidered in diabetic patients. ETHRANE 
(enflurane) should be used with caution in 
Patients who by virtue of medical or drug 
history could be considered more suscepli- 
ble to cortical stimulation produced by this 
drug. As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has 
been observed with the use of ETHRANE. 


Adverse reactions: 1. Motor activity ex- 
emplified by movement of various muscle 
groups and/or seizures may be encoun- 
tered with deep levels of ETHRANE (en- 
flurane) anesthesia. 2. Hypotension and 
respiratory depression have been reported. 
3. Arrhythmias, shivering, nausea, and 
vomiting have been reported. 4. Elevation 
of the white blood count has been ob- 


served. It has not been determined whether 
this 15 related to ETHRANE or to surgical 
stress. 


Dosage and administration: The concentra- 
tion of ETHRANE (enflurane) being de- 
livered during anesthesia from a vaporizer 
should be known. This may be accom- 
plished by using: 
а) vaporizers calibrated specifically for 
ETHRANE; 
b) vaporizers from which delivered flows 
can easily and readily be calculated. 
Maintenance concentration should not 
exceed 3%. Premedication should be se- 
lected according to the need of the indi- 
vidual patient, taking into account that 
secretions are weakly stimulated by 
ETHRANE and the heart rate remains con- 
stant. The use of anticholinergic drugs is 
a matter of choice. 


Induction: Induction may be achieved us- 
ing ETHRANE alone with oxygen or in com- 
bination with oxygen-nitrous oxide mix- 
tures. Under these conditions some excite- 
ment may be encountered. If excitement is 
to be avoided, a hypnotic dose of a short- 
acting barbiturate should be used to in- 
duce unconsciousness, followed by the 
ETHRANE mixture. In general, inspired 
concentrations of 3.5-4 5% ÉTHRANE pro- 
duce surgical anesthesia in 7-10 minutes. 


Maintenance: Surgical levels of anesthesia 
may be attained with 1.5-3.0% concentra- 
tion. If added relaxation is required, sup- 
plemental doses of muscle relaxants may 
be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in 
the 35-45 mm range is preferred to hyper- 
or hypoventilation in order to minimize pos- 
sible CNS excitation. 

The level of blood pressure during main- 
tenance is an inverse function of ETHRANE 
concentration in the absence of other com- 
plicating problems. Excessive decreases 
(unless related to hypovolemia) may be due 
to depth of anesthesia and in such in- 
stances should be corrected by lightening 
the level cf anesthesia. 


Overdosage: In the event of overdosage, 
or what may appear to be overdosage, the 
following action should be taken: 
Stop drug administration; establish that 
the airway is clear and initiate assisted 
or controlled ventilation with pure oxygen 
as circumstances dictate. 


Administration equipment: ETHRANE (en- 
flurane) may be administered from a flow- 
through type vaporizer manufactured and 
specifically calibrated for ETHRANE. Va- 
porizers which deliver saturated vapor at 
reasonable flows but are not specifically 
calibrated for ETHRANE may be used 

ETHRANE contains no stabilizer, Nothing 
is present in the agent to alter calibration 
or affect the operation characteristics of 
the vaporizer. 


Packaging: ETHRANE (enflurane) is pack- 
aged in 125 and 250 ml. amber bottles. No 
additives or stabilizers are present 
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Our best to you 


Fenwal Laboratories has long been identified with innovation in modern blood 
handling systems. Our knowledge and experiencein developing and providing 
sophisticated blood processing systems have earned a reputation for 
excellence. Thoroughly researched and tested to meet the demands of the 
medical profession, you can expect the same quality in Fenwal operating room 
devices that helped achieve our recognition with the nation's blood banks. 

The Fenwal Specialist in your hospital can provide you and the other 
members of the operating team with completely detailed information on all of 
our products. Intensive training makes him fully qualified to answer your most 
involved questions regarding up-to-date blood transfusion procedure. Be sure 
to see your Fenwal Specialist the next time he visits your department. 


FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Deerfield, Illinois, U.S.A. 60015. 





A 


INJECTION, equivalent to 10 mg metaraminol per ml & 





22 (Metaraminol Bitartrate| MSD) 
a vasopressor with positive inotropic effect 


Indications: Based on a review of this drug by the National 
Academy of Sciences-National Research Council and/or other 
information, FDA has classified the indications as follows: 

Effective: ARAMINE is indicated for prevention and treatment 
of the acute hypotensive state occurring with spinal 
anesthesia. Adjunctive treatment of hypotension due to 
hemorrhage; reactions to medications; surgical complica- 


tions; and shock associated with brain damage due to trauma 
or tumor. 

"Probably" effective: It may also be useful as an adjunct in the 
treatment of hypotension due to cardiogenic shock or sep- 
ticemia 

Final classification of the less-than-effective indications re- 
quires further investigation 


Contraindications: Use should be avoided with cyclopropane or 
halothane anesthesia, unless clinical circumstances demand such 
use. 

Precautions: Use with caution to avoid excessive blood pressure 
response. Rapidly induced hypertensive responses have been re- 
ported to cause acute pulmonary edema, arrhythmias, and cardiac 
arrest. Use with caution in digitalized patients, since the combina- 
tion of digitalis and sympathomimetic amines is capable of causing 
ectopic arrhythmic activity. Treat cirrhotic patients cautiously; if 
diuresis ensues, restore electrolytes. Fatal ventricular arrhythmia 
has been reported in one patient with Laennec’s cirrhosis. In several 
instances, ventricular extrasystoles that appeared during infusion 
have subsided promptly on reduction of infusion rate. Since 
metaraminol has prolonged duration of action, a cumulative effect is 
possible, leading to prolonged elevation of blood pressure even with 
discontinuation of therapy. Monoamine oxidase inhibitors have 
been reported to potentiate action of sympathomimetic amines. 
When vasopressor amines are used for long periods, resulting 
vasoconstriction may prevent adequate expansion of circulating 





volume and may cause perpetuation of the shock state. Plasma 
volume may be reduced in all types of shock, and measurement of 
central venous pressure is the most useful means of assessing the 
adequacy of the circulating blood volume; blood or plasma volume 
expanders should be employed for hypotension or shock due mainly 
to decreased circulating volume. Because of its vasoconstrictor 
effect, metaraminol should be used with caution in heart or thyroid 
disease, hypertension, or diabetes. Sympathomimetic amines may 
provoke relapse in patients with history of malaria 

Adverse Reactions: Sinus or ventricular tachycardia, or other ar- 
rhythmias, especially in patients with myocardial infarction. 
Abscess formation, tissue necrosis, or sloughing may rarely follow 
use. In choosing the site of injection, it is important to avoid those 
areas recognized as not suitable for use of any pressor agent, and to 
discontinue infusion immediately if infiltration or thrombosis oc- 
curs. The larger veins of the antecubital fossa or the thigh are pre- 
ferred to veins in the dorsum of the hand or ankle veins, particularly 
in patients with peripheral vascular disease, diabetes mellitus, 
Виегрег'ѕ disease, or conditions with coexistent hypercoagulability. 
Note: Response to vasopressors may be poor in patients with coex- 
istent shock and acidosis. Established methods of shock manage- 
ment, such as blood or fluid replacement when indicated, and other 
measures directed to the specific cause of the shock state also 
should be used. Only Sodium Chloride Injection or 5 percent 
Dextrose Injection should be used as a diluent. 

How Supplied: Injection, in 1-ml ampuls and 10-ml vials, contain- 
ing per ml: metaraminol bitartrate equivalent to 10.0 mg 
metaraminol; inactive ingredients: sodium chloride, 4.4 mg; water 
for injection, q.s. ad 1.0 ml; and 0.15% methylparaben, 0.0296 pro- 
pylparaben, and 0.2% sodium bisulfite added as 
preservatives. 

For more detailed information, consult your 


MSO representative or see full prescribing MERCK 
information. Merck Sharp & Dohme, Division SHARP; 
of Merck & Co., Inc., West Point, Pa. 19486 DOHME 





National Catheter... 
we make lifelines. 





hi-lo tracheal 
tubes* 


A high volume, low pressure cuf- 
fed endotracheal tube that inflates 
with a minimum of air pressure. 
Creates a no-leak seal, usually of 
less than 25 cm. H;O; avoids 
trauma to the tracheal wall. 

Soft and pliant tubes have a true 
murphy tip, intubate easily. Water 
clear, the tube fogs on exhalation, 
an instant monitor of patient res- 
piratory function. May be used 
orally or nasally. 


Other trademarks of NCC: holdtite™, vari- 
form", ventrol', suture rib", versi-cath", 
maxi-flex & vac", RAE". 

*Covered under one or more of the following 
patents, U.S, Pat. No's 3,625,793, 3,605,750, 
3,508,554, 3,610,242, and patents pending. 


TUniversity of Pittsburgh 


Ncc satin-cath * 
& gluv set 


This sterile, disposable gluv set 
has met with overwhelming 
acceptance. 

The GENTLE-FLO* catheter 
has a SATIN-SLIP SURFACE™ 
that provides smooth, non-bind- 
ing insertion into an endotracheal 
tube. 

The paperbacked glove slips on 
easily, fits either hand and is easily 
removed when suctioning is 
complete. The set also contains a 
waterproof receptacle. Pull the 
marked tabs and it opens and 
locks in position, ready to use for 
the receipt of sterile water. Equip- 
ped with VACTROL* connector, 
catheter suction may be simply 
regulated from full on to off. 

Available with catheters in all 
popular sizes. Packaged in a 
sterile peel-back paper pouch— 
50 sets/box. 


pitt" trach 
speaking tube 


This speaking tube permits tra- 
cheostomy patients to converse. 
The emotional benefits are 
obvious. 

The hi-lo* cuff inflates easily to 
avoid tracheal damage. This pos- 
sibility is further removed because 
the clear tubing permits conven- 
ientbronchoscopic observation of 
the tracheal wall. The auxiliary air 
supply tube is to be connected to 
a humidified air oxygen outlet to 
achieve a speaking air flow. 

Equipped with Eross Safety 
Straps and removable spacers 
and adjustable collar, the trach 
tube is adaptable to fit any adult 
patient. The suction port, which 
may be locked, allows for suction- 
ing of the patient without remov- 
ing the respirator and introducing 
aflexiblefiberoptic bronchoscope, 
thus avoiding delays during this 
critical period. 


Manufactured with the precision medicine must demand. 


Home 


national 
catheter 
Corp. 


of the Sheridan Line of Catheters 


argyle new york 12809 


(26) ANESTHESIA and ANALGESIA . . . Current Researches 


JACKSON-REES MODIFICATION OF 
AYRE’S T-PIECE 


as used by leading children's hospitals 


This Infant's Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There are no valves 

to go wrong, or cause added resistance. Dead space has 
been cuttoan absolute minimum. Only seconds required 
to change from Maskto Intubation Setup. 













Standard 15mm and 78” Mask Tapers 


330ES 
Gas Machine 


-— Fresh Gas 





4 
TO RECEIVE THE FOLLOWING LIST — 
QUOTE NUMBER 330-15 HFSC 
= 1 of 330ES .75 It. R/B Bag c/w End Plug 
7, 1 of 330-15L 15mm Bag Mount 
pa 1 of 330-15D Corrugated tube 11” long c/w 15mm 
*, mounts 
Ta 1 of 330-15S 15mm Catheter Mount c/w fresh gas 
inlet 
Y 1 of 3301 Fresh Gas Feed Tube 
У, 1 of 620-15 Magill Oral 15mm Connector Size 4.0 
1 of 7001M Lightweight Facepiece Angle 
332-F 1 of 332E Rendell-Baker-Soucek Mask Size 1 


7001M 


RECOMMENDED BUT NOT INCLUDED 


6 (1 each) 330CF Foregger Coles Tubes 8 to 18 F.G. 
1 No. 332F Rendell-Baker-Soucek Mask Size 2 


We recommend you purchase a 330LC 1 No. 332L Rendell-Baker-Soucek Mask Size 3 


Leather Case to store this equipment 1 330LC Leather Case 


— prevents loss or damage. 1 of 330-15D Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTRIAL EQUIPMENT 


A division of Claudius Ash Incorporated 
655 - 73rd Street, Niagara Falls, New York 14304 


SEND FOR COMPLETE LITERATURE 
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RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No’s. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution | e . Nos. 151, 152, 163 
vial is available for measuring the amount of solution d. Е Power Adaptor № [йр 
administered. ps control of atomizer 0806 

The Rals Power Unit has been proven effective in : | “ : 
cocainization prior to endotracheal intubation, endo- 
Scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit /168 are supplied six to a box with 
adaptor top and metal base. Illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ScHuemann ` 
бого боев; Qne. 


480 WEST AURORA ROAD + NORTHFIELD, OHIO 44067 ~ = wee 


7 h | Y 
y x M 
7 , 
j / 
/ 
| . 
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These soft, pliable blood pressure cuffs are ideal for use | 











on newborns and infants. Incorporating a Latex bladder, 
minimizing any chances for skin irritation, and Silicon 
wrap-around with 12-inch inflating tube. They are secured by 


the Velcro hook and pile method, with no eyes to hook nor DUPACO 
ends to tuck in. They are instantly peeled apart for easy INCORPORATED 
removal. P.O. Box 98, 


San Marcos, CA 92069 
Cuffs are available in two sizes: 


22080 - 1% x 5" (new born) 
22081 - 2% x 6" (infant) 


For additional information write for brochure number 27. 
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Within 30 to 60 minutes 1.V., 
the analgesic effect of 
SUBLIMAZE “ (fentanyl) is 
almost completely dissipated. ! 


Within 5 minutes I.V., 
SUBLIMAZE " (fentanyl) reaches 
its peak analgesic effect. 


SUBLIMAZE’ (fentanyl) 

has a uniquely short duration 
of analgesic action — for more 
precise control and minimal risk 
of prolonged narcotic effects. 


ased and prolonged with large 


* Respiratory depressant effects may last longer than the analgesia and are incre 
doses, multiple doses or use of postoperative narcotic analgesics. 





b 


For potent . 
narcotic analgesic 
action with rapid onset 


and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 


SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR" 
injection* has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 


SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection 


*INNOVAR injection is composed of a 50:1 mixture of 
droperidol 2.5 mg./cc. and fentanyl 0.05 mg./cc., with 
lactic acid for adjustment of pH to 3.5 + 0.3. 


INNOVAR“ injection and 

SUBLIMAZE*" (fentanyl) injection are available 
for use only upon direction of a physician 

For information relating to Contraindications, 


Warnings, Precautions and Adverse Reactions for 
SUBLIMAZE fentanyl, please turn page 


© McNeil Laboratories, Inc.. 1974 


SUBLIMAZE (fentanyl) offers: 

О Almost immediate analgesia — peak effect 
within 5 minutes I.V., 8 minutes I.M. 

O Short duration of analgesic action — 30 to 
60 minutes with a single I. V. dose of up to 

0.1 mg. (Respiratory depressant effects may last 
longer than the analgesia and are increased and 
prolonged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 

О No evidence of liver, heart, or kidney tox- 
icity —expecially valuable in poor-risk patients. 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor- 
risk patients. 

C Immediate reversibility by narcotic 
antagonists. 

О Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

LJ Minimal emetic effect—has been used 
successfully to prepare nonfasting patients 

for awake intubation. 

L Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE @ 


(fentanyl) injection 


0.05 mg./cc. as the citrate. 
Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0—7.5 


SUBLIMAZE € 


fentanyl) injection 


Description 
Each cc. contains: 
Fentanyl as the citrate. Ее 9а 
Warning —May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic with ac- 
tions qualitatively similar to those of morphine and meperidine. 
SUBLIMAZE fentanyl in a dose of 0.1 mg. (2.0 cc.) is approximately 
equivalent іп analgesic activity to 10 mg. of morphine or 75 та. of 
meperidine. The principal actions of therapeutic value are analge- 
sia and sedation. Alterations in respiratory rate anc alveolar 
ventilation, associated with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater Large doses 
may produce apnea. SUBLIMAZE fentanyl appears to have less 
emetic activity than other narcotic analgesics. Histamine assays 
and skin wheal testing in man, as well as in vivo testing in dogs, 
indicate that histamine release rarely occurs with SUBLIMAZE 
fentanyl 

SUBLIMAZE fentanyl may cause muscle rigidity, particularly 
involving the muscles of respiration. It may also produce other 
signs and symptoms characteristic of narcotic analgesics includ- 
ing euphoria, miosis, bradycardia, and bronchoconstriction. 

The onset of action of SUBLIMAZE fentany! is almost imme- 
diate when the drug is given intravenously; however maximal 
analgesic and respiratory depressant effect may not be noted for 
several minutes The average duration of action of the analgesic 
effect is 30 to 60 minutes. Following intramuscular administration, 
the onset of action is from seven to eight minutes, and the duration 
of action is from one to two hours 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect 
Indications SUBLIMAZE fentanyl is indicated: 

—for analgesic action of short duration during the anesthetic 
periods, premedication, induction, and maintenance. and in the 
immediate postoperative period (recovery room) as the need 
arises 

— for use asa narcotic analgesic supplement іп general or regional 
anesthesia 

—for administration with a neuroleptic such as INAPSINE* (dro- 
peridol) injection as an anesthetic premedication.for the induction 
of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia 

Contraindications SUBLIMAZE fentanyl is contraincicated in 
patients who are hypersensitive to the drug. 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC 
AAE ENDI SHOULD BE READILY AVAILABLE TO MANAGE 
APNEA 

If SUBLIMAZE fentanyl is administered with a tranquilizer 
such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and other countermeasures to manage hypotension 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE fentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner before ordering 
narcotic analgesics during recovery from anesthesia. It is recom- 
mended that narcotics, when required, should be used in reduced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patients con- 
dition may be required to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyl 
Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received МАО inhibi- 
tors within 14 days is not recommended 
Head Injuries and Increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients whc may be 
particularly susceptible to respiratory depression, such as coma- 
tose patients who may have a head injury or brain tumor. In 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of SUBLIMAZE fentanyl in children 
younger than two years of age has not been established 


Usage in Pregnancy: The safe use of SUBLIMAZE fentanyl has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, in the judgment of the physician, 
the potential benefits outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects; 
тото. safety for the infant in obstetrics has not been estab- 
lished. 

Precautions The initial dose of SUBLIMAZE fentanyl should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. 


-0.05 mg. 





Certain forms of conduction anesthesia, such as spinal anes 
thesia and some peridural anesthetics, can alter respiration b 
blocking intercostal nerves. Through other mechanisms (see Ac 
tions) SUBLIMAZE fentanyl can also alter respiration. When 
SUBLIMAZE fentanyl is used to supplement these forms of anes 
thesia, the anesthetist should be familiar with the physiologice 
alterations involved, and be prepared to manage them in th« 
patients selected for these forms of anesthesia. When used with . 
tranquilizer such as INAPSINE droperidol, blood pressure may igs 
altered and hypotension can occur $ 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patients 
with chronic obstructive pulmonary disease, patients with de 
creased respiratory reserve, and others with potentially compro: 
mised respiration. In such patients, narcotics may additionally 
decrease respiratory drive and increase airway resistance. During 
anesthesia, this can be managed by assisted or controlled respira 
tion. Postoperatively. respiratory depression caused by narcotic 
analgesics can be reversed by narcotic antagonists (levallorphan 
nalorphine, and naloxone; consult individual prescribing informa: 
tion before using). Should respiration be compromised by muscle 
rigidity, assisted or controlled respiration and possibly a neuro 
muscular blocking agent will be required. The occurrence o 
muscle rigidity is related to the speed of intravenous injection anc 
the incidence can be reduced by slow intravenous injection 

When a tranquilizer such asINAPSINE droperidol is used witt 
SUBLIMAZE fentanyl, pulmonary arterial pressure may be de 
creased. This fact should be considered by those who conduc 
diagnostic and surgical procedures where interpretation of pul 
monary arterial pressure measurements might determine fina 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers 
narcotics, and general anesthetics) will have additive or potentiat. 
ing effects with SUBLIMAZE fentanyl. When patients have re 
ceived such drugs, the dose of SUBLIMAZE fentanyl required wil 
be less than usual. Likewise, following administration o 
SUBLIMAZE fentanyl! the dose of other CNS depressant drug 
should be reduced. 3 

SUBLIMAZE fentanyl should be administered with caution tc 
patients with liver and kidney dysfunction because of the impor: 
tance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE fentanyl may produce bradycardia, which may 
be treated with atropine; however, SUBLIMAZE fentanyl shoulc 
be used with caution in patients with cardiac bradyarrhythmias 

When SUBLIMAZE fentanyl is used with a tranquilizer such as 
INAPSINE droperidol, hypotension can occur. If this occurs the 
possibility of hypovolemia should also be considered and man: 
aged with appropriate parenteral fluid therapy. Repositioning the 
patient to improve venous return to the heart should be соп. 
sidered when operative conditions permit. Care should be exer- 
cised in moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with 
fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be 
considered. Because of the alpha-adrenergic blocking action ol 
INAPSINE droperidol, epinephrine may paradoxically decrease 
the blood pressure in patients treated with INAPSINE droperidol. 
Adverse Reactions As with other narcotic analgesics, the most 
common serious adverse reactions reported to occur with 
SUBLIMAZE fentanyl are respiratory depression, apnea, muscu: 
lar rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hypo 
tension, dizziness, blurred vision, nausea, emesis, laryngospasm 
and diaphoresis. 

When a tranquilizer such asINAPSINE droperidol is used witt 
SUBLIMAZE fentanyl, the following adverse reactions can occur 
chills and/or shivering, restlessness, and postoperative hallucina 
tory episodes (sometimes associated with transient periods о, 
mental depression); extrapyramidal symptoms (dystonia, akathi 
sia, and oculogyric crisis) have been observed up to 24 hour 
postoperatively. When they occur, extrapyramidal symptoms cat 
usually be controlled with antiparkinson agents. Postoperative 
drowsiness is also frequently reported following the use o 
INAPSINE droperidol. 

Overdosage Manifestations: The manifestations of SUBLIMAZE 
fentanyl overdosage are an extension of its pharmacologic actions 
Treatment: In the presence of hypoventilation or apnea, oxyger 
should be administered and respiration should be assisted o 
controlled as indicated. A patent airway must be maintained; ar 
oropharyngeal airway or endotracheal tube might be indicated. | 
depressed respiration is associated with muscular rigidity, ar 
intravenous neuromuscular blocking agent might be required tc 
facilitate assisted or controlled respiration. The patient should be 
carefully observed for 24 hours; body warmth and adequate fluic 
intake should be maintained. If hypotension occurs and is severe 
or persists, the possibility of hypovolemia should be consideret 
and managed with appropriate parenteral fluid therapy. A specific 
narcotic antagonist such as nalorphine, levallorphan, or naloxont 
should be available for use as indicated to manage respirator 
depression. This does not preclude the use of more immediat: 
countermeasures. Consult the package insert for the individue 
narcotic antagonists for details about use. 

How Supplied SUBLIMAZE* (fentanyl) injection is supplied in 

cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuls, i 
packages of 12. 


IMPORTANT: Complete dosage information is available in inse! 
which accompanies each package (or on request). The drug is avai 
able only upon direction of a physician. 

U.S. Patent No. 3,164,600 9/d 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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MERE 
R^D-EMERSON 
RELAXAID 99 


for CORRECT RELAXANT DOSAGE— 
AVOIDANCE OF OVERDOSE— 
PROMPT RECOVERY — 


The stimulator is programed to deliver pulses, through electrodes, to the 
ulnar nerve. A flexible pneumatic bulb is placed in the patient's hand, with his 
fingers held against it by tape. The bulb is then air-filled to a pressure of 20 cm. 
ЊО. As the fingers flex, even slightly, compression of the bulb is registered on 
an aneroid gauge. The pattern of these responses keeps the anesthetist in- 
formed of the relaxant's effectiveness. 


The more precise monitoring provided by the RELAXAID™ enables relaxant 
levels to be kept adequate but without overdose. During recovery the RE- 
LAXAID™ shows the return of strength to the patient's muscles. 


Please request Form 91-E2 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 





Introducing 


the most complete monitor capability 
in a single compact instrument. 





PRESSURE/PULSE 


TEKTRONIX 
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кен . 
414 MONITOR 


Bartier MATO 


| NEW : 
Tektronix 434. Portable Patient Monitor 


ECG. Temperature. Arterial, venous or pulmonary wedge pressure. Peripheral 
pulse. Only Tektronix 414 offers every feature for monitoring these vital signs— 
all neatly packaged in a single, portable unit. For increased accuracy and 
convenience, the 414 gives digital readout of heart rate, systolic/diastolic blood 
pressures, mean blood pressure, or temperature. Rate alarm limits are also set 
digitally. 
And because the 414 permits cordless (battery) operation, it can be as easily 
used for cardiac catheterization as for surgery and recovery. Weight of 
a fully equipped 414 is approximately 12 Ibs. 
For more information or a demonstration of any of Tektronix 
Portable Patient Monitors in your facility, please write to 
Tektronix, Inc., P. O. Box 500, Beaverton, Oregon 97077. 
Or call collect: (503) 644-0161, extension 6510. 
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TEKTROND© 
IUE 


Excellence in 


; » t committed to 
Patient Monitoring 


technical excellence 






Is This Area Safe 
for You to Work in? 
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P БЛ? 
AHEAD CONGRESS 


MARCH 6-10, 1977 


International Anesthesia Research Society 


DIPLOMAT RESORT AND COUNTRY CLUBS 
HOLLYWOOD, FLORIDA 


CALL FOR PAPERS 





August 2, 1976—Deadline for submission of titles 
and abstracts. Application forms are available from: 
John T. Martin, M.D., Chairman, Program Committee, 


Medical College of Ohio at Toledo, P.O. Box 6190, 
'Toledo, Ohio 43614. 
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Outpatient Evaluation: A New Role for the Anesthesiologist 


ELIZABETH A. M. FROST, MD* 


Anesthesiology, although still a relatively 
young specialty, is expanding beyond the oper- 
ating room. The author reports material sav- 


TI^ Јоу 1972, іп an attempt to reduce 
hospital stay and cost,'-? the Ambulatory 
Care Service of the Bronx Municipal Hos- 
pital Center and the Department of Anes- 
thesiology*:? initiated a preadmission evalu- 
ation clinic, a project proposed as long ago 
as 1949.5 


The present article describes our experi- 
ences and impressions gained in such a 
clinic over the past 3 years and the impact 
of our program on patient care and bed 
utilization. The clinic has now been estab- 
lished as a permanent part of the Outpatient 
Department. 


METHODS AND MATERIALS 

The Bronx Municipal Hospital Center is 
a 990-bed hospital servicing a large urban 
community. In 1973 and again in 1974 
there were approximately 23,000 admissions, 
of which 6595 were emergency. Of 8000 
surgical operations performed, 70% were 
elective. The program was initially confined 
only to the general surgical and the gyne- 
cologic departments. Later, we expanded the 
facility to accommodate all services. 


Patients are seen first by a surgeon in 
the surgical outpatient clinic and are re- 
ferred to the preadmission screening clinic 
when scheduled for elective surgery. Refer- 
ral is in no way dependent on the magni- 
tude of the planned surgical procedure, as 
we have even screened patients for aortic 
aneurysm resection. 


ings in many areas through presurgical inter- 
views in the outpatient department by anes- 
thesiologists. 


'The referring surgeon completes a check 
form (figure), specifying dates of admission 
and operation and any special preoperative 
studies to be made on an outpatient basis. 
Urinalysis, complete blood count, SMA6 
blood typing, and serum electrolytes are 
ordered for all surgical admissions. Chest 
x-ray and ECGs are ordered for patients 
over the age of 30 or if indicated by past 
medical history. These studies may also be 
ordered on a “STAT” basis at the discre- 
tion of the anesthesiologist at the time of 
interview. Papanicolaou smears are taken 
on all adult women patients. All test re- 
quests are stamped PRE-OP ADM to iden- 
tify the source of the specimen and to pro- 
mote prompt return of results. With the 
exception of special x-ray studies, the re- 
sults of which are entered on the chart prior 
to admission, all other results are returned 
to the preadmission clinic by 1330 hr, by 
which time all old records on the patients 
have also been obtained. 


A coordinating clerk in the Ambulatory 
Care Service schedules a clinic appointment 
within 10 days of the planned admission. 
Special radiologic procedures, such as bari- 
um studies, are scheduled for the same day. 
Patients are given an instruction sheet 
printed in both English and Spanish. They 
are asked to report, fasting, to the coordinat- 
ing clerk’s office in the hospital at 0830 hr 
on the day of the preadmission interview. 


When patients report back to the clinic, 
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BRONX MUNICIPAL HOSPITAL 
CENTER 
Pre-Admission Request Sheet 


DATE: 


MARCH 3, 1975 
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Current Researches Vou. 55, No. 3, MAY-JUNE, 1976 


NAME: LOUIS D. AGE: 36 
CHART NO. 666799 


ADDRESS: 11-20 WILLIAMSBRIDGE ROAD 
BRONX, NEW YORK 


HOME TELEPHONE NO. 633-5040 





Referring Clinic... GENERAL. SURGERY 
Diagnosis INGUINAL HERNIA 





Referring M.D. 
Procedure to be pertormed LT. HERNIORRPAPHY 


DR. ALAN DONALD Ext.: 432 


Donors__!_ 


Preferred within. 7 — days/weeks from today. Type of anesthesia: Generel ог Local__ 


Admission to ward: 6 5 — 


Scheduled date of admission: 


MARCH 9, 1975 


day before or day of procedure (circle one). 


Scheduled date of operation: MARCH 10, 1975 0 





The following examinationa/tests are needed (check only those required): 


O = Ordered D = Done 


A. LABORATORY 















. Urinalysis routine 


<|< Р 
<5. M 




















| EA 
2. CBC m 
3. мав ЕЕЕ L 
4. Blood Type & RH iw | LES 
s. т у I 
в Оса: Е. 
, РЕХТ ИШЕ Xo 
e cnxa |v [vi v[ | 
9. коб LU [4| 2] жЕ] 
10. Urine C & S ШШДЕ ДИН 
ase 
m 
D. FINAL CLEARANCE FOR SURGERY: YEs GÉ 
1. If no, patient notified yes O 
2. If no, referring M.D. notified yes Г] 
3. If no, Admitting Office notified yes O 





iun — ДИИ Medicaid 


Self Pay (Fee) $. 


Other Insurance 





Rni = Results normal 


888g 


Rabni = Results abnormal 


. CONSULTATIONS ED 
ТАК ЕК: 


Other 

. SPECIAL TESTS 
Sigmoidoscopy 
Cystometrics 

ive 









пл 





. Barium Enema 
UGI Series 





p.m m we om» p 


GB Series 


Hysterosalpingogram 
Chain Cysto-urethrogram: 
Other 








0000 9 = ~ 





DATE OF SCREENING W/U —MXe7s — 


RC 7/73 


FIGURE. Check list completed for all patients attending the pre-admission screening clinic. 


they are interviewed by an anesthesiologist, 
who reviews the current laboratory results 
and past history, and the check-list begun 
by the surgeon is completed. An internist 
is always present for consultation. Should 
any anesthetic or medical contraindication 
to the proposed surgical procedure be found, 
the patient is directed immediately to the 
appropriate specialty clinic and the admis- 
sion is postponed. Under these circum- 
stances, the referring surgeon, the admitting 
office, the operating room, and the patient 
are mutually informed. 


For an occasional patient—as one with a 
recently developed upper respiratory-tract 
infection or even one with unexpected social 


obligations—we delay admission for a few 
days and inform those concerned. Should no 
contraindication to the proposed procedure 
be found, a final clearance check is made 
by the anesthesiologist on the master sheet 
and the patient directed back to the admit- 
ting office for final instructions. No patient 
leaves the clinic until final disposition has 
been made. We evaluate all patients, in- 
cluding those scheduled by the surgeon for 
local anesthesia; thus we are conversant 
with all elective procedures scheduled. 


RESULTS 


The system has now been operative for 
over 3 years, during which time we have 


Outpatient Evaluation . . . Frost 








TABLE 1! 
Source of Referrals of + 3500 Patients 
Clinic Percentage 
Gynecology 45 
General surgery 25 
Ophthalmology 9 
Urology 8 
Otolaryngology 8 
Orthopedic 5 





seen over 3500 patients (table 1). Scheduled 
admission has consistently had to be with- 
held in about 6% of patients—most com- 
monly because of unsuspected or uncon- 
trolled diabetes, upper respiratory infec- 
tions, severe hypertension, anemia, and 
pregnancy. Of these, some 17% have been 
cleared later the same day after repeating 
laboratory work, respiratory function tests, 
or comparing x-rays or ECGs. Nurse tech- 
nicians give intensive instruction when need- 
ed to the diabetic or hypertensive patient; 
thus operations are often rescheduled within 
a week, rather than after the enormous loss 
of time resulting when a patient is shuffled 
back through normal outpatient channels. 


Both preoperative and total hospital stay 
have been significantly reduced in compari- 
son with data obtained from a similar group 
of surgical patients before establishment of 
the clinic. 


Comparison of 89 patients over a 3-month 
period in 1973 with 90 nonclinic patients 
who had the same procedure during the 
same period in 1972 showed a patient-day 
reduction of 348 days, or an average of 3.91 
days per patient (table 2). 


DISCUSSION 


In the relative safety of an outpatient 
department, where patients still maintain 
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their identities, we have found ourselves 
bombarded by questions about the anesthet- 
ic technic. Much of the time of the inter- 
view is spent in allaying fears of anesthesia 
engendered by such ambiguous journalistic 
reports as the “truth serum” myth. We have 
found the clinic an ideal setting for explain- 
ing block and regional technics, for telling 
patients whether the results of their tests 
are normal, and whether they are in optimal 
physical shape for the proposed surgical pro- 
cedure. When any abnormalities are re- 
vealed, the problem is always taken care of 
promptly. 


As the clinic is directed by anesthesia 
staff from the recovery room and respira- 
tory care units, continuity of anesthetic care 
is possible from outpatient evaluation to 
postanesthetic management. The availabil- 
ity of all laboratory reports and previous 
records as well as close interdepartmental 
cooperation have all contributed to greatly 
improved preoperative assessment. No more 
are junior house staff members required to 
make major preoperative decisions on eve- 
ning rounds. When patients become better 
informed, they become lesser anesthetic 
risks. 


Even if the surgical service has no avail- 
able beds, the clinic patients are treated as 
semiemergency admissions and are admitted 
at the prearranged time to an empty bed 
elsewhere in the hospital. To avoid cancella- 
tion in the operating room because of over- 
scheduling, our patients are first on the 
day’s list. As our blood bank depends on 
voluntarily donated blood, the clinic pro- 
vides a convenient place to explain to pa- 
tients the need to find donors and the ad- 
vantages to them of this system. Bed uti- 
lization has been improved by having faster 
turnover on surgical and gynecologic serv- 
ices and by increasing the census in areas 
not usually filled to capacity. 


TABLE 2 
Comparison of Patient Days, 1972 and 1973 (3-month period) 


1972 (before system) 


1973 (after system) Days saved 








(Number Preoperative Total Preoperative Total Preoperative Total 

Operation of cases) days days days days days days 
Bilateral tubal ligation (36) 1.97 7.68 (39) 1.33 5.26 1.64 2.81 
Total abdominal hysterectomy (33) 4.82 13.21 (23) 2.0 8.17 2.82 7.04 
Breast mass excision (21) 2.81 6.62 (27) 1.48 3.15 1.33 3.47 


e 
Comparison of patients in these 3 operative groups shows similar savings in preoperative hospital days for 
the extended periods. Postoperative hospital days showed a relatively comparable reduction after estab- 


lishment of the clinic. 
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The nonhospital benefits to patients are 
the morning timing, which allows parents to 
see children off to school. The midday break 
also permits them to return home if neces- 
sary. Flexibility of admission combined with 
direct patient contact makes it possible to 
change an admitting date because of social 
pressures without losing the chance alto- 
gether for the operation. Employees are 
given a more exact idea of how long they 
can expect to be off the job. 


Operating-room utilization has similarly 
been improved. Prior to the system, if a 
case were canceled after 1900 hr the previ- 
ous evening, rarely could another case be 
prepared to fill the slot; thus the room lay 
fallow. Now that approximately 40% of 
scheduled surgical cases are being evaluated 
through the system, the operating-room 
cancellation rate has been markedly re- 
duced. 


Perhaps the biggest problem of the pro- 
gram is the question of reimbursement to 
the hospital and to the physicians involved. 
At present, Medicare, Medicaid, and other 
insurance carriers pay the Health and Hos- 
pital Corporation about $205 per inpatient 
hospital day at the Hospital Center. The 
same insurance carriers allow only $41 for 
outpatient presurgical evaluation at our 
clinic. No allowance is made for outpatient 
anesthesiology consultation. 


Clearly, the system has become extremely 
costly to the hospital and physicians under 
present legislation. The exact cost involved 
is currently under review. With the passage 
of Public Law 92-603, preadmission evalua- 
tion for certain groups of patients will be- 
come mandatory. Insurance carriers are 
asking for justification of inhospital patient 
days. To make such programs as ours at- 
tractive to everyone, reimbursement to hos- 
pitals and physicians must become more 
reasonable than the present schemes allow. 


We do feel, however, that the main ad- 
vantages have come in improved patient 
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care. The anesthesiologist is rightfully and 
legally the only physician who can fully 
assess a patient as an anesthetic risk. 'To be 
able to do this when time is still available 
to correct problems without costing the pa- 
tient undue anxiety, time, or money is ideal. 


No complications attributable to the clinic 
have occurred, and strangely enough, none 
of our patients have changed their minds 
about the procedure during the testing. Only 
one of our patients out of 3500 developed a 
ventricular arrhythmia immediately before 
induction and was a last-minute cancella- 
tion on the surgical schedule. In the near 
future, we hope that the clinic will become 
an integral part of an outpatient surgical 
unit, currently under development. 


Anesthesiology, although still a relatively 
young specialty, is expanding rapidly out of 
the operating room. It is our experience 
that the preadmission clinic provides a na- 
tural, satisfying, and vitally important place 
for the modern anesthesiologist. 
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Arterial Hypoxemia Caused by Intravenous Ketamine 


E. K. ZSIGMOND, MD* 
A. MATSUKI, MDT 
S. P. KOTHARY, MBBS} 
M. JALLAD, BSS 


Ketamine given IV in a dose of 2 mg/kg 
caused a significant reduction in Pao» in 7 
patients spontaneously breathing with an un- 
assisted airway. Under the same conditions, in 
7 patients, ketamine (2 mg/kg IV) preceded 
by diazepam (0.2 mg/kg IV) also caused a 
reduction in Рао» not significantly different 


S se its introduction into clinical anes- 
thesia,? ketamine has geen given IV 
for induction and maintenance of general 
anesthesia without respiratory assistance 
and O. administration, in the belief that it 
causes neither respiratory depression nor 
airway obstruction from jaw relaxation.? 
Ketamine was even recommended as an an- 
esthetic induction agent for patients with 
bronchial asthma." However, no blood-gas 
studies or determinations of the response to 
CO, inhalation were reported to substan- 
tiate these claims. 


'The present study was therefore undertak- 
en to evaluate arterial blood gases after 
ketamine administration. 


MATERIALS AND METHODS 
Patient Material.—Fourteen adult gyne- 
cology patients (ASA physical states I-II) 
were selected for the study. Patients gave 
informed consent to arterial catheterization 
and blood sampling. No patients were re- 


from that caused by ketamine. In some pa- 
tients, alarmingly low levels of Pao. (< 40 
torr) were seen following ketamine administra- 
tion. Based on these findings, the authors 
recommend that Os and ventilatory assistance 
accompany ketamine given IV for anesthesia. 


ceiving any medications at the time of the 
study and none was pregnant. No signifi- 
cant differences in age, weight, or other 
physical characteristics were observed be- 
tween the 2 groups studied. Group I (N=7) 
received 2 mg/kg of ketamine IV over 30 
seconds; group II was given the same dose 
of ketamine preceded by 0.2 mg/kg of IV 
diazepam. 


Experimental Method.—All patients re- 
ceived routine preoperative medication con- 
sisting of 0.15 mg/kg of diazepam and 0.007 
mg/kg of atropine IM, combined with either 
1.5 mg/kg of meperidine (N=4) or 0.15 
mg/kg of morphine (N=8). One patient 
received 0.75 mg/kg of promethazine HCl 
with 0.75 mg/kg of meperidine and 0.008 
mg/kg of atropine IM, and another patient, 
0.036 mg/kg of droperidol with 0.7 „g/kg 
of fentanyl and 0.007 mg/kg of atropine IM. 


On the patient’s admission to the anes- 
thesia study unit, a 16-gauge Teflon cath- 
eter was inserted into an antecubital vein 
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and 5% dextrose in 0.2% NaCl solution was 
started to keep the IV path open for drug 
injections. A 20-gauge Riley needle was in- 
serted into the contralateral brachial artery, 
and a 20-minute rest period was allowed 
before the baseline sampling for blood gases. 
In the ketamine group, 2 mg/kg of ketamine 
was injected IV in 50 ml IV solution over 
30 seconds, and blood-gas samples were tak- 
en before and at 2, 5, and 10 minutes after 
injection. 


In the diazepam-ketamine group, first 
diazepam (0.2 mg/kg) was given in 30 ml 
of IV fluid over 30 seconds and, after 5 
minutes, 2 mg/kg of ketamine was given 
over 30 seconds with 50 ml of IV solution. 
Blood-gas samples were obtained before di- 
azepam and at 2, 5, and 10 minutes after 
ketamine administration. No airway sup- 
port, ventilation, or O. were given, with the 
exception of 1 patient of the ketamine group 
who became cyanotic after the 2-minute 
sample was taken. 


Positional changes, skin disinfection, and 
stimulation were avoided during the study. 
No additional doses of ketamine or any 
other IV or inhalational anesthetic agents 
were given, even if the patient fully awak- 
ened from sleep during the 10-minute period 
after ketamine administration. Additional 
doses of ketamine or thiamylal and muscle 
relaxants for endotracheal intubation were 
used only after the completion of blood 
sampling. 


Laboratory Analysis.—All heparinized 
blood samples were immediately studied by 
the Radiometer Copenhagen Astrup Blood 
Gas Analyzer for Pao., Paco, and pH. 
Duplicate determinations were carried out 
on samples with a low Pao, by a similar 
analyzer, and the low Pao. values were 
found to be accurate within 597. 


Monitoring.—ECG, pulse, and blood pres- 
sure were continuously monitored through- 
out the study. With the exception of 1 pa- 
tient in the ketamine group, chest plethys- 
mographic recordings were also continuous- 
ly taken. 


RESULTS 


A significant reduction in the mean Pao, 
(p« 0.01) and elevation in the mean Paco, 
(p<0.01) occurred 2 minutes after keta- 
mine injection (table 1). Arterial hypoxe- 
mia persisted throughout the study, and 
both Pao, and Paco, remained abnormal 
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TABLE 1 
Blood-Gas Changes in Patients Induced with Ketamine and Diazepam-Ketamine Combination 


After drug administration 


10 minutes 


5 minutes 


2 minutes 





Before drug administration 





pH, units 





Patient groups 


Ketamine 


1 


2 mg/kg IV 
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(65-92) (33-46) 


(7.82-7.47) 


(45-76) (33-43) 


(7.32-7.44) 


(35-84) (35-43) 


(7.32-7.44) 


(25-37) 


(72-96) 


(7.35-7.5) 


Ranges of values 


g/kg 


0.2 mg/kg and 
ketamine 2 m 


Diazepam 
IV 


(7.3-7.43) (46-71) (37-48) (7.3-7.42) (54-85) (39-47) 


(31-59) (40-47) 


(7.3-7.4) 


(7.35-7.44) (57-102) (34-46) 


*Standard error of the mean. 


Ranges of values 


Significant change from baseline values at p<0.01. 
iSignificant change from baseline values at р<0.05. 
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ARTERIAL PaO, AND PaCO; CHANGES DURING 
KETAMINE AND DIAZEPAM-KETAMINE INDUCTION 


100 - € Ketamine 2.0 mg/kg №7 


Diazepam O2 mg/kg + 











Ketamine 2 О mg/kg №7 
80r 
eor 
5 
е 
40r 
20 Г 
1 н 1 J 
e [] 2 5 10 
1 TIME IN MINUTES 
Ketamine 
20mg/kglV 


Fic. 1. Pao, and Paco, changes after ketamine and 
diazepam-ketamine administration. `“ 


even at 10 minutes after ketamine adminis- 
tration (fig 1). The changes from baseline 
values in mean Pao, and Paco, in the diaze- 
pam-ketamine group, with the exception of 
mean Paco, at 2 minutes (p<0.05) were not 
significantly different from those observed 
in the ketamine group (table 1). 


Diazepam neither antagonized nor poten- 
tiated the effect of ketamine on arterial 
blood gases. The changes in mean arterial 
pH were not statistically significant in either 
group. Some patients had an alarming de- 
crease in Pao. (eg, from 96 to 35 torr and 
from 85 to 39 torr) and marked increases in 
Расо, (eg, from 34 to 44 torr and from 35 
to 47 torr) (table 1). 


A significant decrease in the respiratory 
rate occurred in both study groups at 3 
minutes after ketamine injection (table 2). 
The ranges in respiratory rates in both 
groups indicate the varied respiratory re- 
sponse to ketamine. Although a few patients 
showed an increase in tidal volume, 50 to 
60%, of the patients developed apnea after 
ketamine injection. An example of the pat- 
tern is shown in figure 2. Pretreatment with 
diazepam did not alter the incidence or dur- 
ation of apnea. 


KETAMINE 
CHEST PLETHYSMOGRAPH 


MU C LaL RA AMAA 


Wwe soom | 


2" Timing 


whee | | | 


30" | mn 2 mn 3 min 
Ketamine infusion 


Fic 2. Typical chest-plethysmographic tracing 
from a patient after ketamine administration. 


TABLE 2 
Respiratory Rate Changes in Patients Induced with Ketamine and Diazepam-Ketamine Combination 





After ketamine administration 





Mean respiratory rates per minutes* 








Before ketamine 


3 minutes 
14.0 + 2.611 


2 minutes 
11.0 + 6.42 


1 minute 


administration 
19.0 + 3.921 


Patient groups 


5 minutes 


4 minutes 
17.0 + 4.82 


20.0 + 5.23 





13.0 + 4.17 


6 


Ketamine 2 mg/kg IV 


Ranges of values 


(7-18) (0-20) (11-18) (10-21) (12-24) 


(15-24) 


14.0 + 2.2} 14.0 + 2.08} 


13.0 + 2.551 


12.0 + 5.37} 


T 19.0 + 3.16 12.0 + 5.971 


Diazepam 0.2 mg/kg IV 
and ketamine 2 mg/kg IV 


(3-20) (5-18) (8-16) (11-16) (12-16)§ 


(15-24) 


Ranges of values 


*Respiratory rates derived from chest plethysmographic tracings. 


Standard deviation. 


iSignificant change from baseline values at p<0.05. 
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Fig 3. Blood pressure and pulse rate changes 
following IV ketamine administration. 
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Fic 4. Blood pressure and pulse rate changes 
following diazepam-ketamine administraticn. 


Arterial blood pressure and pulse rate 
were elevated in the ketamine group (fig 3). 
Diazepam reduced these effects of keta- 
mine (fig 4). No arrhythmias or airway 
obstruction were observed in any patient. 
Analysis of circulatory effects will be pre- 
sented in a later publication. 


DISCUSSION 

Despite reports on the lack of respiratory 
depressant effect of ketamine?^? and its rec- 
ommendation as an induction agent for pa- 
tients with airway and respiratory prob- 
lems,?.*5 marked arterial hypoxemia was 
observed in our studies. The concomitant 
increase in Paco, makes it likely that keta- 
mine directly depresses the respiratory cen- 
ter. Indeed, several patients became apneic 
for more than 30 seconds following ketamine 
administration. 


Regardless of the exact mechanism of the 
arterial hypoxemia induced by ketamine, it 
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must be promptly corrected, since it results 
in severe oxyhemoglobin desaturation (eg, 
98 to 67% and 95 to 71%) in some patients. 
If this alarming result is allowed to persist, 
even briefly, in patients with anemia and/or 
with reduced cardiopulmonary reserve, it 
may result in morbidity or mortality. 


Therefore, we recommend adequate ven- 
tilatory assistance and O, administration 
during induction of anesthesia either with 
ketamine or diazepam-ketamine combina- 
tion. Arterial blood gases, catecholamines, 
О, uptake, and CO, response, especially in 
patients with abnormal cardiopulmonary re- 
serve, should be studied further to eluci- 
date the mechanism of arterial hypoxemia 
following ketamine administration in man. 
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Factors Affecting A-aDo After Open-Heart Surgery 


ATSUO SARI, MD* 
YOSHIAKI OKUDA, MD} 
HIROSHI TAKESHITA, МО 

TATSUROH ODA, MD§ 


Ube, Yamaguchi, Japan 


Intrapulmonary shunt, cardiac output, and Oz 
consumption as factors contributing to alve- 
olar-arterial О. tension difference (А -аро,) 
were tested in 11 patients after open-heart 
surgery. A-aDo» was well correlated with in- 
trapulmonary shunt, as expected, but no corre- 
lation was found between cardiac index (CI) 
and intrapulmonary shunt. When total shunt 
(venous admixture) was above 11%, there was 
an inverse correlation between A-aDo» and СІ, 
and it was observed that CI falling below 2.5 
L/min/sq m contributed significantly to the 


Ox previous investigation! demonstrat- 
ed a gradual fall in arterial O. tension 
(Рао) following open-heart surgery and 
proposed criteria for postoperative respira- 
tory management. Since Kelman and co- 
workers? proposed that decrease in cardiac 
output (Qt) leads to hypoxia, several in- 
vestigators?? have directed their attention 
to Qt as a possible factor affecting postopera- 
tive arterial oxygenation, but have found no 
consistent relationship postoperatively be- 
tween Qt and alveolar-arterial O. tension 
difference ( A-aDo.). 


The present study examines possible re- 
lationships between increased A-aDo. and 
intrapulmonary shunt, Qt, and O. consump- 
tion (Vos) in postoperative open-heart pa- 
tients. 


*Assistant Professor, Department of Anesthesiology. 
TAssociate Professor, Department of Anesthesiology. 
1Professor, Department of Anesthesiology. 


SInstructor, Department of Surgery. 


enlargement of А-аро,. Low Pao: (<65 torr, 
breathing room air) was characterized by 
larger arterial-mixed venous О» content differ- 
ence than high Рао» (>65 torr, on room air), 
indicating that A-aDoz was influenced by car- 
diac output relative to metabolic demand. In- 
trapulmonary shunt played a main role in in- 
creasing А-а о» after open-heart surgery, and 
systemic factors, including changes in cardiac 
output and О» consumption, also contributed 
to development of hypoxia. 


METHOD 


The 11 patients studied represented 2 
cases of atrial septal defect, 4 cases of ven- 
tricular septal defect, 4 cases of tetralogy of 
Fallot, and 1 case of mitral stenosis. Ages 
ranged from 5 to 21 (average 12) years 
(table 1). АП survived except 1 tetralogy 
patient, who died of heart failure on the 
41st postoperative day. 


Anesthesia.—Premedication consisted of 
atropine sulfate (0.02 mg/kg, maximal dose 
0.5 mg) and nitrazepam* (5 to 10 mg) in 
adults or pethidine (meperidine) (1 mg/ 
kg) in children. Anesthesia was induced 
with thiopental sodium (5 mg/kg in adults 





*A benzodiazepine derivative, not yet available com- 
mercially in the USA. Ed. 
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TABLE 1 
Patient Characteristics 
Case Age, yr Sex Diagnosis MPAP, torr 
1 14 F VSD 27 
2 5 F VSD 10 
3 10 F ASD 17 
4 5 F ASD 33 
5 20 M MS -— 
6 Т M VSD 100 
7 19 F VSD 45 
8 8 M TOF 20 
9 21 M TOF 30 
10 11 M TOF 2 
11 11 F TOF ЕЕ 


л 


МРАР = mean pulmonary arterial pressure. 
VSD = ventricular septal defect. 

ASD = atrial septal defect. 

MS = mitral stenosis. 

TOF = tetralogy of Fallot. 


or with halothane-N.O in children. Intuba- 
tion was facilitated by succinylcholine. An- 
esthesia was maintained with 0.5 to 1% 
halothane and N,O-O, (2:2) in a semi- 
closed system. In all cases, a disposable- 
sheet bubble oxygenator with roller pump 
was used. 


Measurements. — Teflon catheters were 
placed percutaneously in either a radial or 
brachial artery and in the superior vena 
cava. The venous catheter was moved into 
the pulmonary artery before chest closure. 
The catheters were used for arterial and 
mixed venous blood sampling, pressure mon- 
itoring, and Qt determination. The Qt was 
determined by the dye-dilution technic, 


: arterial blood 
: capillary blood 
: mixed venous blood 
A: alveolar gas 
BT: body temperature 
CI: cardiac index 
A-aDO.: alveolar-arterial tension difference 
Cao»: arterial O, content 


С&0,: capillary O, content 

Сӯо,: mixed venous O, content 
Qs/Qt: true shunt 

Qt: cardiac output 

Q.4/Qt: total shunt 

So.: % saturation of Hb with O, 
Vo.: О, consumption 


ANESTHESIA AND ANALGESIA . 





- - Current Researches VoL. 55, No. 3, MAY-JUNE, 1976 


with a single injection of indocyanine green. 
A densitometer} and a Harvardi infusion 
withdrawal pump were used. 


Measurements were made at the end of 
operation and 4, 8, and 24 hours later, with 
patients breathing air or 100% O». Arterial 
and mixed venous Ро», Рсо,, and pH were 
measured by IL meter$ at 37 C within 10 
minutes of collection. 


Calculations.—Total shunt (venous ad- 
mixture Qy,/Qt) and true shunt (Qs/Qt), 
with patients breathing air and 10097 О», 
respectively, has been widely used to de- 
tect the contribution of ventilation/perfu- 
sion inequalities to the Q,,/Qt.** The 
Qv4/Qt consists of the anatomic shunt, ate- 
lectasis, ventilation/perfusion inequalities, 
and diffusion gradient. The Qs/Qt repre- 
sents the blood flow through anatomic shunt 
and atelectasis. The diffusion gradient across 
normal alveolar membranes is negligible at 
alveolar О, tension (PAo,) >100 torr. 


O» content in arterial blood (Cao) and 
in mixed venous blood (C¥o.) was calcu- 
lated from the following equation: 


O» content = 1.39 x Hb x So, + 0.0031 
X Ро», where 0.0031 is the solubility co- 
efficient for O, in blood at 37 C and So, is 
О, saturation; read from a blood-gas cal- 
culator,!" this was estimated to be 1 while 
100% О, was breathed. 


Qy4/Qt was calculated from the following 
equation: 

Qva _ Co, — Cao, 

Qt Сёо„ — Сӯо, 
where Céo, is end-pulmonary capillary O, 
content, and is calculated on the basis of the 
end-pulmonary capillary O, tension (Péo,) 
being equal to the Pao,. 





The Qs/Qt was calculated from the fol- 
lowing modified equation: 11 


Qs 0.0031 (Pao, - Pao.) 
Qt 30.0031 (Pao, - Pao.) + Сао, - Co, 


where Pao, is calculated from the alveolar/ 
air equation by assuming a respiratory ex- 
change quotient of 0.76.1? The Vo. was cal- 
culated as the product of Qt and arterial- 
mixed venous O, content difference (Cao, — 
Сө»). 


Моде] 113, Instrumentation Laboratories. 


*Model DTL: Gilson Medical Electronics, Middle- 
ton, Wisconsin. 
iHarvard Apparatus, Millis, Massachusetts. 
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TABLE 2 
Cardiac Output and Blood-Gas Data on Air 





End operation 4 hr later 8 hr later 24 hr later 
(в = 11) (п — 9) (n — 11) (mo 11) 

Ро», torr а 73.0 + 4.7 72.0 + 6.0 68.0 + 3.5 62.0 + 4.3 

v 37.4 + 1.8 35.0 + 2.0 40.0 + 4.3 34.0 + 1.9 
Рсо», torr a 35.8 + 0.9 31.0 + 1.0 834.1 +11 34.5 + 1.2 

у 44.0 + 1.5 40.0 + 2.0 39.8 + 1.2 41.4 + 1.5 
pH a 1.396 + 0.024 7.471 + 0.020 7.463 + 0.014 7.485 + 0.071* 

v 7.848 + 0.024 7.412 + 0.022 7.425 + 0.013 7.433 + 0.008* 
So., % a 92.7 + 1.4 93.0 + 3.0 98.7 + 1.1 91.3 + 1.8 

Y 66.7 + 3.0 66.0 + 5.0 68.6 + 3.3 65.8 2- 3.5 
Co; vol % a 16.4 + 0.9 15.6 2 1.1 15.8 + 1.1 15.6 + 0.9 

v 11,8 2- 0.7 10.8 + 1.0 11.5 + 0.9 11.0 2210.7 
Ca-Cvo., vol 96 4.7 + 0.5 4.8 + 1.0 4.4 + 0.6 4.5 3- 0.6 
A-aDo,, torr 32.9 + 4.2 40.0 + 6.0 40.0 + 4.1 46.0 + 4.4 
Qv4/Qt x 100, % 15.7 + 3.3 14.0 + 3.0 16.0 + 2.7 22.0 + 4.4 
V0», ml/min/sq m 161.0 + 32.5 115.0 + 14.0 113.0 + 19.0 131.0 + 21.6 
CI, L/min/sq m 3.4 + 0.4 2.6 + 0.2 2.8 + 0.4 2.9 + 0.2 
BT, C 36.4 + 0.6 37.8 + 0.1 37.2 + 0.1 37.0 + 0.1 
Mean = SE. 


*Significant as compared to end operation. 


Statistical significance was determined by 
Student's t-test for unpaired data. 


RESULTS 


Mean values and standard error for all 
variables are shown in tables 2 and 3. No 
statistical significance at different times was 
found except increased pH at 24 hours. 
Metabolic alkalosis after open-heart surgery 
has been discussed elsewhere.! 


Using the pooled values, factors affecting 
A-aDo, were examined. A positive linear 
correlation was observed between A-aDo, 
and Q,4,/Qt (r=0.863, p<0.01) or Qs/Qt 
(r=0.516, p<0.01). Two regression lines 
were derived from the data: Y=40X — 341.2 
and Y=1.77X+10.39 on air and 100% О», 
respectively, where Y = A-aDo,, X=Q,,/Qt 
or Qs/Qt (fig 1). There was no significant 
difference between Q,,/Qt and Qs/Qt at any 
postoperative period. 


No significant correlation was found be- 
tween CI and Q,./Qt (r=0.05, p>0.1) or 


Qs/Qt (r=0.175, p>0.05) nor between CI 
and A-aDo, either on air or 100% Oy. 


However, when values were arbitrarily 
divided into 2 Q,,/Qt groups— (1) >11% 
and (П) <10% (fig 2)—there was an in- 
verse correlation in group I between A-aDo, 
and CI (r = —0.502, p<0.01), the regres- 
sion line being Y = —29.4X + 131.4 on 
logarithmic graph, where Y =log,,) ( A-aDos) 
and X = log,) (CI). This equation was 
transformed into Y =288Х-!.86 on arith- 
metic graph, where Y = A-aDo, апа X=CI 
(2=Х=6), and appeared as a curved line 
fitting the values in figure 2. There was no 
significant correlation in group II between 
A-aDo, and CI (r = —0.118, p>0.1), nor 
was a consistent relation between A-aDo, 
and CI detectable, although the same divi- 
sion of values according to the amount of 
Qs/Qt was made. 


Values at the end of the surgical proce- 
dure and at 8 and 24 hours postoperatively 
were also divided into 2 groups: (I) with 
Рао, values «65 torr and (II) Pao, >65 
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TABLE 3 
Cardiac Output and Blood-Gas Data on 100% О, 
End operation 4 hr later 8 hr later 24 hr later 
(n — 11) (n — 9) (n — 11) (n — 11) 

Po., torr а 443.0 + 23.4 462.0 + 15.0 448.0 + 26.0 364.0 + 40.2 

v 51.0 + 2.9 46.0 + 2.0 46.0 + 3.2 46.0 + 3.0 
Рсо», torr a 35.6 + 0.7 33.0 = 1.0 84.5 + 1.2 38.3 + 1.7 

у 44.2+1.6 41.0 + 2.0 40.8 + 1.5 44.8 + 1.4 
pH a 1.394 + 0.027 7.453 + 0.018 7.447 + 0.022 7.449 + 0.013* 

v 17.338 + 0.027 7.398 + 0.019 7.392 + 0.017 7.408 + 0.010* 
S02, % a 100 100 100 100 

Vv 81.0 + 2.9 80.0 + 3.0 78.3 + 4.2 79.2 = 3.4 
Coz, vol % a 18.7 + 1.0 18.8 + 1.2 ТӨ = 12 18.0 + 0.9 

v 14.1 + 0.8 13.5 + 0.8 13.1 + 0.9 13.3 + 0.7 
Ca-C70:, vol % 4.6 + 0.7 48+ 0.8 5.0 + 1.0 4.7 2- 0.7 
A-aDo,, torr 234.0 + 23.3 219.0 + 14.0 231.0 + 25.5 311.0 + 39.4 
Qs/Qt x 100, % 16.0 + 2.3 14.0 + 2.0 14.0 + 1.7 19:0 -£-.1.8 
V0», ml/min/sq m 128.0 + 14.4 122.0 + 17.0 134.0 + 28.3 137.0 + 28.1 
CI, L/min/sq m 3.2 + 0.5 2/1 + 0.3 2.8 + 0.4 2:9 + 0.8 
BT,C 35.9 + 0.4 37.8 + 0.1 37.3 + 0.2 37.1+ 0.1 

Mean + SE. 

*Significant as compared to end operation. 
torr while breathing air (table 4). There DISCUSSION 


was a significant difference in Сао, —C¥o, 
between the 2 groups both on air and 100% 
O». Group I was characterized by higher 
Qv,/Qt than group II, even though the 
Qs/Qt was essentially the same. 


A-aDo: ( air ) 
(uebAxo 96001) *ogo-y 





20 30 40 50 
Shunt ratio (96) 


о 10 


Fic 1. Relationship between A-aDo, and intra- 
pulmonary shunt when breathing air ( QvA/Qt, open 


circles) or 100% О» (Qs/Qt, solid circles). 


In our previous study,! a gradual fall in 
Pao», whether breathing 40% О, or air, 
was consistently observed and indicated the 
need for further study on factors affecting 
А-аро,. 


А -а0о, (air) 
è 


20 





о 2 4 6 8 L/min/mt 


Cardiac Index 


Fic 2. Relationship between A-aDo, and cardiac 
index. Solid circles — values with Qva/Qt >11% 
and open circles = <10%. Curve was derived, when 
Qva/Qt was >11%, from equation: 

Y = 288X-1.864 (2<= X <6), Y= A-aDo, 
X = cardiac index 
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TABLE 4 
АП Parameters Obtained at End of Operation and at 8 














and 24 Hours Postoperatively (Mean = SE) 
Breathing air Breathing 100% Oz 
Low Рсоз* group High Раст group? Low Pao»* group High Paoz group 
(n — 14) (n — 19) (n — 14) (n — 19) 

Pao; 5822 78 + 2i 363 + 38 467 + 141 
P70 32 +1 38 + 1i 412-3 51 + 2t 
Cao» - CV¥0z 5.4 + 0.6 3.9 + 0.31 6.5 + 0.8 3.8 + 0.21 
А -аро, 54 + 2 29-21 314 + 87 205 + 14} 
ога. x 100 28 +3 112 1f 153-2 15231 
CI 3.0 + 0.4 3.1 + 0.2 2.6 + 0.3 3.0 + 0.2 
Vo: 156 + 28 121 — 14 159 + 26 117 + 14 
BT 36.5 + 0.4 37.2 + 0.2 36.6 + 0.4 87.2 + 0.2 
*<65 torr. 
1265 torr. 


tSignificant (p<0.05) between low and high Pao, group. 


Intrapulmonary Shunt.— Marshall and 
Wyche?’ indicated that postoperative hypox- 
emia may be divided into early and late 
types. Early hypoxemia progressively im- 
proved to normal within 3 to 4 hours post- 
operatively, suggesting that anesthesia con- 
tributed to increase in intrapulmonary shunt 
during the early postoperative period. Such 
an improvement was not observed in our 
present study. 


Our results are in partial agreement with 
those of Colgan and Mahoney,‘ who also 
observed no appreciable effect of anesthesia 
on Q«4/Qt ог Qs/Qt at 1 to 4 hours following 
major abdominal surgery. We believe that 
in this study, anesthesia did not contribute 
significantly to intrapulmonary shunt. As 
expected, a positive linear correlation was 
obtained between А-аро, and Q,,/Qt or 
Qs/Qt. Several investigators?.5.!?.1* have em- 
phasized atelectasis or ventilation/perfusion 
inequalities as the primary cause of in- 
creased A-aDo,. The present study is com- 
patible with the report of Hedley-Whyte, 
who concluded that the most important sin- 
gle cause of postoperative intrapulmonary 
shunt in cardiac patients was atelectasis as 
evidenced by the presence of large Qs/Qt 
and suggested that hypoxemia was generally 
present after all major operations. 


Our finding of no significant difference 
between Q,,/Qt and Qs/Qt at any postoper- 
ative period corroborates those of Muneyuki? 
and of Markello and associates.!^ The latter 
proposed that this fact may be due to an 


area of low ventilation/perfusion ratio be- 
coming atelectatic while breathing 10097 
O». This proposal awaits further study. 


Cardiac Output.—Kelman? theorized that 
reduction in Qt alone may account for in- 
crease in A-aDo, without changes in the 
underlying shunt. Subsequently, Prys- 
Roberts’ group!9 confirmed Kelman's study 
in anesthetized man, and Modell and 
Milhorn!: observed that a reduction in Qt 
produced an increase in A-aDo, in thora- 
cotomized dogs, These studies indicated 
that the alteration of Qt must be considered 
as a significant factor affecting arterial oxy- 
genation. 'The effect of altered Qt on arterial 
oxygenation can be predicted when Vo, and 
intrapulmonary shunt remain constant. 


The following is derived from shunt and 
Fick equations: 
2 VO» R 
Сёо„ — Cao, ot “IR 
where R is Q4/Qt or Qs/Qt. Using this for- 
mula, Philbin? predicted the magnitude of 
decrease in Сао, associated with the reduc- 
tion of Qt. However, when the content dif- 
ference Céo, —Сао» is converted to tension 
difference А-аро,, the inverse relationship 
to Qt is hyperbolic while breathing 100% 
O, but assumes a complex nonlinear form, 
in consequence of the shape of the O.-dis- 
sociation curve, while breathing air. Al- 
though some observers? ^? reported no con- 
sistent relationship between Qt and A-aDo, 
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during the postoperative period, we found 
an inverse correlation when Q,,/Qt was 
>11%, but none when <10%. 


The failure to demonstrate correlation 
between A-aDo, and Qt with 100% O. war- 
rants further explanation. One possible ex- 
planation is that a change in Qt may be 
accompanied by the same directional change 
in Qs/Qt as that which counteracts to low 
Pao. produced by the reduction of Qt.!-?" 
We are unaware of any report regarding the 
correlation between Qt and Q,,/Qt in post- 
operative patients. 


Marshall and Wyche’ state that Qt is not 
an important determinant of intrapulmo- 
nary shunt. Discrepancy among these in- 
vestigations may be due to complex inter- 
relationships between Qt, intrapulmonary 
shunt, and Vo.. The present study, however, 
clearly showed that low CI (below 2.5 
L/min/sq m) significantly contributed to 
enlargement of A-aDo. when Q,,/Qt was 
large. 


Oxygen Consumption.—In spite of the 
great interest in the effect of Vo. on arterial 
oxygenation after operations, little data 
exist on the relationship between Vo. and 
А-аро,. Our low Pao, group showed a 
significantly larger Cao, — Сӯо. and higher 
Qy4/Qt than the high Pao, group. However, 
there was no significant difference in Qs/Qt 
between the 2 groups. Therefore, low Pao. 
may be one of the factors related to the 
widening Cao. — Cvo.. 


Although no statistically significant dif- 
ference in Vo, was found between the 2 
groups, the mean value in the low Pao. 
group was greater than in high Pao. group, 
as compared with the changes in CI. 'There- 
fore, it is suggested that a Qt which is not 
sufficient for metabolic demand may con- 
tribute to low Pao,. An increase in the Vo. 
in the postoperative period of open-heart 
surgery may be caused by rise in body tem- 
perature, shivering, restlessness, an increase 
in the work of breathing, or a change in pH. 
However, we found no significant difference 
in such factors increasing in Vo. between 
the 2 groups. 


In noncardiac patients,? there was no cor- 
relation between Vo, and Pao., with or 
without shivering, in the early postopera- 
tive period, since increased Vo. may be 
counteracted by increased Qt. On the other 
hand, Kirklin and Rastelli?" pointed out 
that Qt relative to metabolic demand is re- 
duced soon after cardiac surgery, a finding 
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comparable to our results, in that Vo. is 
larger in the low Pao. group, and may be 
a possible factor in increasing A-aDo. after 
open-heart surgery. 


In our study the low Pao. group showed 
a higher Q,,/Qt than the high Рао, group, 
even though the Qs/Qt was essentially the 
same in the 2 groups. These differences may 
be the result of impaired diffusion due to 
relatively low inspired O. concentration. 


It has been generally accepted that dif- 
fusion gradient has a significant role in 
producing A-aDo. only when the Pao, is 
well below normal. Fordham!* examined the 
diffusion effect in patients after open-heart 
surgery and concluded that the pulmonary 
diffusion effect, if present, played only a 
small part in hypoxemia after such opera- 
tions. However, Hedley-Whyte" suggested 
that if the distribution of ventilation is suf- 
ficiently uneven, one must assume that a 
diffusion effect adds to the shunt because in 
the least ventilated alveoli, the Pao. may be 
sufficiently low, or the alveolar membranes 
sufficiently thickened, to establish a diffu- 
sion gradient. We prefer to think of this 
manifestation as a result of uneven distri- 
bution of ventilation. 


We conclude that intrapulmonary shunt 
plays an important role in increasing post- 
operative A-aDo., and causes further devel- 
opment of hypoxia, especially when it is 
accompanied by a reduction in CI below 2.5 
L/min/sq m or by a relative increase in Vo, 
not compensated by an increase in Qt. 
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Hepatic Clearance of Lidocaine During №0 Anesthesia in Dogs 


ROBERT G. BURNEY, MD* 
COSMO A. DiFAZIO, PhD, MD} 


Charlottesville, Virginiat 


Lidocaine catabolism under N.O anesthesia was 
evaluated in 5 dogs given a lidocaine infusion 
of 2 mg/kg/min for 20 minutes. Comparison of 
results with those of a prior similar study with 
halothane anesthesia showed catabolism of 
lidocaine to be significantly faster in the ani- 
mals given №0. The extraction ratio for lido- 


[2° is frequently administered to- 

gether with general anesthetics, either 
for the enhancement of the anesthetic state 
or to control cardiac arrhythmias. The re- 
sultant blood level of lidocaine is a func- 
tion principally of the dose administered, 
the distribution of the drug, and the rate of 
hepatic elimination. Hepatic elimination of 
lidocaine can be changed by alterations in 
hepatic blood flow? and drug effects on 
hepatic enzymes. Although inhalational 
anesthetic agents are known to affect hepatic 
blood flow? and the catabolism of drugs,.5 
the effect of concomitantly administered 
inhalational agents on the catabolism of lido- 
caine has not been defined. 


This study was designed to determine if 
the disappearance of lidocaine during N.O 
anesthesia differs from that observed under 
halothane,? and if lidocaine extraction varies 
with the blood concentration of the drug 
itself. 


METHOD 


Five mongrel dogs weighing 15 to 20 kg 
were anesthetized with an 80% N.O-O, 
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caine, which did not vary with its arterial con- 
centration, was significantly lower with halo- 
thane than with N.O. Decreased hepatic cata- 
bolism of drugs such as lidocaine should be 
anticipated in patients anesthetized with po- 
tent inhalation agents such as halothane. 


(0.43 MAC)-curare technic. Ventilation was 
controlled with an Emerson ventilator. The 
femoral artery was cannulated and the ab- 
domen opened. A catheter was passed from 
the external jugular into a hepatic vein 
under direct vision. Arterial blood pressure 
was recorded on a Model 7 Grass polygraph. 
A fluid load of 500 ml of 5% dextrose/lac- 
tated Ringer's solution was given before the 
experiment. Heparinized blood samples (6 
ml) were drawn from the femoral artery 
(considered equivalent to blood in the he- 
patic artery) and the hepatic vein in a con- 
trol state, and 30, 60, 90, and 120 minutes 
after a 2 mg/kg/min dose of lidocaine was 
infused over a 20-minute period. 


Arterial blood gases were determined us- 
ing a Radiometer Blood Gas Analyzer, with 
the Paco, maintained at 25 to 30 torr. Lido- 
caine was quantitated with a Hewlett-Pack- 
ard 5750 gas chromatograph equipped with 
a flame-ionization detector, using a previous- 
ly described method. 


Extraction of lidocaine by the liver was 
calculated from the concentration gradient 
of the drug across the liver and is expressed 
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TABLE 1 


Arterial and Hepatic Venous Lidocaine Blood Concentrations (g/ml) 
Following an IV Bolus Under N;O-O; Anesthesia 











Time, min 30 60 90 120 

E Hepatic Hepatic Hepatic Hepatic 

Dog Arterial venous Arterial venous Arterial venous Arterial venous 

1 4.57 1.36 3.13 11 2.15 0.90 1.47 0.73 
3.90 2.03 2.02 1.59 2.19 1.24 1.64 0.97 

2.14 1.98 1.87 1.03 1.28 0.55 0.88 0.30 

4 4.09 2.13 2.80 1.32 1.92 0.81 1.32 0.50 

5 4.12 1.05 2.91 0.76 2.06 0.54 1.45 0.39 
Means 3.88 1.70 2.73 1.16 1.92 0.81 1.35 0.58 
SD 0.68 0.47 0.49 0.31 0.37 0.29 0.29 0.27 





as a fraction of drug removed. Drug dis- 
appearance data was plotted on semilog co- 
ordinates by the least-squares technic on a 
programmable calculator. Significant differ- 
ences of blood-lidocaine concentration at 
30, 60, and 120 minutes in the N.O and 
halothane experiments and of the k (dis- 
appearance rate constant) values calculated 
from the disappearance curves were deter- 
mined by Student's t-test. The measured 
concentrations of lidocaine existing after 
the early distributional phase in each study 
were fitted to the equation [L] =ae*t, 


RESULTS (table 1 and figure) 

The disappearance of lidocaine in the 
presence of М.О was significantly faster 
than that previously reported in dogs anes- 
thetized with halothane. 'The mean (+ SD) 
of the k values with N.O in this experiment 
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Ficure. Lidocaine disappearance curves (arterial 
blood). The early distribution phase is omitted. 
Blood concentrations were significantly lower when 
N.O was the anesthetic (р<0.01 at 30 min, р<0.05 
at 60 and at 120 min). 


was 0.0122 + 0.0013 (n=5). In contrast, the 
mean k value for all dogs previously studied 
using halothane was 0.0081 + 0.003 (n=5), 
k values significantly different at p« 0.05. 
'The mean extraction ratio of lidocaine dur- 
ing administration of N.O-curare was 0.57 
X 0.11. This is more than a twofold increase 
over the values previously obtained during 
halothane anesthesia. The hepatic extraction 
ratio for lidocaine during N.O anesthesia 
was unaffected by lidocaine concentration 
over a wide range. 


DISCUSSION 


The only significant differences between 
the 2 groups studied, other than the choice 
of anesthetic agent were: (1) the halothane 
group breathed spontaneously, with Расо, 
between 40 and 50 torr, whereas the N.O 
animals were ventilated, with Расо, be- 
tween 25 and 30 torr, and (2) the N.O 
group also received curare while the halo- 
thane group received only succinylcholine 
for intubation. 


Mechanical ventilation decreases splanch- 
nic blood flow, probably on a mechanical 
basis.^ However, this should decrease the 
differences between our study groups. Car- 
bon dioxide is known to affect splanchnic 
flow." However, the higher Paco, during 
halothane anesthesia should increase hepat- 
ic flow.“ Muscle relaxants per se are not 
known to affect hepatic flow. Ganglionic 
blocking agents do not affect splanchnic re- 
sistance,” and this property of curare should 
not have affected our results. Thus, the 
major differences between the present exper- 
iment and the previous study should tend to 
decrease the observed differences between 
the 2 groups. 
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The disappearance of lidocaine from blood 
after the initial distribution phase is pri- 
marily dependent on hepatic removal. Thus 
the differences observed between the remov- 
al rate during halothane and N.O anesthe- 
sia could result from alterations in hepatic 
removal through effects on hepatic blood 
flow or on the hepatic enzymes. Hepatic en- 
zymes in turn may be affected by membrane 
permeability, availability of cofactors, en- 
zyme saturation, and inhibition by other 
drugs. 


Lidocaine removal has been shown to be 
directly affected by hepatic blood flow. 
Stenson's group! observed that in cardiac 
patients receiving a constant IV infusion of 
lidocaine, higher lidocaine blood levels oc- 
curred when cardiac output (and presum- 
ably hepatic blood flow) was decreased. 
Benowitz and associates?" observed that 
with the decreased hepatic blood flow pro- 
duced by norepinephrine infusion, a de- 
creased rate of hepatic removal of lidocaine 
occurred. Conversely, an increased rate of 
hepatic removal of lidocaine was produced 
in the presence of an increased hepatic 
blood flow resulting from the infusion of 
isoproterenol. 


Halothane"*.!!.!? and cyclopropane!? have 
been shown to reduce hepatic blood flow in 
man and animals, one group!? suggesting 
that blood flow decreases with increasing 
depth of anesthesia. Certainly part of the 
difference in the rate of hepatic removal of 
lidocaine with N.,O or halothane present can 
be attributed to the differences in hepatic 
blood flow produced by the inhalational an- 
esthetics. While absolute values of changes 
in hepatic blood flow in animals with any 
fixed anesthetic concentration remains to be 
defined, an approximation might be obtained 
by assuming that the hepatic blood flow in 
animals receiving halothane is 25% less 
than in those receiving N.O, a value com- 
parable to the 20 to 30% differences ob- 
served in anesthetized human volunteers.*.!3 
Disappearance rate and half-life (T-,) cal- 
culations for lidocaine under such conditions 
(table 2) result in a T, of 77 minutes for 
lidocaine and differs from the 99-minute 
T';, calculated from the prior halothane ex- 
periment. It seems plausible that the de- 
creased disappearance rate for lidocaine 
under halothane anesthesia is contributed 
to by factors other than the reduction in 
hepatic blood flow. 


Inhalational anesthetics have in addition 
been suspected of altering the catabolism of 
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TABLE 2 


Values of k* for N;O-Anesthetized and 
Halothane-Anesthetized Animals 
ЖЕБЕС АЕ = e UR ыы ы 





Rate constant Half-life 

Anesthetic (А) (Tso), min 
N.O (observed values) 0.012 59 
N:O (corrected for an 0.009 77 
assumed 25% reduction 
in Q) 
Halothane (observed 0.007 99 
values) 


—.—.——.—-—-———_——_—_— 
*k — disappearance rate ccnstant; measured from 
least-square plot (figure). 

For a theoretical circumstance in which the liver 
blood flow of the N.O anesthetized animals is re- 
duced by an arbitrary 25%, k is calculated from 
Va 
Q.E' 
and E occurs with the reduction in flow. (Y, = 
volume of distribution, Q — hepatic blood flow, 
E = extraction fraction.) The half-life (T., is 


А In £ .69: 
calculated from the equation T. = ice 2 0698 


the equation k = assuming no change in V, 


k k 


many drugs. A high concentration of the an- 
esthetics in the lipid-rich microsomes prin- 
cipally involved in drug biotransformation 
is to be expected on the basis of lipid solu- 
bility of the anesthetics. Baekland and 
Greene't demonstrated that pentobarbital 
metabolism by liver homogenates was de- 
creased by the addition of diethyl ether. 
Brown*.!? documented in vitro dose-depen- 
dent inhibition of oxidative metabolism of 
barbiturates and aminopyrine by both halo- 
thane and methoxyflurane, while Sawyer 
and associates’ suggested that an increase 
in halothane concentration decreases hepatic 
halothane removal by either enzyme satura- 
tion or substrate inhibition. 


The differences in lidocaine disappearance 
found in the present studies suggest that 
halothane may decrease the removal of 
lidocaine by an effect on hepatic microsomes 
in addition to the expected effect on hepatic 
blood flow, although the exact mechanism 
remains to be defined, and may be the non- 
competitive dose-dependent effect seen by 
Brown? with halothane on barbiturate de- 
struction. However, regardless of which 
mechanism dominates, decreased hepatic re- 
moval of drugs such as lidocaine should be 
anticipated when administered to patients 
anesthetized with potent inhalational anes- 
thetic agents. 
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The Lateral Sitting Position for Neurosurgery 
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Over the past 20 years, more than 300 patients 
have been anesthetized in the lateral sitting 
position during neurosurgical procedures in 
the posterior fossa and the cervical and upper 
thoracic spine. Since the patient can be placed 
quickly and easily in the horizontal position, 
the lateral sitting position has a number of 


De the past 20 years, the lateral 
sitting position has been used satis- 
factorily for operations in the posterior fossa 
and the cervical and upper thoracic spine. 
Since the initial report 19 years ago,! a num- 
ber of technical modifications have been 
introduced, some of which were reported? 
in 1963 and others of which have been in- 
corporated recently. This paper describes 
the technic for the anesthesiologist as it is 
presently carried out and discusses the 
method as one of the therapeutic measures 
for managing arterial hypotension and ve- 
nous air embolism during operations on pa- 
tients in the sitting position. 


DESCRIPTION OF TECHNIC 
The main steps of our method are as 
follows: 


l. The patient is placed supine on the 
operating table (fig 1A) for insertion of 
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advantages over the conventional sitting posi- 
tion, particularly in the treatment of arterial 
hypotension and venous air embolism. Further- 
more, with the patient in the lateral horizontal 
position, the surgical procedure can be com- 
pleted satisfactorily. 


intravascular catheters, application of moni- 
toring equipment, induction of anesthesia, 
and tracheal intubation. Elastic stockings 
may be applied to the patient's legs. 


2. The skull clamp is fixed to the patient's 
head. 


3. The operating table is maximally 
"flexed" by manipulating the S-handle on 
the right side of the H-frame, while the seat 
is kept almost horizontal by simultaneous 
and proportional motions in the reverse 
Trendelenburg direction through activation 
of the T-handle on the left side of the 
H-frame (fig 1B). 


4. 'The back section is elevated further 
to about 80? from the horizontal by activat- 
ing the S-handle on the right side of the 
H-frame (fig 1C). The flat headrest of the 
table is removed and replaced by the attach- 
ment for the skull clamp (fig 1D). 
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Fic 1. Schematic drawing showing the manipulations required to convert the table H-frame and table 
top for use with the lateral sitting position (see text for details). The patient is not represented but can 


easily be imagined. 





Fic 2. The left lateral sitting position, as seen 
from left side of operating table. Н = main movable 
frame of table. T = handle for moving in Trendel- 
enburg direction and reverse. B = backrest. 


5. While the surgeon or one assistant 
manually holds the head, the patient is ro- 
tated to become perpendicularly oriented to 
the long axis of the operating table. The 
shoulder and arm leaning against the back 
section of the operating table are thoroughly 
padded with foam rubber or similar mate- 
rials. In children and short patients, addi- 
tional padding is placed under the buttocks 
to elevate the head to the level of the skull 
clamp attachment. 


6. The special backrest B* (fig 2 and 3) 
is attached to the side rail of the back sec- 
tion and the operating table is tilted about 
5 to 10? toward the dorsum of the patient. 


7. 'The skull clamp is connected to the 
table attachment and the head fixed in the 
desired position (fig 2 and 3). 


8. The lower extremities are well padded 
to protect them from pressure phenomena 
against the supporting surfaces, as well as 
from pressure against the opposite lower ex- 
tremity. The legs and feet are supported 





*Specifications for the backrest and foot attachment 
available from author on request. 
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Fic 3. Patient in left lateral sitting position, as 
seen from foot end of operating table. S — handle 
for moving back, seat, and foct section of table top. 
B and T as in figure 2. 


by a specially designed foot attachment* 
(fig 2 and 3). This can be adjusted at differ- 
ent angles of elevation between the plane 
of the seat section and 90? below it. 


*Specifications for the backrest and foot attachment 
available from author on request. 
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9. The regular foot section of the operat- 
ing table is completely flexed, thus trans- 
forming the table into the configuration of 
a chair (fig 1D). 


10. A bar for holding the drapes is at- 
tached to the side rail of the back section 
of the operating table at the level of, and 
in front of, the head. A second bar is at- 
tached below the first at the level of the 
heart for support of pressure transducers 
(fig 4). When the surgical preparation and 
draping of the operative field are completed, 
the drapes are brought over and around the 
second bar, creating a “tent” that permits 
excellent access to the patient's face, neck, 
trunk, and extremities. 


Neither instrument tables nor stands, IV 
poles, or other equipment should have any 
attachment to the drapes or operating table, 
but should be placed conveniently so they 
will not limit or hinder any motions for 
lowering the head. In the event the head 
must be lowered, the anesthesiologist manip- 
ulates the T-handle for the control of the 
Trendelenburg motion, bringing the head 
down toward the horizontal as desired (fig 
5). If the table then is too low to allow 
adequate range of Trendelenburg motion of 
the H-frame, the pedal for raising the height 
of the whole table must be activated by the 
surgeon or one of his assistants to obtain 
the desired height. The surgical procedure 
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Fic 4. Surgeon (left) and anesthesiologist (right) just before preparing and draping patient for a right 
suboccipital craniectomy. Backrest and supporting bars for drapes and arterial transducers are shown. 
Lateral sitting position gives anesthesiologist excellent access both to patient's airway and to monitoring 


equipment. 
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Fic 5. Patient brought down from left lateral 
sitting position (as shown in fig 2) to an almost 
complete left lateral horizontal position. 


can be completed in the lateral horizontal 
position or, if conditions permit, the head 
can be elevated again toward the vertical 
position. All these motions are achieved 
without disturbing the sterile conditions of 
the surgical field to which the surgeon re- 
tains, at all times, direct access, with full 
control of the wound. 


The above description and illustrations 
refer to the American Sterilizer Company 
model 1080 operating table; not all other 
operating tables can be adjusted for this 
specific use. 


COMMENT 


For surgical procedures in the posterior 
fossa and the cervical spine, many neuro- 
surgeons prefer to have the patient in the 
upright position. If arterial hypotension 
develops in a patient in the sitting position, 
one effective means of protecting the brain 
is to bring the patient to a recumbent posi- 
tion with the head lying on the same hori- 
zontal plane as that of the heart. However, 
when hypotension develops in a patient po- 
sitioned in the conventional sitting position, 
as depicted in figure 6, lowering the level of 
the head can be achieved only by a back- 
ward and downward motion of the head, 
neck, and upper trunk. 'Thus positioned, the 
patient is supine, with the operative wound 
facing the floor. 'The fundamental conditions 
of surgical sterility are disrupted and the 
operative field becomes inaccessible to the 
surgeon. At best, all that can be accom- 
plished is to protect the field with sterile 
towels until the situation is under control 
and the patient is either repositioned and 
redraped for continuation of surgery, or 
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Fic 6. Conventional sitting position for operation 
in posterior fossa and cervical spine, as seen from 
left side of operating table. 


more commonly, the procedure is terminated 
and the wound closed. 


In contrast, the lateral sitting position 
can be converted to the lateral horizontal 
position by simply manipulating the T-han- 
dle (fig 5). About 10? more of a head-down 
position can be gained if the back section of 
the table is lowered by the S-handle on the 
right side of the H-frame. This can be ac- 
complished without hazard because the head 
is attached to the back piece where the neck, 
trunk, and head can be safely moved to- 
gether. Further lowering of the head is prob- 
ably unnecessary. 


The position achieved in the lateral, hori- 
zontal position (fig 5) is essentially the 
same as that described by Mount.? If the 
patient's condition permits, operation can 
be resumed and completed in the lateral po- 
sition. We have found that being able to 
move the patient safely and easily from up- 
right to horizontal (and vice versa) is a 
most practical asset of the method, aimed at 
protecting the brain from potential ischemic 
effects of undesirable intraoperative arterial 
hypotension. Marshall* also has advocated 
the use of the lateral sitting position for the 
management of venous air embolism. 


The left lateral horizontal position, as 
described above, is similar to that described 
by Durant's group? and evaluated by 
Oppenheimer and coworkers® for the treat- 
ment of venous air embolism. However, in 
patients with lateralized lesions, such as a 
cerebellopontine-angle tumor on the left 
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side, there may be advantage in reversing 
the patient's position on the operating table 
so that the left operative side is uppermost. 
'Therefore, when the table is placed hori- 
zontally, the patient lies in the right lateral 
horizontal position. While this position has 
been shown in dogs to offer no advantage in 
the treatment of venous air embolism,? the 
ability to place the patient horizontal (right 
or left lateral) is of great therapeutic ad- 
vantage in the management of arterial hypo- 
tension, whether secondary to air embolism 
or to other causes. This position also per- 
mits continued exposure of the operative 
site so that the surgical procedure will not 
be interrupted. 


Over 300 neurosurgical procedures have 
been performed with the patients in the 
lateral sitting position. Approximately one- 
half of these procedures were suboccipital 
craniectomies and the remainder were cer- 
vical and upper thoracic laminectomies. No 
mortality or serious morbidity could be at- 
tributed to the use of this position. In nine 
instances where patients were placed in the 
lateral horizontal position for the treatment 
of hypotension, the arterial pressure was re- 
stored to adequate levels. Each operation 
was completed satisfactorily, with the pa- 
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tient maintained either in the lateral hori- 
zontal position or with the head subsequent- 
ly raised 35 to 80? from the horizontal 
plane. 
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The temperature of aerosol mixture delivered 
from 2 types of immersion heater humidifiers 
was monitored at various sites along the deliv- 
ery tube. As anticipated, the temperature of 
the humidified gas decreased as it moved dis- 
tally from the aerosol generator to the T-adap- 
tor in contact with patient's airway. The im- 
mersion heaters with fixed-temperature ther- 


HE place of humidity in inhalation ther- 

apy and respiratory care is well estab- 
lished.'? The use of heated humidifiers is 
common in postanesthesia recovery rooms 
and intensive care areas for patients with 
tracheostomy, prolonged endotracheal intu- 
bation, and those needing mask O. therapy, 
especially when there are secretion prob- 
lems. 


We employ the Puritan all-purpose neb- 
ulizers (model 126-056) with immersion 
heaters because they provide adequate water 
content to the inspired air in the form of 
humidity and aerosol droplets. These versa- 
tile units allow О, dilution with air. The 
immersion heater units are interchangeable 
and are available in 2 models: (1) model 
TR, with a temperature reset feature on the 
thermostatic control, and (2) model FT, 
with a fixed temperature thermostatic con- 
trol. 
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mostatic control performed consistently, though 
most produced inhaled air temperatures higher 
than desired (737? C). Immersion heaters with 
temperature reset features were in general 
unreliable and invariably gave higher inspired 
air temperatures with higher settings of the 
thermostat. 


From time to time we have noted that 
the inhaled O.-air mixtures were too warm 
for patient comfort. 'This led us to monitor 
the temperature of the inspired air in 15 pa- 
tients, using inhalation systems with heated 
humidifiers while employing mask or endo- 
tracheal tube for delivery of gases. Since 
the values in these preliminary observations 
varied from 23.3? to 42.2? C, and in 5 in- 
stances we had to discontinue treatment be- 
cause of high temperatures, a more exten- 
sive and detailed study was undertaken. 


MATERIAL AND METHODS 


Fifteen immersion heaters, less than 1 
year old and routinely serviced by the cen- 
tral sterilization unit, were studied. Fixed- 
temperature models were numbered FT 1 
to 8 and temperature-reset models were 
numbered TR 9 to 16. An О, therapy sys- 
tem identical with those used in the clinical 
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Fic 1. Diagrammatic representation of O, therapy 
system set up for studies. 1. All purpose nebulizer. 
2. Immersion heater (FT or TR model). 3. Mer- 
cury stem thermometer. 4. Aerosol delivery tube. 
5. Nebulizer outlet thermistor probe. 6. Middle of 
aerosol tubing-thermistor probe. 7. Patient end 
T-adaptor. 8. Bennett manifold thermometer in 
patient end T-adaptor. 9. Endotracheal tube on 
patient end T-adaptor. 10. Expiratory limb. 11. 
Thermistor probe in patient end T-adaptor. 12. YSI 
model 47 scanning telethermometer. 


situation was set up (fig 1). Temperature 
of the water bath was measured by an Hg 
(C) stem thermometer. The corrugated aer- 
osol tubing of approximately 1.9 cm diam- 
eter* was 1.5 m long. The distal (patient) 
end of the tubing was connected with an 
aerosol T-adaptort via a manifold thermom- 
eter assemblyt. 


The expiratory limb of the T-adaptor was 
15 cm long and the tracheostomy or endo- 
tracheal port received a 9.5 mm Portex 
clear plastic endotracheal tube. Thermistor 
telethermometer probes were installed via 
suitable airtight T-pieces at the outlet of 
the nebulizer and middle of the aerosol 
tubing. A third thermistor probe was located 


*B & F Medical Products. 
*Hudscn model 1077. 
iBennett model 0880. 
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inside the T-adaptor at the patient end by 
inserting it through the expiratory limb. 
Thus the patient end T-adaptor had 2 tem- 
perature sensors to verify each other. The 
3 thermistor probes were connected to chan- 
nels 1 to 3 of a scanning telethermometer$. 
Temperatures were measured in Fahrenheit 
and converted to corresponding Celsius val- 
ues. 


The nebulizer was set at an O, inflow of 
7 L/min and at 40% O, air dilution. All 
immersion FT heaters were tested individu- 
ally. For each test, the whole equipment was 
started at room temperature, constantly 
maintained at 25.6? C and 45% relative 
humidity. Precautions were taken to en- 
sure that the initial temperature of the sys- 
tem was at control level and that the tub- 
ing contained no water accumulation from 
prior use. Temperature readings were taken 
at 30 and 60 minutes from the start of the 
experiment. During this period, water ac- 
cumulation in the tubing was prevented by 
gravitational drainage back into the nebu- 
lizer. In addition, the О„ concentration was 
constantly monitored with an O. analyzer. 


Three different groups of experiments 
were conducted with the TR heaters with 
the thermostatic control adjusted to 3 dif- 
ferent settings: coldest, warmest, and medi- 
an. Results were recorded and tabulated 
for each unit studied and with different 
thermostat settings (table). 


RESULTS 


As anticipated, the temperature of the 
gases from water bath to the patient end 
T-piece adaptor showed a gradual reduc- 
tion. Whereas the inspired air temperatures 
were consistent and higher than desirable 
while using the FT model heater humidifiers 





3 Yellow Springs Instrument Company model 47. 


TABLE 
Results of Inhalation System Temperature Observations Using 
Puritan FT and TR Model Immersion Heater Humidifiers in the 
Experimental System—-All Observations 
Room Temperature 25.6° C, Relative Humidity 45% 


Temperature recording sites of system 








Immersion heater Water in Nebulizer Middle of T-piece adapter 
model and bath, °С outlet, °С tubing, °С (inspired air), °С 
thermostat setting Mean — SD Mean + SD Mean + SD Mean + SD 
FT 58 + 5 44+ 2 39.6 + 3 БАЕ 
TR—coldest 46 + 15 36 + 9 32 + 8 30.5 + 7.6 
TR—warmest 64+ 3 48 +2 43 +1 40+ 1 
TR—median 56 + 8 43 +6 38.5 + 5 35 + 4.5 


ee 


v 


Humidifiers . . . Geevarghese, et al 


and the TR model with thermostat at the 
warmest possible setting, the TR models 
did not produce consistent values with low- 
er settings of the thermostat. 


Furthermore, the water temperature in 
the nebulizer peaked in 10 to 15 minutes; 
thereafter it remained steady as long as the 
water level remained within the "fill-to- 
level" and “refill” lines. With the nebulizer 
set for air dilution of 40%, the O. concen- 
tration recorded at the nebulizer outlet 
varied from 41 to 44%. It was also noted 
that if water was allowed to condense and 
accumulate in the aerosol tube without pro- 
vision for gravitational drainage back into 
the nebulizer, the amount varied from 23 
to 57 ml in 1 hour, depending on the tem- 
perature of the water in the nebulizer. 


DISCUSSION 


Heated humidifiers raise the temperature 
of the water and are supposed to maintain 
it well above body temperature, to ensure 
that the gases passing downstream have 
temperatures around 37° C when they reach 
the trachea. This allows a considerable 
amount of heat and water to be adminis- 
tered to the patient. How well the tracheal 
mucosa tolerates heat is not well defined; 
prolonged breathing of air and O, at 37° C 
has been known to cause hyperpyrexia." 
Hyperthermia has been reported in patients 
receiving IPPB using ventilators with heat- 
ed humidifiers in the system where the tem- 
perature of inspired air varied from 29.4? 
іо 41.7? СЛ 


Ideally, patients' air passages should not 
be exposed to temperatures above normal 
body temperature for long, since there are 
known deleterious effects on ciliary activity 
and possible direct thermal damage to the 
respiratory mucosa, but no harm should 
result if temperature of the inspired gases 
is maintained at 32? C. Air at this tempera- 
ture, when 10095 saturated, has a water 
content of 34 mg/L as compared to 44 mg/L 
in air at 37? C, a difference of only 10 mg. 
Preferably, the inspired air temperature 
should be monitored as close to the patient 
as possible. The Bennett MA-1 ventilator 
patient circuit incorporates an efficient cas- 
cade type thermostatically adjustable hu- 
midifier? with provision for monitoring the 
temperature of inspired gases downstream 
but, for practical reasons, not at the endo- 
tracheal connector. 


Under clinically simulated conditions, ex- 
cept for the patient breathing air into the 
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Temperature at T-Adaptor with FT Model Heaters 
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Fic 3. Temperature recorded at patient end 
T-adaptor with TR model heaters at 3 different 
thermostat settings. 


expiratory limb of the system, one finds that 
FT models performed more consistently, 
though in the majority of instances the in- 
haled air temperatures were higher than 
desired (fig 2). Thermostat settings were 
unreliable in most of the TR immersion 
heaters, which generally produced elevated 
inspired air temperatures with higher set- 
tings of the thermostat and were inconsis- 
tent with lower settings (fig 3). 


Apparently the temperature of a heated 
aerosol reaching the patient in a system 
such as the one described depends on the 
following: 


1. Type of breathing system—tracheos- 
tomy cannulas, endotracheal tubes, face 
masks, hoods, tents, etc. 


2. The flow rate of gases. 


3. The length, size, and thermal con- 
ductivity of aerosol delivery tubing. 


334 


ANESTHESIA AND ANALGESIA 


4. The gradient between the heater and 
the ambient temperatures. 


5. 'The level of liquid in the nebulizer 
container and rate of aerosol production. 


The reliability and efficiency of the ther- 
mostat depends on its age, maintenance, 
cleaning, and sterilization. Sharp taps to 
the unit or dropping it on the floor can 
damage the thermostat. The greatest danger 
in the use of heated humidifiers is the pos- 
sibility of thermostat failure and inhalation 
of excessively warm steam. If water is al- 
lowed to condense in the tubing and drain 
into the trachea instead of back into the 
humidifier, serious thermal damage to re- 
spiratory tract is possible. 


An alternative to reduce excessive tem- 
peratures of the aerosol delivered to the 
patient is to elongate the aerosol tubing (in 
excess of 5 feet), though this becomes cum- 
bersome, impractical, and wasteful. It is 
therefore recommended that close vigilance 
be kept over the actual temperature of the 
gases inhaled by patients. 


In the above, we have studied the effects 
of 2 types of heater humidifiers on inspired 
air temperature with the air entrainment 
control for 40% О, only, since this is the 
commonly used level. The entrained room 
air at 40%, О„ setting might be expected to 
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cool the aerosol mixture to a level below 
what might be expected with higher O, set- 
tings of 70 and 100%, since the proportion 
of entrained room air is less in these in- 
stances. These observations, with evalua- 
tion of some of the new units, will follow. 
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Clinical Investigation of a New Intravenous Anesthetic— 
Etoxadrol Hydrochloride (CL-1848C; U-37862A) 


E. L. FREDERICKSON, MD* 
DAVID E. LONGNECKER, MD} 
GARY W. ALLEN, MD: 


Twenty-eight patients were anesthetized with 
etoxadrol as primary agent. The anesthesia 
produced was characterized by profound anal- 
gesia and amnesia, while pharyngeal and laryn- 
geal reflexes, as well as swallowing and lid 
reflexes, remained active. Systolic, diastolic, 
and pulse pressure were slightly increased, 
with associated tachycardia and tachypnea. A 
dose of 0.75 mg/kg produced anesthesia for an 
average of 26 (14 to 53) minutes. Alternating 
nystagmus was present for several hours and 
associated with dreams and/or visions that 
were pleasing to most patients. Six patients, 


JE roramor hydrochloride, a newly devel- 
oped anesthetic agent, has been found 
in animals to produce a state similar to that 
produced by ketamine but lasting 2 to 3 
times longer. The compound is related to 
dexoxadrol, studied as an analgesic agent 
and with a potency similar to that of aspirin. 
However, analgesic doses of dexoxadrol 
produced mental confusion, hallucinations, 
and numbness of the arms and legs.! In 
etoxadrol, a much more potent agent than 
dexoxadrol, a phenyl group is replaced by 
an ethyl radical (figure). Chemically, it is 
unrelated to ketamine and other phencycli- 
dine derivatives. 


Extensive animal studies by Wilson and 
associates, and by Hidalgo’s group? have 


however, had unpleasant dreams for up to 24 
hours. One patient given an excessive dose 
(4.65 mg/kg) was cataleptic, amnesic, and 
analgesic for 6 days. The occurrence of un- 
pleasant dreams and aberrations in over 20% 
of the patients suggests that the drug prob- 
ably has little usefulness in anesthesia. How- 
ever, the extreme safety of the drug (ап 1.05 
equal to some 20 to 10 times the EDs») and 
the prolonged analgesia justified clinical test- 
ing. There was no evidence of metabolic or 
systemic organ system change from any of 
the clinical laboratory studies. 


demonstrated that low doses of etoxadrol 
produce increased cardiac output with in- 
creased systolic, diastolic, and pulse pres- 
sures, associated with tachycardia, nystag- 
mus, and salivation. The LD;, in many 
species was found to be 20 to 40 times the 
clinically effective dose. In monkeys, 2.5 
mg/kg produced anesthesia adequate for en- 
dotracheal intubation and laparotomy, the 
anesthetic state usually lasting 25 to 30 
minutes. The righting reflex was lost for an 
additional 90 minutes after the animal was 
returned to the cage.? 


On the basis of prior work, Wilson's 
group? studied the drug in 13 healthy vol- 
unteers, reporting that a dose of 0.75 mg/kg 
produced a useful comatose state for 50 to 


*Professor, Department of Anesthesiology, Emory University School of Medicine, Atlanta, Georgia 30322. 


+Associate Professor, Department of Anesthesiology, University of Virginia School of Medicine, Charlcttes- 


ville, Virginia. 
tAnesthesiologist, Temple, Texas. 


This study was supported in part by grants from Cutter Laboratories, Berkeley, California and from the 


Upjohn Company, Kalamazoo, Michigan. 
Paper received: 8/6/75 
Accepted for publication: 9/16/75 


336 


CI 
О 
H 
N^ 
“сн; 
Кеїатіпе 
( Ае o 
HH 
0 "ec 9 
HH 
Dexoxadrol Etoxadrol 


Figure. Chemical structure of ketamine, dexoxa- 
drol, and etoxadrol. 


85 minutes in the 11 subjects given this 
dosage. A period of profound analgesia ex- 
ceeded the period described as useful coma 
by varying amounts but was present in all 
subjects up to 2 hours or more. Each of the 
subjects experienced a major dream that 
seemed exceptionally real, the majority be- 
ing described as pleasant or unusual experi- 
ences. In only one subject was there any evi- 
dence of a frightening situation; this oc- 
curred during the emergence phase and was 
thought by the investigators to be a “panic 
reaction.” The EEG recorded from these 
subjects did not resemble that recorded dur- 
ing the use of any other drug, being charac- 
terized by an increase in the amplitude of 
an alpha activity, described as “juvenile 
alpha rhythm.” 
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METHODS AND MATERIALS 

The foregoing phase-I study in a compre- 
hensive multidisciplinary, multiorgan evalu- 
ation of etoxadrol in normal human volun- 
teers demonstrated the physiologic safety 
of this drug. We therefore decided to test 
etoxadrol in the clinical situation. After in- 
formed consent was obtained, the drug was 
administered to 14 patients by a single in- 
vestigator. This initial clinical trial was 
later expanded to involve an additional 14 
patients (table 1), using a similar clinical 
protocol. 


RESULTS 

The first 14 patients, anesthetized by one 
of us (ELF), underwent operations that 
were superficial in 6, urologic in 4, gyneco- 
logic in 2, orthopedic in 1, and thoracic in 
1 (table 2). The anesthetic state produced 
by the drug was useful, and amnesia was 
complete for each patient. Relaxation was 
not good, and patients frequently made ran- 
dom movements of all their extremities, but 
the operative field remained quiet. 


Induction doses ranged from 0.75 to 1 
mg/kg IV over 20 to 40 seconds. Of the first 
14 patients, only 2 stated they would not 
like to again have the same anesthetic for 
the same procedure, both complaining that 
the drug effect lasted too long, and one dis- 
liked the unpleasant dreams. Three of the 
14 patients did not remember having 





TABLE 1 
Age and Sex of Patients 
20-40 40-60 >60 Total 
Male 11 (4) Т (5) 2(1) 20 (10) 
Female T (1) 5 (2) 2 (1) 8 (4) 


(—)—Number of patients in original study. 


TABLE 2 
Surgical Procedures Performed with Etoxadrol Anesthesia 


————————————————————————————————————D 


Superficial (skin grafts, burn dressings, excisions, biopsies, etc.) 


Orthopedic 


Urologic (cystoscopy or transurethral resections) 


Dilation and curretage (with conization of cervix or 


radium insertion) 
Thoracotomy with lobectomy 
Totals 


(—)—Number of patients in original study of 14. 








Number of Supplemental 
patients anesthesia 
12 (6) 6* (1) 
8 (1) 4 (1) 
4 (4) 1 (1) 
8 (2) 2 (2) 
lb) 1(1) 
28 (14) 14 (6) 


"Three of these patients required supplemental anesthesia before surgery could begin. 


Etoxadrol Hydrochloride . . . Frederickson, et al 





TABLE 3 
Premedications Used with Etoxadrol 

None 2 (2) 
Atropine or scopolamine 5 (1) 
Morphine and atropine or scopolamine 8 (1) 
Barbiturate and atropine or scopolamine 5 (4) 
Barbiturate, narcotic, and 

atropine or scopolamine 3 (2) 
Droperidol and scopolamine 2 (1) 
Droperidol 1(1) 
Barbiturate and diazepam 1 (1) 


Barbiturate, diazepam, and scopolamine 1 (1) 


Total 28 (14) 


(—)—Number of patients in original study. 


dreams; however, 2 of these patients obvi- 
ously had been dreaming in the postopera- 
tive state, so perhaps their recall inability 
was related to poor communications. The 
rest of the patients had dreams that were 
recalled as pleasant, although frequently de- 
scribed as unusual. The most impressive 
characteristic of this drug was prolonged 
profound analgesia. 


On the basis of this experience, the study 
was enlarged to a multiinstitutional study 
involving 4 other investigators. The protocol 
was defined in a more rigid manner, but still 
the investigator was given leeway to treat 
any complications that might occur and to 
give dosage up to a maximum of 1.5 mg/kg 
and other anesthetic agents if required for 
anesthesia. Premedication varied according 
to the individual preference of each investi- 
gator (table 3). No significant difference 
was noted in regard to drug interaction with 
any of the premedicants used. 


The majority of surgical procedures were 
primarily superficial, but a considerable 
number were orthopedic, believed to entail 
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significant postoperative pain. 'The drug was 
used only as an induction agent for the 
thoracotomy. It was noted that less etoxa- 
drol was required in elderly patients, and 
that the degree of relaxation obtained was 
much greater than in younger patients. 


Although there was a great deal of varia- 
tion between patients in the depth and dura- 
tion of anesthesia, there was a characteristic 
response to the induction dose, commonly 
0.75 mg/kg, but on 4 occasions, 1 mg/kg 
was used electively. Three patients required 
1.125 mg/kg before there was sufficient 
quietude to begin the operation (table 4). 
The response to this induction dose was 
initially sluggish speech and a blank stare 
with alternating horizontal and vertical nys- 
tagmus. Several patients stated that their 
body felt numb and that they felt as though 
they were dying. Facial motions, commonly 
of the lips and the tongue, were frequently 
associated with a slow rolling motion of the 
head. Vocalization continued during the pro- 
cedure in 6/28 patients. Surgical stimulation 
did not appear to modify what appeared to 
be verbalization of dreams. 


Respiratory rate was invariably increased, 
but on 2 occasions, a period of apnea that 
lasted approximately 10 seconds preceded 
the onset of tachypnea. 'The cardiovascular 
system appeared to be receiving increased 
sympathetic stimulation, as demonstrated 
by the increase in systolic, diastolic, and 
pulse pressures. Heart rate also increased, 
but not to an alarming degree. One patient 
had premature ventricular contractions with 
bigeminy, lasting for approximately 60 sec- 
onds. 'This was associated with surgical stim- 
ulation of the lower urinary tract. All pa- 
tients appeared warm and none perspired, 
even when responding to surgical stimula- 
tion. 


Conversation with the patients was fre- 
quently possible, although their speech was 
slow and anything beyond a single-word 


TABLE 4 


Duration of Anesthetic Action 
Mean Anesthesia Time in Minutes 


Total dose, mg/kg 





0.75 1.0 





1.125 1.25 1.5 2.0 2.5 4.65 
Etoxadrol alone 26 (5) 44 (6) -= 101 (2) — = 104 (1) 
Etoxadrolsupplemented* 68 (3) 45 (1) 51 (3) 63 (1) 90 (4) 103 (1) 80(1) — 





(—)—Indicates number of patients. 


*Anesthesia time due only to etoxadrol could not be determined because other anesthesia (usually N.O) 
was administered electively from the beginning of the procedure. 
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answer appeared difficult. Muscle relaxa- 
tion was evident only in the elderly pa- 
tients, and more characteristic was a plas- 
ticity of the limbs with mild catatonic posi- 
tioning. Airway maintenance was never a 
problem unless salivation was excessive. 
Swallowing was not uncommon during the 
course of the procedure. Elderly patients 
frequently had a relaxed airway and re- 
quired some airway support shortly after 
induction. 


In 9 patients whose temperature was mon- 
itored continually during the operative and 
postoperative periods, the increase in tem- 
perature never exceeded 1? C, but more sig- 
nificantly, there was no decrease in tempera- 
ture greater than 1? C. This was deemed 
unusual, especially in light of the usual 
hypothermic response in patients having 
burn dressing changes and skin grafts. 


It was impossible to prevent movement 
in 3 patients, even though the recommended 
maximum dose of the drug was given. For 
these procedures, the drug was considered 
unsatisfactory and other anesthetics were 
administered. All three of these patients 
were in the superficial surgery group and in 
the latter group of 14 patients. One had 
received morphine and atropine for premed- 
ication five hours before induction (case 
delayed) and scopolamine 0.2 mg IV seven 
minutes before induction. The other two 
received only atropine for premedication. 
Supplemental nitrous oxide only was need- 
ed for these last two patients for completion 
of their burn dressing change, but the former 
required morphine 4.0 mg IV as well as 
nitrous oxide so his ulnar neurolysis could 
be completed. 'The other 11 patients received 
nitrous oxide electively at the beginning 
of the procedure or because the maximum 
dose of etoxadrol had been used and a great- 
er amount of anesthesia time was needed. 


Adverse or threatening dreams were re- 
ported by 6/28 patients, all of whom had a 
prolonged period of recovery. Of these, 3 
recalled periods of psychotic activity when 
they were totally unable to control their 
thoughts or actions. Only 7/28 patients stat- 
ed that they had no dreams, and the dream 
content of the others most commonly in- 
cluded comments such as “floating,” “puffy,” 
and “out of this world." Relationship of 
dream content to past events in the patient's 
life was common. An individual who had 
been wounded in Vietnam had dreams of 
this unpleasant event. In contrast, most of 
the dreams were pleasant, relating to such 
things as childhood, trips away from home, 
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military duty in Japan, or frequently just 
association with a pleasant scene. 


Such mental aberrations frequently per- 
sisted up to 18 to 24 hours. However, they 
were voluntarily controlled by most of the 
patients and could be reinstituted if the 
patient closed his eyes. In one patient 
(who had inadvertently been given 4.65 
mg/kg) this effect lasted for 6 days. 


One of the most profound results of etoxa- 
drol was the production of an analgesic 
state characterized by an awareness of pain 
when called to the patient's attention, but 
frequently accompanied by the statement 
“It doesn’t bother me." Postoperative anal- 
gesic agents were rarely needed, and stimu- 
lation of donor sites of skin graft elicited 
little or no response, even though the pa- 
tient was responding rationally. 


Of the 28 patients, 5 vomited without 
nausea following postoperative fluid intake. 
One patient, who had a previous history of 
nausea and vomiting after other anesthetic 
procedures, continued with nausea and vom- 
iting for 48 hours after anesthesia with this 
drug. 


Postoperative clinical laboratory studies 
showed no significant changes in hemoglo- 
bin, red or white blood count, hematocrit, 
creatinine, urinalysis, SGOT, LDH, alka- 
line phosphatase, or total blood proteins. 
Two of the patients had mildly elevated 
BUN, both before and after operation, and 
4 had a minimally elevated SGOT, both 
before and after operation. 


DISCUSSION 


As the response pattern to etoxadrol is 
new to anesthesia, comparison in this study 
is primarily based on subjective comments 
and opinions of the clinical response of pa- 
tients. The drug does produce a comatose 
state characterized by CNS, cardiovascular, 
and respiratory stimulation. 


In attempting to group this compound 
with other anesthetic agents, we are obliged 
to compare it with the group classified by 
Winters and associates’? as demonstrating 
all states of electrical activity in the EEG 
up to generalized seizures. This group in- 
cludes the phencyclidine compounds, gam- 
ma hydroxybutyrate, alpha chloralose, tri- 
chloroethylene, and enflurane, a variety of 
compounds that appear to have no chemical 
relationship. However, they all produce a 
state of CNS depression and analgesia fre- 
quently associated with hallucinatory and 
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epileptoid components in primates, includ- 
ing man. Chen? states that the arylcyclo- 
alkylamines (phencyclidine, cyclohexamine, 
and ketamine) and the 1,3 dioxolanes (dex- 
oxadrol and etoxadrol) are “sympathomi- 
metic anesthetics," classified as anesthetic 
agents only because they eliminate the re- 
sponse to surgical stimuli in a reversible 
manner. The obvious lack of inhibition, 
EEG changes, and behavioral changes seen 
in animals, as well as the production of pro- 
found analgesia, imply that the action of 
these drugs on the CNS is widely ramified, 
either by direct action on receptor sites or 
indirectly by modification of neurotransmit- 
ter synthesis, metabolism, release, or up- 
take. 


Future study of these drugs may elucidate 
the mechanism of CNS changes. Current 
studies on various monoamines within the 
CNS demonstrate that profound behavioral 
effects and sleep are produced by changes 
in both content and turnover rate of these 
amines. It is evident from these and other 
studies that serotonin, norepinephrine, and 
dopamine are all of significance in terms of 
CNS function.? 


We have found a significant difference in 
brain concentration of these amines during 
and after the administration of thiopental, 
ketamine, and etoxadrol. The apparent rate 
of synthesis of brain serotonin was reduced 
to 50 to 6097, of control levels 4 hours after 
administration of both ketamine and etoxa- 
drol. These drugs also produced increases 
in the apparent rate of brain dopamine syn- 
thesis, which reached as much as 200% of 
control 6 hours after administration. In con- 
trast to this, thiopental caused only a mar- 
ginal decrease in the apparent synthesis rate 
of brain serotonin and a 30% decrease in 
apparent synthesis rate of dopamine in 
rats.!? 


'The production and incidence of dreams 
during or after anesthesia, characteristic of 
many anesthetic agents, has received the 
attention of many investigators, especially 
with ketamine.!! Brice and colleagues!? and 
Crawford's group!? demonstrated a high in- 
cidence of dreaming during thiopental-N.O- 
relaxant anesthesia. The mental aberrations 
observed in our study do not necessarily 
relate to awareness during operation, al- 
though the surgical procedure may stimu- 
late the delusion. One of our patients had a 
lymph node removed from the anterior cer- 
vical chain just cephalad to the thyroid 
gland. After recovery, he claimed he had 
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watched the operation from a corner of the 
operating room, finding it not an unpleasant 
experience. Memory of actual events dur- 
ing the surgical procedure could not be 
elicited from any of our patients. 


The high incidence of unpleasant dreams 
or psychotic experience has prevented fur- 
ther clinical investigation of etoxadrol as an 
anesthetic agent. However, continued ani- 
mal studies relating to both its analgesic 
action and CNS effects have continued.!* 
It is hoped that future studies will further 
our understanding of the mechanism of 
action of anesthetic agents and of analgesia, 
for the increased safety and efficacy of 
anesthesia. 
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Endobronchial Intubation for Intraoperative Protection 
of a Single Functioning Lung: А Case Report 


JAY B. BRODSKY, MD* 
MICHAEL D. ABRAMAWITZ, МВТ 
MARY P. MEHREZ, МО? 


Е" endobronchial intubation is usu- 
al for intrathoracic surgery. A case is 
presented demonstrating a role for endo- 
bronchial anesthesia in situations when as- 
sured access to a single lung is necessary. 


A 51-year-old woman was admitted with 
signs and symptoms of acute spinal-cord 
compression. Five months earlier, carcinoma 
of the right lung with lymph-node involve- 
ment had been diagnosed, for which she 
was treated with radiation (6000 r) to the 
trachea, carina, and paratracheal lymph 
nodes. In the 2 months before admission, 
the patient experienced increasing thoracic 
back pain associated with dyspnea, devel- 
oped a productive cough, and was given 
antibiotics for multiple right-lung abscesses 
noted on chest x-ray. 


On admission, gas myelography demon- 
strated collapse and destruction of the 6th 
thoracic vertebral body, associated with an 
epidural soft-tissue mass which compressed 
the spinal cord. Emergency decompressive 
surgery was indicated. A preoperative roent- 
genogram showed a large, left paratracheal 
lymph node compressing the trachea, and a 
completely opaque right hemithorax. Breath 
sounds were absent on the right but the 
left lung was clear. 


An arterial blood-gas sample, drawn while 


the patient breathed room air, showed Pao; 
71 torr, Paco, 32 torr, pH 7.47, total CO, 
23 mM/L, and base excess +1 mEq/L. 
Thoracocentesis yielded 500 ml of sero- 
sanguinous fluid, but the procedure was dis- 
continued when the patient experienced 
pleuritic pain. Postthoracocentesis chest 
x-ray showed no reduction in the right pleu- 
ral effusion or reexpansion of the collapsed 
right lung (fig 1). 





Fic 1. 


Roentgenogram taken immediately after 
thoracocentesis, demonstrating complete opacity of 
right lung. Dark lines outline position of trachea as 


determined by  bright-light transillumination of 


original x-ray. 
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Fic 2. Roentgenogram following intubation, dem- 
onstrating (arrows) that left endobronchial tube has 
bypassed site of potential obstruction, permitting 
patient to be placed prone. Note also some aeration 
of right lung, due to positive-pressure ventilation. 


Anesthetic induction consisted of preoxy- 
genation, followed by a sleep dose of sodium 
thiopental, d-tubocurarine to prevent fas- 
ciculations, and succinylcholine to facilitate 
intubation. The larynx was sprayed with 
4%, lidocaine, and a 35-French Carlens left 
double-lumen endobronchial tube was 
passed (fig 2). 


The patient, placed in the prone position, 
underwent a 2-hour decompressive thoracic 
(T5-7) laminectomy under N.O-O.-halo- 
thane anesthesia, with increments of d-tubo- 
curarine, without complications. Ventilation 
was controlled and intraoperative blood-gas 
samples demonstrated satisfactory gas ex- 
change. 


After postoperative return to the supine 
position, the patient received atropine and 
neostigmine and was extubated in the oper- 
ating room. In the recovery room, she 
breathed 40% О, via a heated nebulizer 
without respiratory difficulty and was re- 
turned to her room 4 hours postoperatively. 


The patient’s immediate postoperative 
course was satisfactory and she showed signs 
of neurologic improvement, but the right 
pleural effusion persisted and required fre- 
quent drainage. Eventually nitrogen mus- 
tard successfully prevented reaccumulation 
of the effusion, and the right lung was par- 
tially reexpanded. However, the patient de- 
veloped antibiotic-resistant pneumonia and 
expired 7 weeks postoperatively from respir- 
atory failure. 
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DISCUSSION 


In 1931, Gale and Waters! suggested the 
use of single-lumen cuffed tubes for closed 
endobronchial anesthesia during thoracic 
surgery. Carlens,? in 1949, introduced the 
double-lumen endobronchial catheter into 
clinical practice. 'These technics are usually 
employed to prevent contralateral spread 
of material from diseased to healthy lungs 
and to provide a selectively collapsed lung 
when necessary during intrathoracic sur- 
gery.?? 


Our patient had a single functioning lung. 
The potential hazard of obstruction of the 
main bronchus to that lung from extrinsic 
compression by enlarged paratracheal lymph 
nodes was revealed by the preoperative chest 
x-ray. Placing the patient prone for the sur- 
gical operation would have made access to 
her functioning left lung difficult in the 
event of intraoperative upper-airway ob- 
struction. Elective endobronchial intubation 
bypassing the site of possible airway ob- 
struction was demonstrated radiologically 
prior to turning the patient to the prone 
position. 


In addition to assuring access to the left 
lung, the double-lumen Carlens tube isolated 
that lung from the secretions and tumor 
cells of the opposite lung. Any double-lumen 
left endobronchial tube would have been 
equally appropriate. Intraoperative ventila- 
tion of both lungs demonstrated some aera- 
tion of the right lung during controlled posi- 
tive-pressure ventilation (fig 2). 


Intraoperative endobronchial intubation 
should be considered in emergency opera- 
tions with potential compromise of a single 
functioning lung, although this technic is 
not without hazards, since trauma to the 
airway from difficult intubation can poten- 
tiate obstruction, especially during the im- 
mediate postextubation period. Patients 
should be carefully observed in the recovery 
room or intensive care unit following extu- 
bation, and means for establishing an open 
airway should be available by the bedside. 
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THE EFFECT OF PROLONGED BREATHING ОЕ О, IN HIGH CONCENTRATION 
ON THE RESPIRATORY SYSTEM: EXPERIMENTAL INVESTIGATIONS. Although 
no attempt was made to extrapolate results from dogs to man, statistically impressive 
data were derived from a study of 17 dogs (7.5 to 30 kg) investigated to answer 3 
major questions: (1) What is the effect (in dogs) of breathing 100% О» at 1 atm (600 
torr) for up to 48 hours? (2) Can controlled respiration alter the action of prolonged 


О. breathing in high concentrations? 


(3) What, if any, pulmonary damage results 


from breathing? Assessment of the cardiorespiratory system was based on an analysis 
of indices determining (1) respiratory mechanics, (2) ventilation:perfusion relation- 
ships, (3) gas-exchange values, (4) O: transport and utilization in tissues, (5) mor- 
phologie lung changes. The author concludes: (1) All dogs showed pulmonary damage 
after 30 hours, changes beginning by the 12th hour and appearing during spontaneous 
as well as mechanical О ventilation. (2) Respiratory rate, A: a ratio, and pulmonary 
shunting increased; lung compliance decreased; CO: excretion was impaired. (3) Pul- 
monary morphology showed extensive atelectasis and exudative reaction. (4) Mechani- 
cal respiration increased the O.-induced damage. (5) Long-term quiet breathing of О» 
also disturbed the V/Q ratio. (6) If long-term high concentrations of О» must be admin- 
istered, Рао, should not be permitted to exceed 100 torr, as dysplasia bronchopulmonalis 
is likely to result even earlier in man than in dogs. (Szreter. Anaesth Resuse Intensive 


Ther 1:305-324, 1973.) 
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Prolonged Neuromuscular Blockade with Pancuronium in the 
Presence of Acute Renal Failure: А Case Report 


DWIGHT G. GEHA, MD* 
CASEY D. BLITT, MD} 
B. J. MOON, МО} 


Tucson, ArizonaS 


Prolongation of neuromuscular block following 
pancuronium administration to anephric pa- 
tients has been reported. A patient is described 
whose postoperative course after resection of 
gangrenous bowel was complicated by acute 
renal failure and prolonged neuromuscular 
blockade. A large intraoperative dose of pan- 
curonium was administered without monitoring 
neuromuscular transmission with a peripheral 
nerve stimulator. 

The course was further complicated by admin- 
istration of gentamicin, an antibiotic known to 
potentiate neuromuscular blocking drugs. Com- 
plete return of neuromuscular transmission oc- 
curred 60 hours after administration of the 


Р" neuromuscular blockade fol- 
lowing pancuronium administration has 
been reported (1) in a healthy young 
woman,! (2) in association with the anti- 
biotic polymyxin-B,? and (3) in an anephric 
patient with biliary obstruction and evi- 
dence of hepatocellular dysfunction.? Adler 
and Pilon* found that anephric cats required 
twice as long as normal animals for return 
of neuromuscular transmission following 
pancuronium. In a clinical study, Miller's 
group? found that single doses of 1.8 to 5.5 
mg of pancuronium given to patients in re- 
nal failure resulted in a neuromuscular 
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last dose of pancuronium and subsequent to 
peritoneal dialysis. 

After rapid distribution from plasma, pancuro- 
nium, like curare, is eliminated by the renal 
pathway. The absence of renal excretion con- 
siderably increases the duration of action of 
curare when given in high doses. It has been 
suggested that doses of pancuronium greater 
than 3.6 mg/sq m or multiple doses would re- 
sult in prolonged neuromuscular block in pa- 
tients without renal function. The case reported 
illustrates the importance of monitoring neuro- 
muscular transmission during administration 
of pancuronium in the presence of renal insuf- 
ficiency to avoid this complication. 


block lasting 20 to 40 minutes longer than 
in patients with normal renal function. 


This report describes a patient who re- 
ceived a large intraoperative dose (11.8 
mg/sq m body surface area) of pancuronium 
and whose subsequent postoperative course 
was complicated by acute renal failure and 
prolonged neuromuscular blockade. In ad- 
dition, the patient received 2 doses of gen- 
tamicin, an antibiotic known to be associ- 
ated with clinical neuromuscular block.".* 
Of major importance, however, was the fail- 
ure to monitor neuromuscular transmission 


$Department of Anesthesiology, University cf Arizona College of Medicine, Tucson, Arizona 85724. 


Reprint requests to Dr. Blitt. 


Paper received: 7/14/75 
Accepted for publication: 10/24/75 


344 


ANESTHESIA AND ANALGESIA 


with a peripheral nerve stimulator. If the 
dose of pancuronium had been “titrated” 
according to the twitch response, an exces- 
sive dose would not have been given. 


CASE REPORT 

A 63-year-old Caucasian woman was ad- 
mitted to the emergency room comatose, 
dyspneic, cyanotic, and in shock. Systolic 
blood pressure was 70 torr, heart rate 190 
bpm, and rectal temperature 39.6 C. The 
abdomen was markedly distended. Initial 
resuscitative efforts included administration 
of O., 2 L of balanced salt solution, dopa- 
mine by continuous infusion, hydrocorti- 
sone sodium succinate (1 gm), gentamicin 
(80 mg), sodium cephalothin (2 gm), and 
digitalis. 


History revealed 48 hours of nausea, 
vomiting, abdominal pain, intermittent he- 
matochezia, several diarrheal stools, and 
absence of urination. Past history included 
cobalt irradiation for a transitional-cell car- 
cinoma of the bladder 2 years previously. 
An intravenous pyelogram at that time indi- 
cated a nonfunctioning right kidney. In ad- 
dition, she had a history of asthma treated 
with 40 units of ACTH monthly and self- 
administered aminophylline. 


Despite initial improvement, the patient 
became increasingly tachypneic. The tra- 
chea was intubated and mechanical ventila- 
tion instituted. Pancuronium bromide (6 
mg) IV was given to achieve a satisfactory 
ventilatory pattern and an acceptable peak 
inspiratory pressure. A diagnosis of septic 
shock due to large-bowel obstruction and 
necrosis was made and the patient was taken 
to the operating room. 


Anesthesia was induced and maintained 
with N.O-O, and fentanyl. At the time of 
induction, gross movements indicated recov- 
ery from the previous neuromuscular block- 
ade, and pancuronium (4 mg) was given. 
Fentanyl (0.25 mg) and additional pancuro- 
nium (14 mg) were administered during a 
6-hour surgical procedure consisting of lysis 
of adhesions, colon resection, and colostomy. 
The total dose of pancuronium, including 
the 6 mg given preoperatively, was 24 mg. 
No peripheral-nerve stimulator was used. 
Fluids administered totaled 5500 ml of crys- 
talloid, and urine output was 320 ml. At 
the conclusion of the operative procedure, 
the patient was taken to the ICU with the 
endotracheal tube in place and mechanically 
ventilated with a Bennet MA-I respirator. 
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No attempt was made to antagonize the neu- 
romuscular block. The patient was unre- 
sponsive, but vital signs were stable, with 
blood pressure 120/90 torr, heart rate 100 
bpm, СУР 15 cm H,O, and rectal tempera- 
ture 36.6 C. Arterial blood-gas values on 
Fro, 0.5 showed a Рао, of 96 torr, Paco, 
33 torr, pH 7.40, and HCO, 21 mEq/L. 
Total protein was 5.1 mg/100 ml with albu- 
min of 2.7 mg/100 ml. During the first 3 
postoperative days, electrolytes were Nat 
142 to 148 mEq/L, CI- 92 to 100 mEq/L, 
K* 3.8 to 5.1 mEq/L, and CO, 20 to 25 
mEq/L. BUN increased from 50 mg/100 ml 
to 90 mg/100 ml and creatinine from 3 mg/ 
100 ml to 7.6 mg/100 ml. 


During the first 12 hours in the ICU, urine 
output remained low, totaling less than 600 
ml, in spite of crystalloid fluids, 5% puri- 
fied protein fraction ( Plasmanate*) , and re- 
peated doses of furosemide (Lasix®). Serum 
and urine osmolality were 303 mOsm and 
291 mOsm, respectively, and urine Na 51 
mEq/L, compatible with acute renal failure. 
The patient continued to be unresponsive. 


Fourteen hours after the last dose of pan- 
curonium, and nearly 20 hours after the 
initial dose, a peripheral nerve stimulator 
(Burroughs-Wellcome, 50 Hz) applied in 
the area of the ulnar nerve at the wrist via 
subcutaneous needle electrodes elicited no 
twitch and no response to tetanic stimula- 
tion. 


On the morning of the 2nd postoperative 
day and 37 hours after the last dose of pan- 
curonium, a slight twitch, rapid fade in re- 
sponse to 50 Hz stimulation and post-tetanic 
facilitation were observed. Several hours 
later, the patient received a second dose of 
gentamicin (80 mg) IM and an hour later 
the twitch response was absent. Later in the 
afternoon, peritoneal dialysis was instituted, 
with 11 dialysis runs by the following morn- 
ing. At that time, 60 hours after the last 
pancuronium dose, a strong twitch, sus- 
tained tetanus, and absence of post-tetanic 
facilitation were observed. The patient died 
on the 13th postoperative day from renal 
failure, gram-negative sepsis, and septic 
shock. 


DISCUSSION 
The cessation of effect of neuromuscular 
blocking drugs other than succinylcholine 
depends upon redistribution and excretion, 
mainly by urinary filtration.’ Following IV 
administration, plasma concentration reach- 
es an initial peak and then falls rapidly in 
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an exponential manner. Using isotope- 
labeled compounds, it has been shown that 
the drugs will be localized in muscle, espe- 
cially concentrated at the junctional area, 
but the highest tissue concentrations are 
present in liver, spleen, and kidney.’ 


Recently, Gibaldi and coworkers? have 
described a. pharmacokinetic, multicompart- 
mental model for the distribution and elim- 
ination of d-tubocurarine (dTc) in man, 
based upon previously reported data on 
plasma and extracellular fluid. It further 
illustrates that there is a disproportionate 
increase in duration of effect of d'Tc with 
large doses. Using this model, Gibaldi's 
group have shown that absence of renal ex- 
cretion increases the duration of action of 
curare only slightly in the low-dose range 
but considerably in the high-dose range.!" 
They conclude that renal failure will pri- 
marily affect the duration of action of large 
single and multiple doses of d-tubocurarine. 


The elimination of pancuronium in man 
has been reported by Agoston and associ- 
ates.!! A single IV injection of pancuronium 
disappears from plasma in 3 phases with a 
half-life of less than 5 minutes, 7 to 13 min- 
utes, and 108 to 147 minutes, respectively. 
Detectable levels are still present after 4 
hours. At 30 hours, approximately 40% of 
the injected dose was recovered in the urine 
and 10% in bile. A small amount of this 
was accounted for by 1 metabolite and the 
remainder was unchanged pancuronium. 
Thus it appears that the distribution and 
elimination of pancuronium and dTc are 
similar. 


Miller's group? found that 1.8 to 5.5 mg 
of pancuronium resulted in a duration of 
neuromuscular block 20 to 40 minutes long- 
er in anephric patients than in patients with 
normal renal function. Assuming that pan- 
curonium is 5 to 8 times more potent than 
dTc, his results were comparable to those 
predicted by the computer model of Gibaldi 
for d Tc in patients with renal failure. Based 
on this comparison, Miller suggested that 
doses of pancuronium greater than 3.6 mg/ 
sq m or multiple doses would result in pro- 
longed neuromuscular block in patients 
without renal function. 


Renal excretion is the primary pathway 


345 


of elimination of both d Tc and pancuronium. 
In the absence of renal function, the biliary 
elimination of dTc is increased fourfold.!? 
Whether this occurs with pancuronium is 
not known. Thus the dose of pancuronium 
administered in the presence of decreased or 
absent renal function must be carefully con- 
trolled, especially if more than 1 increment 
is given. The degree of neuromuscular block 
present and the amount of neuromuscular 
blocking-drug required can be adequately 
assessed only by a peripheral nerve stimu- 
lator. 
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Unrelenting Hypotension Associated with an Acute Abdomen 
in a Comatose Hemophiliac Child: A Case Report 
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St. Louis, Missouri§ 


A comatose 4-year-old hemophiliac presented 
with an acute abdomen; subsequently he devel- 
oped unrelenting hypotension. An immediate 
exploratory laparotomy was required, without 
time for determining baseline factor VIII 


Су vecessrut operative management of 

hemophiliacs requires a team effort by 
anesthesiologist, surgeon, and hematologist. 
Pechet and Glaser! reviewed the problems 
encountered in the surgical treatment of 
such patients. Although preoperative assess- 
ment of factor-VIII (antihemophilic globu- 
lin, AHF) plasma levels is desirable to 
evaluate the efficacy of therapy,? one may 
be forced to proceed with anesthesia and 
operation without this initial laboratory 
guide. In such an emergency, readily avail- 
able AHF concentrates and fresh frozen 
plasma are mandatory. This case report em- 
phasizes numerous problems one can en- 
counter in a hemophiliac presenting for 
emergency surgery. 


REPORT OF A CASE 


An obese 4-year-old Negro boy, weighing 
29 kg, had been active until 5 days prior to 
admission, when he developed vomiting, 
frontal headache, and was treated at an- 
other hospital with IM penicillin. Past his- 
tory was significant in that the patient was 
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(АНЕ) levels. Despite hypotension and hemor- 
rhage, vigorous intraoperative fluid volume re- 
placement and the administration of fresh 
frozen plasma and AHF concentrates brought 
a successful conclusion. 


а hemophiliac, a diagnosis made at 8 months 
of age, when he suffered an intracranial 
hemorrhage. During that hospitalization, a 
ventriculoperitoneal (VP) shunt was made 
for communicating hydrocephalus. His pro- 
gress over the ensuing 314 years was marked 
by periodic emergency room and clinic visits 
for spontaneous bleeding episodes. 


Four days before admission to our hospi- 
tal, the frontal headaches progressed to 
grand mal seizures. His overall neurologic 
condition worsened, and he was transferred 
to our hospital. On admission to the pedi- 
atric service, his state of consciousness fluc- 
tuated between lethargy and combativeness. 
Although no history of trauma was obtain- 
able, this possibility could not be excluded 
because of his disoriented, uncooperative 
mental status. Vital signs in the emergency 
room revealed a blood pressure of 70/40 
torr, pulse rate between 170 to 200 bpm, and 
rectal temperature of 38.5 C. 


Significant physical findings included 
marked abdominal distention, with a pal- 
pable left upper-quadrant mass, fullness of 
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the right temporal area over the VP shunt, 
massive swelling of the right upper arm at 
the previous IM injection site with faintly 
perceptible distal pulses, and well-healed 
scars from 7 previous peripheral cutdowns. 
Pertinent abnormal laboratory findings in- 
cluded a hematocrit of 22%, serum K* 3 
mEq/L, and chest radiograph revealing 
scattered peripheral infiltrates. Although a 
radiograph of the abdomen confirmed the 
huge abdominal mass, the position of the 
catheter tip for the VP shunt could not be 
definitively located. 


The surgical service was consulted for 
placement of an IV cutdown in the left fore- 
arm; 200 ml of lactated Ringer’s solution 
with 5% dextrose was given, leading to an 
increase in systolic pressure (110 torr). 
Nevertheless, while still in the emergency 
room, the patient became more lethargic, 
again developed hypotension (50 torr sys- 
tolic), and suffered a respiratory arrest. A 
4 mm ID uncuffed endotracheal tube was 
placed. Two units of non-type-specific 
O-negative packed erythrocytes were trans- 
fused, plus an additional 1000 ml of crys- 
talloid solution (equally divided between 
normal saline [NS] and lactated Ringer’s 
[RL]), without an increase in blood pres- 
sure. As the abdominal girth continued to 
increase, the carotid pulses became barely 
palpable. The patient was rapidly trans- 
ferred to the operating room. 


Upon presentation for immediate explora- 
tory laparotomy, systolic blood pressure was 
50 torr, carotid pulses (rate = 160 - 180) 
were faintly palpable, and breath sounds 
were absent to auscultation of the left hemi- 
thorax. The endotracheal tube was with- 
drawn until breath sounds were bilaterally 
equal; however, because of copious secre- 
tions and an inability to adequately suction 
through the small tube, optimal ventilation 
was impossible. A 5.5 mm ID uncuffed endo- 
tracheal tube was rapidly placed and its 
position verified by auscultation. Subse- 
quently, copious amounts of brownish-yel- 
low material could be suctioned from the 
airway. 


While ventilation was controlled with 
100% O., d-tubocurarine was given IV (1 
mg increments) to produce muscle relaxa- 
tion, with N.O added to a maximum of 50% 
concentration for anesthesia. As long as 
blood and electrolyte fluids were continu- 
ously administered by syringe, the systolic 
blood pressure (using a cuff on the left leg) 
could be maintained at 50 to 60 torr. An 
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unsuccessful attempt was made to place a 
Doppler probe near the popliteal artery. 
Neither upper extremity could be used for 
monitoring blood pressure. 


Certainly, a central venous pressure 
(CVP) determination could have helped 
gauge the rate of fluid and blood adminis- 
tration. Several considerations made us re- 
luctant to place this monitor. For example, 
the only route available for the catheter was 
a second left upper-extremity cutdown or 
percutaneous subclavian or internal jugular 
puncture. In this hemophiliac, the safety of 
both options seemed questionable. Further- 
more, we were hesitant to rely on whatever 
reading we obtained without radiographic 
verification of catheter tip placement. 


Accordingly, placement of a CVP moni- 
tor was deferred. Since the preoperative 
diagnosis was intraabdominal hemorrhage, 
the surgeons proceeded with an immediate 
exploratory laparotomy. Total fluid volume 
administered during the course of the un- 
relenting preoperative hypotension included 
2 units each of whole blood, packed eryth- 
rocytes, fresh frozen plasma, and electrolyte 
fluids (RL and NS), and 3 ml/kg of AHF 
concentrate. 


A transverse abdominal incision down to 
the peritoneum resulted in profuse venous 
bleeding. No free blood was visible through 
the peritoneum. All fluid and blood admin- 
istration was discontinued. Only when the 
peritoneum was opened was the extent of 
the abdominal mass appreciated. It ex- 
tended from behind the stomach into the 
left upper quadrant and almost filled the 
abdominal cavity. Marked venous engorge- 
ment was also demonstrable in the vessels 
of the lower abdomen. Bloody fluid (900 to 
1200 ml) was drained from the cyst. Pro- 
gressively, blood pressure rose from 60 torr 
systolic to 120/70 torr. Exploration of the 
abdomen revealed no other bleeding sites. 
The pancreatic pseudocyst was marsupial- 
ized to the posterior stomach wall and the 
abdomen was closed without incident. 


Neuromuscular block was antagonized 
with the IV administration of neostigmine 
(0.07 mg/kg) while simultaneously block- 
ing the muscarinic receptors with IV atro- 
pine (0.02 mg/kg). With endotracheal tube 
in place, the patient was transferred with 
continuous O, administration to the pedi- 
atric intensive care unit. Upon arrival, 
frothy pink fluid was suctioned from the air- 
way. Hematocrit was 66%; chest radiograph 
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was consistent with the diagnosis of pul- 
monary edema, aspiration pneumonitis, 
and/or “shock lung.” Subsequent therapy 
included controlled mechanical ventilation, 
phlebotomy (700 ml) to a hematocrit of 
40%, and furosemide (1 mg/kg), repeated 
twice (1 hour apart). Mechanical ventila- 
tion was maintained for 48 hours; weaning 
and extubation were without incident. The 
remaining portion of the hospital course was 
uneventful, with factor-VIII levels main- 
tained above 30%, during the postoperative 
period. 


DISCUSSION 

This patient’s persistent hypotension was 
treated vigorously with volume replacement. 
In face of an enlarging abdominal mass with 
hypotension in a hemophiliac, the most like- 
ly preoperative diagnoses were either a rup- 
tured spleen with intraabdominal hemor- 
rhage or bleeding from an intraabdominal 
complication of the VP shunt. Ideally, we 
would have awaited AHF levels before pro- 
ceeding with operation. However, the pa- 
tient’s cardiovascular status forced opera- 
tion without adequate preparation. 


Iatrogenic fluid overload resulted from the 
mistaken assumption of intraabdominal 
blood loss. Nevertheless, in retrospect, the 
volume therapy seems appropriate in view 
of the hypotension associated with increas- 
ing abdominal girth. Cardiac filling depend- 
ed upon our continuous fluid infusion by 
way of the superior vena cava; almost com- 
plete inferior vena cava obstruction pre- 
vented venous return. With surgical evacua- 
tion of the pancreatic pseudocyst, venous 
return from the inferior vena cava resumed 
and blood pressure promptly returned 
toward normal. With reentry of the admin- 
istered volume into the effective circulating 
blood volume and discontinuance of con- 
trolled mechanical ventilation, pulmonary 
edema ensued. 


Several possibilities exist to explain this 
edema. 'The most obvious is volume over- 
load; however, underlying aspiration pneu- 
monitis with damage to the alveolar epi- 
thelium could not be excluded. A significant 
probability exists that regurgitation with 
aspiration occurred before the patient's ar- 
rival in the operating room. Treatment 
of this possibility included controlled me- 
chanical ventilation with supplemental О,, 
but without corticosteroids or antibiotics. 
Tillotson and Finland? have shown that the 
prophylactic use of antibiotics following 
aspiration may be unwarranted, especially 
Since resistant superinfection is likely after 
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administration of antibacterial agents. Re- 
cently, Downs and associates! showed in 
dogs that the effects of hydrochloric acid- 
induced aspiration pneumonitis were un- 
altered by low, high, or multiple doses of 
methylprednisolone. 


Malfunction of the venous portion of the 
VP shunt, with subsequent compression of 
the catheter tip, was judged responsible for 
the right temporal fullness causing increased 
intracranial pressure (ICP). Prior to admis- 
sion, this led to fluctuating levels of con- 
Sciousness with seizures. In addition, in- 
creased ICP would be particularly impor- 
tant as an etiologic factor in producing pul- 
monary edema. The increased ICP occurred 
prior to the overload of blood and balanced 
salt solutions. 


Injuries to the central nervous system 
may be associated with the development of 
acute pulmonary edema even in the absence 
of overt left ventricular disease.*3 Cameron 
and De® produced edema in dogs by inject- 
ing fibrin into the 4th ventricle. Sarnoff and 
Sarnoff? confirmed these observations and 
showed that sympathectomy ameliorated 
the pulmonary liquid accumulation; hypo- 
thalamic lesions (hemorrhage, infectious, 
neoplastic, or traumatic) may be the criti- 
cal factor by causing adrenergic overactivity. 
This produces shifts in blood from the sys- 
temic to the pulmonary circulation, loss of 
left ventricular compliance, with left atrial 
and pulmonary capillary hypertension and 
subsequent edema.* Indeed, a variety of 
sympatholytic, antiepinephrine, or general 
anesthetic agents appear to relieve experi- 
mental neurogenic pulmonary edema. 


Grosfeld's group? reported a 24% inci- 
dence of intraabdominal complications (per- 
foration of the colon and bladder, intraab- 
dominal CSF cyst, and intestinal obstruc- 
tion due to volvulus) following VP shunt. 
Certainly these reported intraabdominal 
complications could not be ruled out pre- 
operatively. On the other hand, our diag- 
noses were further complicated by an under- 
lying hematologic disorder. 


The sex-linked genetic deficiency in he- 
mophilia is related to reduced AHF activ- 
ity.? With most methods, AHF levels in the 
normal population vary between 50 and. 
200%, but are constant in each individual if 
blood is drawn under the same circum- 
stances. In patients afflicted with severe 
hemophilia, the AHF level is almost invari- 
ably below 2%, but it may be as high as 
20% in mild cases.! Most investigators agree 
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that an AHF level of at least 30% of nor- 
mal must be achieved during operation, and 
that levels not lower than 15 to 30% be 
maintained constantly during the healing 
process.1? 


Our pediatric patient presented a prob- 
lem in repletion of factor VIII. 'The require- 
ment for very large amounts of fresh frozen 
plasma (FFP) during surgical management 
tends to induce severe hypervolemia. Orig- 
inally, FFP was administered to correct the 
supposed hypovolemia while simultaneously 
giving AHF. However, cryoprecipitate frac- 
tions obtained from FFP and allowed to 
thaw slowly may yield 50% of the original 
factor VIII. It is relatively easy to prepare, 
is obtainable from most blood banks, and 
obviates the potential hypervolemia from 
FFP. In our patient, postoperative AHF 
requirements were met with these concen- 
trates. 


Although this case presented a myriad of 
problems, encouraging results can now be 
obtained with increasing experience and the 
availability of fresh frozen plasma and AHF 
concentrates. With close cooperation among 
the anesthesiologist, surgeon, and blood 
bank, life-saving procedures can now be un- 
dertaken for acute or elective surgical pro- 
cedures in hemophiliacs. Nevertheless, one 
must be prepared to carefully monitor AHF 
levels and to maintain adequate dietary and 
metabolic care during the generally pro- 
tracted postoperative course. 
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An Unusual Complication of Lumbosacral 
Plexus Block: A Case Report 


STANLEY MURAVCHICK, PhD, MD* 
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St. Louis, Missouriz 


Lumbosacral plexus block is a valuable anes- 
thetic technic in the hands of an experienced 
anesthesiologist. However, as illustrated by 
this case report, anesthetic dosage must be 


HIS report describes an unusual compli- 

cation of an attempt to provide regional 
anesthesia by means of lumbosacral plexus 
block in an aged and debilitated patient. 


CASE REPORT 

An 89-year-old woman with an extensive 
history of systemic vascular disease was ad- 
mitted to the hospital for evaluation of 
pain, cellulitis, and ulcerations of the right 
foot. A femoral popliteal arterial bypass 
procedure had been performed on the right 
leg 4 years earlier for arterial insufficiency. 
In addition, the patient had a history of 
arterial hypertension, coronary artery dis- 
ease, and diabetes mellitus treated with oral 
hypoglycemic agents. An episode of acute 
congestive heart failure was reported, but 
cardiovascular status was now controlled by 
continuing therapy with furosemide. 


Physical examination revealed a thin 
woman, appearing of stated age, with appar- 
ently diminished hearing acuity. Vital signs 
at admission were recorded as weight, 50 
kg; blood pressure, 200/80 torr; pulse irreg- 
ular and approximately 80 bpm; respiration, 
16/min. Auscultation of the chest revealed 
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selected with great care, and patients unable 
to describe paresthesias should be excluded 
from use of this procedure. 


a few basilar rales. No cardiac murmur was 
described. Cellulitis and ulceration of the 
dorsal and medial surfaces of the right foot 
were noted. 'T'he rest of the examination was 
noncontributory. 


On the 3rd day of hospitalization, after 
evaluation of ECG, blood-chemistry studies, 
and arteriography, the patient had a right 
peroneal artery graft performed under spinal 
anesthesia. 'ТҺе graft subsequently failed, 
and an above-the-knee amputation of the 
leg was scheduled for the 7th hospital day. 
The patient was evaluated preoperatively 
as being of ASA physical status IV, and the 
anesthetic plan included a right lumbosacral 
plexus block without premedication. 


The evening before operation, the patient 
became very confused; after consideration 
of physical findings, arterial blood-gas evalu- 
ation, and diagnostic blood-chemistry stud- 
ies, it was felt that the patient had become 
toxic from gangrenous changes in her is- 
chemic extremity. Plans for operation the 
following morning were unchanged. 


The patient arrived at the operating room 
disoriented and intermittently somnolent. 
An IV fluid infusion was started and a 
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blood-pressure cuff and ECG leads were 
applied. Arterial blood pressure was 180/60 
torr, pulse rate 80 bpm, and respirations 
14/min. After left lateral decubitus posi- 
tioning, preparation of the skin, and drap- 
ing, the necessary anatomic landmarks of 
L,-L, interspace and posterosuperior iliac 
spine were easily identified. At the point of 
intersection of the lines drawn across these 
landmarks, a 22-gauge spinal needle was 
introduced slowly to a depth of approxi- 
mately 8 cm. At this point, the patient 
winced and then withdrew her right leg. 
Following demonstration of inability to as- 
pirate fluid, 30 ml of a 1% lidocaine solu- 
tion with 1:200,000 epinephrine was injected 
and the needle withdrawn. The sensory level 
of anesthesia was difficult to establish be- 
cause of the patient’s abnormal mental 
status. 


Within 10 minutes of injection, the pa- 
tient was unresponsive to verbal and sen- 
sory stimulation and then became apneic. 
She was immediately ventilated with 100% 
O, per face mask and oral airway; blood 
pressure was 95/55 torr and pulse rate 60 
bpm. 'The operative procedure was now be- 
gun. The ECG, showing sinus rhythm with 
occasional atrial premature contractions, 
was unchanged, and the pupils were in mid- 
position and not dilated. Thirty minutes 
after lidocaine injection, blood pressure had 
decreased to 80/40 torr, returning promptly 
to 100/50 torr following 25 mg of IV ephed- 
rine sulfate. Pulse rate showed only modest 
changes during both the initial fall in pres- 
sure and the response to ephedrine. 


Fifty-five minutes after injection, as the 
surgical procedure was being completed, the 
patient began to demonstrate weak but def- 
inite spontaneous respiratory efforts, and 
her pupils were central but widely dilated. 
The trachea was easily intubated without 
the use of muscle relaxants and she was 
transported to the recovery room. Ventila- 
tion was controlled until there was demon- 
stration of a clinically adequate tidal vol- 
ume, with apparent full return of muscle 
strength and marked improvement in alert- 
ness. The patient was then extubated and 
returned to her room. The remainder of the 
postoperative course was uneventful, and 
the patient was discharged on the 23rd hos- 
pital day. 


DISCUSSION 


Rapid, unexpected obtundation and re- 
spiratory paralysis were serious complica- 
tions of this regional anesthetic procedure. 
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The absence of focal or localizing neurolog- 
ic signs either intraoperatively or in the 
immediate postoperative period would make 
the possibility of an acute cerebrovascular 
accident remote. There had been no history 
or evidence of recurrent transient cerebral 
ischemic episodes. It was presumed, there- 
fore, that the complications were directly 
related to the anesthetic itself. 


The lumbosacral plexus block was per- 
formed using the technic of Winnie's group.! 
However, we reduced the recommended vol- 
ume of anesthetic agent, 40 ml, to 30 ml, 
in view of the patient's debilitated condition. 
Although we could not elicit a classic par- 
esthesia to document needle position, we did 
obtain a response from the patient which 
was thought to be a confirmation of correct 
position of the needle. 


Direct IV injection or rapid absorption 
of lidocaine from the injection site can pro- 
duce high plasma levels of the drug. Signs 
of systemic toxicity may include loss of 
consciousness without associated seizures or 
cardiovascular collapse,? but the gradual on- 
set and slow resolution of the alteration in 
consciousness suggest an alternative explan- 
ation. 


The time interval prior to the onset of 
diaphragmatic paralysis and the fairly rapid 
return of function suggest epidural spread 
of the injected anesthetic. An inadvertent 
subarachnoid injection would be expected 
to have produced apnea both earlier in onset 
and of longer duration than was observed. 
In addition, one would have expected rapid 
development of profound hypotension fol- 
lowing an extensive spinal anesthetic. With- 
in 10 minutes of administration of deliber- 
ate spinal anesthesia several days earlier, 
the patient's mean arterial blood pressure 
(MAP) fell to 44% of initial value. Multi- 
ple IV infusions of ephedrine sulfate were 
required over the subsequent 2-hour period 
to maintain blood pressure at acceptable 
levels. In contrast, the attempt at lumbo- 
sacral plexus block produced a slowly pro- 
gressive, mild hypotension: the minimum 
MAP, observed 30 minutes after anesthetic 
injection, was 70% of starting value. 


Epidural spread following plexus block 
anesthesia has been described previously,? 
but with regard to the brachial plexus. 
Shantha and Evans: have explained spinal 
and epidural-type blocks after peripheral 
nerve blocks by subpial, subperineural, and 
interperineural epithelial spread from the 
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periphery. In addition, Evans and cowork- 
ers? have described spread of local anes- 
thetic following a paravertebral sympathetic 
block procedure, producing epidural anes- 
thesia; they claim that this demonstrates 
extraneural communications between the 
paravertebral and epidural spaces. 


We believe that the generalized arterio- 
sclerotic disease of this patient contributed 
to the intensity and level of blockade. 
Bromage® has found that segmental anal- 
gesia in patients with occlusive vascular 
disease may spread 11% to 3 times further 
than in normal subjects. Certainly, when an 
epidural anesthetic is performed, reduced 
dosage of the agent is indicated in the elder- 
ly arteriosclerotic individual. 


The anesthetic injection in this patient 
was probably not directly into the epidural 
space, as the needle was 5 cm from the mid- 
line, but we cannot exclude this possibility; 
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with seepage of even a fraction of the total 
dose of anesthetic, an exaggerated block 
effect would be expected. 
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Prolonged Neuromuscular Blockade Associated 
with Trimethaphan: A Case Report 
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А case of prolonged neuromuscular blockade 
associated with the administration of trimeth- 
aphan to a neurosurgical patient aged 29 is 
believed to be the possible result of interaction 


HE concept of interaction between gan- 

glionic-blocking agents and neuromuscu- 
lar transmission is not new, although infre- 
quently encountered. The following case 
report serves as an example of such inter- 
action. 


REPORT OF A CASE 


A 29-year-old previously healthy man was 
admitted to the hospital following the sud- 
den onset of a bifrontal headache with brief 
lapses into unresponsiveness. Physical ex- 
amination revealed a lethargic, irritable 
man weighing 66 kg, with slight nuchal 
rigidity and no lateralizing signs. The results 
of a lumbar puncture showed an opening 
pressure of 500 mm H,O, with bloody cere- 
brospinal fluid (CSF). Angiography showed 
an aneurysm at the apex of the basilar artery 
and another at the left middle cerebral tri- 
furcation. Chest x-ray, ECG tracing, and 
SMA-12 were within normal limits. 


between trimethaphan, a ganglionic-blocking 
drug, and muscle relaxant. This possibility 
should be kept in mind when the administra- 
tion of trimethaphan is being considered. 


Eleven days after admission, the patient 
was brought to the operating room for liga- 
tion of his basilar aneurysm through a right 
temporal craniotomy. He was premedicated 
with pentobarbital (100 mg) and atropine 
(0.4 mg) IM, 1 hour before induction of 
anesthesia. Sleep was induced at 0730 hours 
with IV sodium thiopental (250 mg) and 
meperidine (30 mg). After pretreatment 
with d-tubocurarine (6 mg) IV, the patient 
was given succinylcholine (100 mg) to facil- 
itate intubation of the trachea, and a 9-mm 
cuffed endotracheal catheter was placed in 
the trachea without difficulty. The monitors 
chosen for this patient included a continuous 
ECG, a precordial stethoscope, and an eso- 
phageal temperature probe. A Doppler mon- 
itor was used for auscultation of blood pres- 
sure in the upper extremity, insertion of a 
Foley catheter allowed continuous observa- 
tion of urine output, and a spinal needle 
was placed in the subarachnoid space to 
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indicate the clarity and flow characteristics 
of the CSF. 


Between 0730 and 1000 hours, the patient 
was given incremental doses to a total of 
54 mg d-tubocurarine (dTc), 50 mg meperi- 
dine, and 450 mg sodium thiopental IV. He 
was ventilated with N.O-O. (67:33%) at 
a rate of 14 times/min, with a 750 ml tidal 
volume. Blood pressure had been reduced 
through the combined use of trimethaphan 
and halothane to 60/40 torr at 1025 hours. 
The lowest systolic blood pressure reached 
was 30 torr. The duration of the hypoten- 
sive period was 75 minutes. The trimetha- 
phan and halothane were discontinued at 
1135, following entrapment of the aneurysm, 
and the blood pressure returned to 110/40 
torr after 3 phenylephrine IV washes. Total 
dose of trimethaphan was 4500 mg during 
the 90-minute period of administration. 


'The patient had been allowed to cool to 
an esophageal temperature of 35 C, noted 
at 1130, but the temperature had risen to 
36° by 1230. Urine output during the pro- 
cedure was greater than 100 ml/hr, 100 ml 
being eliminated the 1st hour after discon- 
tinuing the trimethaphan. A total of 5000 
ml of fluid, including 2000 ml D/5 normal 
saline solution, with trimethaphan 2000 ml 
D/5 lactated Ringer's solution, and 1000 ml 
lactated Ringer's solution were administered 
during the procedure; no blood was admin- 
istered. At the conclusion of the operation 
at 1315 hours, the patient was given atro- 
pine (1.8 mg) and neostigmine (4 mg) and 
N-allyl oxymorphone (0.2 mg) IV. During 
the next 25 minutes, the patient remained 
apneic and was hypoventilated to allow an 
increase in Paco, to stimulate ventilation. 


However, he showed no demonstrable re- 
versal of neuromuscular blockade. There 
was no response to ulnar nerve stimulation 
by Block-Aid® monitor. Arterial blood with- 
drawn at 1340 hours revealed a significantly 
elevated Paco. and commensurately lowered 
pH, consistent with deliberate hypoventila- 
tion. More vigorous ventilation was insti- 
tuted and additional atropine (0.6 mg) and 
neostigmine (1.5 mg) was given IV. By 
1430, the patient was beginning to initiate 
gross movements of all extremities and was 
responsive to commands. 


He was taken to the recovery room at 
1500 hours, where ventilation was assisted 
with a Bennett respirator at an Ею» of 1. 
Arterial blood withdrawn in the recovery 
room revealed pH 7.45, Paco, 27, Pao, 454. 
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Within another 45 minutes, the patient was 
able to ventilate spontaneously and had a 
vital capacity of 1500 ml. At this time, he 
was extubated. The arterial blood was again 
sampled, after 10 minutes of O, adminis- 
tered by mask, and gave a Paco. of 33 and 
Рао, of 132, with a pH of 7.38. Serum Na’, 
К’, and CI- were within normal limits. The 
remainder of the postoperative course was 
uneventful. 


Approximately 3 weeks later the patient 
was again brought to the operating room for 
resection of the aneurysm involving his mid- 
dle cerebral artery. The anesthetic technics 
and agents used were essentially the same 
as for his previous operation, with the fol- 
lowing exceptions: 


(1) Total dose of dTe given in incre- 
ments over the first 2 hours was 69 mg. 


(2) Halothane was administered initially, 
beginning 2 hours after induction, for 110 
minutes, with blood pressure maintained at 
120/80 torr, at which time the trimethaphan 
drip was begun with immediate response to 
60/40 torr. Total dose of trimethaphan was 
35 mg over a 10-minute period. Upon dis- 
continuation of the halothane and trimeth- 
aphan, the blood pressure rose to 120/80 
torr without administration of a vasopressor. 
The neuromuscular junction was monitored 
frequently and post-tetanic facilitation was 
noted throughout the procedure. At the end 
of the operative procedure, which lasted 5 
hours and 50 minutes, the patient was initi- 
ating ventilation before the IV administra- 
tion of atropine (2 mg) and neostigmine 
(5 mg). The patient was extubated without 
difficulty and made an uneventful recovery. 
He was discharged from the hospital 10 
days after the second craniotomy. 


DISCUSSION 


The problem presented in the care of this 
patient involves the differential diagnosis 
of persistent postoperative neuromuscular 
blockade. Hypocarbia as a cause of post- 
operative apnea was ruled out early when 
the patient did not respond to hypoventila- 
tion carried to excess. Hypercarbia with 
acidosis is another cause of postoperative 
apnea; however, there is no reason to sus- 
pect that acidosis existed prior to deliberate 
hypoventilation. 'The induced acidosis may 
have, however, added to the already exist- 
ing problem. One would expect to find 
marked cerebral vasodilation and increased 
cerebral blood flow secondary to an acute 
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increase in Paco», as seen when the patient 
was deliberately hypoventilated. 


Hypothermia was not a problem. The pa- 
tient did not receive any of the drugs com- 
monly recognized to potentiate neuromus- 
cular blockade, such as antibiotics, procaine, 
quinidine, guanethidine, or cholinesterase 
inhibitors. Central depression secondary to 
barbiturate, narcotic, or halothane remains 
a possibility, as does edema of the brain- 
stem. The total dose of thiopental was not 
excessive. The concentration of halothane 
was 1.5% and its total duration of adminis- 
tration was 1 hour. Moreover, the patient 
had not received halothane for 90 minutes 
prior to the attempted reversal of neuromus- 
cular blockade. N-allyl-oxymorphone was 
given but the patient did not respond to the 
small dose (0.2 mg) given. An abnormality 
of pseudocholinesterase is unlikely on the 
basis of the patient's response to his second 
anesthetic. 


'There was no history of exposure to cho- 
linesterase inhibitors, but this possibility 
remains. The initial dose of neostigmine was 
somewhat less than the 0.07 mg/kg recom- 
mended by Churchill-Davidson, but one 
should still expect some degree of reversal 
with this dose, particularly since the last 
dose of dTc had been given some 210 min- 
utes before administration of the reversal 
drug. 


Another possibility is a neurologic (brain- 
stem) catastrophe, which can be ruled out 
on the basis that this patient finally respond- 
ed and was neurologically intact. Transient 
brainstem swelling cannot be ruled out. 
Serum Na’ and K before and immediately 
after operation were within normal limits. 
Serum Mg“ and ionized Са” were not 
measured. 


Reduced blood flow to tissues, especially 
muscle and kidney, during induced hypoten- 
sion could be expected to affect the kinetics 
of muscle relaxant distribution. With a fall 
in muscle perfusion, one would expect a 
delay in removal of displaced nondepolariz- 
ing relaxant drug from the neuromuscular 
junction, thereby prolonging the neuromus- 
cular block. In this patient, blood pressure 
was restored by several IV phenylephrine 
washes. Renal blood flow appeared ade- 
quate at all times because of the acceptable 
urinary output, but one cannot be sure of 
the total perfusion to the muscle mass. Thus, 
the effect of hypotension on redistribution 
of dTc could help to explain the observed 
prolonged neuromuscular blockade. How- 
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ever, there was a period of 90 minutes be- 
tween the restoration of blood pressure and 
the attempted reversal of the neuromuscular 
blockade, making a redistribution phenome- 
non an unlikely explanation. 


Finally, a not-so-commonly considered 
factor, and perhaps the etiologic mechanism 
in this patient, is the interaction between 
trimethaphan, a ganglionic-blocking drug, 
and the muscle relaxant used. 


As early as 1949, Randall and associates! 
noted the existence of muscle weakness in 
dogs treated with trimethaphan. The expla- 
nation proposed was associated hypotension 
rather than a true interaction of the drug 
with the neuromuscular junction. Later work 
by Pearcy and Wittenstein" showed pro- 
longed apnea in rats with administration of 
trimethaphan, but without severe depression 
of blood pressure. In 1957, Tewfik? noted 
prolongation of succinylcholine-induced ap- 
nea in patients treated with trimethaphan. 
He demonstrated in vitro that trimethaphan 
was a potent inhibitor of pseudocholines- 
terase and postulated that the drug was 
metabolized by pseudocholinesterase, in- 
ducing temporary inhibition. 


Pearcy and Wittenstein? attempted to 
test Tewfik's? postulate. Their interpretation 
was that trimethaphan was not destroyed 
by pseudocholinesterase to any substantial 
extent. In addition, in rats given large doses 
of trimethaphan (25 mg/kg), they observed 
brief periods of apnea resembling the apnea 
following muscle relaxation. 


Deacock and Davies, using a rat-dia- 
phragm model, observed in their preparation 
that “trimethaphan produced neuromuscu- 
lar block after 60 mg had been given, but 
only 20 mg was required after partial curar- 
ization,’ and that “neostigmine increased 
the degree of neuromuscular block in prep- 
arations recovering from trimethaphan." 


If trimethaphan (in vivo as well as in 
vitro) is a cholinesterase inhibitor, then in 
large doses as administered to the patient 
under consideration, one might observe an 
acetylcholine-induced block. One would ex- 
pect neostigmine to augment such a neuro- 
muscular inhibition. If trimethaphan is 
metabolized by serum pseudocholinesterase 
in man, perhaps one could observe substrate 
inhibition with very large doses. 'This prob- 
lem could be augmented by the administra- 
tion of neostigmine. Either of the above 
explanations is possible with respect to 
the persistent postoperative neuromuscular 
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blockade observed in this patient. Another 
possibility is a complex interaction at the 
neuromuscular junction between ganglion- 
blocking agents (like trimethaphan) and 
nondepolarizing muscle relaxants (such as 
dTc or pancuronium). Such an interaction 
has been demonstrated in the laboratory by 
Deacock and Davies.* 


'There appears to be a complex but well 
established interaction between the gangli- 
onic-blocking agents, trimethaphan, and 
neuromuscular blockade, at least when very 
large doses of trimethaphan are used. It 
would seem advisable to keep this inter- 
action and its possible consequences in mind 
when considering agents and technics of 
hypotensive anesthesia, and consider aban- 
doning trimethaphan and switching to an- 
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other hypotensive technic in patients who, 
seemingly refractory to the agent, require 
larger and larger doses to obtain the desired 
hypotensive effect. 
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Statistical Pearls. Il How Often Did That Happen? 


PATRICK D. HARRIS, PhD* 


To Musaccuia, the young internist and 
budding researcher, hurried to catch 
David Wiegman, who was considered to be 
the best at the numbers game. “David!” “Hi, 
Тот.” Dr. Musacchia proceeded to relate 
his problem. “Т have serum total cholester- 
ol on 110 male patients that I want to use 
as a control group for a lipid metabolism 
study. The mean is a little high, but ГЇЇ 
never be able to show any significant differ- 
ences with the range that I have in this 
control group." David thought for a mo- 
ment, and then, *Does your distribution 
look good?" 

"Distribution?" Tom asked. “I just as- 
sumed a normal curve." 


"Well, Tom, you have enough observa- 
tions to get at least a feel for the homogene- 
ity of your control group. You might have 
a large range because your control data are 
derived from more than one statistical popu- 
lation." 


Since Dr. Musacchia was not familiar 
with technics of looking at distributions, Dr. 
Wiegman described a simple, but reasonably 
accurate approach to the construction of a 
histogram.! Cholesterol had been measured 
to the nearest 1 mg/100 ml to give a mean 
value of 267 mg/100 ml, with a range of 145 
to 437 mg/100 ml. Since 8 to 15 class 
intervals of equal size are desirable for 
a histogram, an initial value of 140 mg/100 
ml and a class interval of 20 mg/100 
ml (437 — 145 = 292 mg/100 ml range; 
292/15 — 20 mg/100 ml for the interval 
size) were arbitrarily chosen. This gave 
class intervals of 140-159, 160-179, 180-199, 
200-219, 220-239, 240-259, 260-279, 280-299, 
300-319, 320-339, 340-359, 360-379, 380-399, 
400-419, and 420-439. 'The starting point 
of 140 mg/100 ml was selected so that the 
mean value for the data (267 mg/100 ml) 
fell close to the midpoint (269.5) of one of 
the class intervals (260-279). 


*Investigator, Dalton Research Center; Associate Professor of Physiology, University of Missouri School of 


Medicine, Columbia, Missouri 65201. 
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Following this choice of intervals, a fre- 
quency table was obtained by counting the 
number of cholesterol measurements that 
fell within each interval. Dr. Wiegman 
illustrated this procedure by noting that, of 
the total of 110 measurements, there was 
only one value (145 mg/100 ml) which fell 
in the 140-159 interval. 'Thus, the frequency 
was 1 for the 140-159 class interval. The 
measurements 160 and 171 mg/100 ml were 
the only values in the 160-179 class interval, 
so the frequency was 2 for that interval. 


Dr. Wiegman explained that a histogram 
is merely a vertical bar graph in which the 
width of each bar is the class interval and 
the height of each bar is the frequency for 
that interval. He also emphasized that it 
is easier to compare 2 histograms if the fre- 
quency for each class interval in a histo- 
gram is expressed as a percentage of the 
total number of measurements in that histo- 
gram. 


Dr. Musacchia obtained the frequency 
table, drew the bar graph, returned to Dr. 
Wiegman's office, and presented his chart 
(fig 1), remarking: “Well, I guess I have a 
normal distribution." After a minute of 
study, Dr. Wiegman commented: “This dis- 
tribution is fairly symmetrical, but I wonder 
about the shape. Most of the time, a ho- 
mogeneous group of data will have a mean 
that falls in, or next to, the class interval 
that has the highest frequency. In this dis- 
tribution, the highest frequency occurs for 
the class interval 220-239 while the mean 
(267) is located 2 class intervals away (in 
260-279). In addition, I would expect the 
frequency to decrease for the class intervals 
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Fic 1. Histogram for 110 measurements of serum 
total cholesterol. The numbers on the abscissa 
identify the lowest cholesterol value in each class 
interval. The left ordinate scale gives the height 
of each bar as the number of measurements which 
fell within each class interval. The right ordinate 
scale gives the height of each bar as the percentage 
of total measurements which fell in each class 
interval. 
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on either side of the mean. But, Tom, your 
data have 5 class intervals which have about 
the same frequency. This suggests a non- 
homogeneous group of data. I would rec- 
ommend that you go back to the raw meas- 
urements and try to divide them into at 
least 2 groups on the basis of some charac- 
teristic in the histories of these patients." 


Dr. Musacchia knew that a number of the 
patients in his control group had a history 
of myocardial infarction, but these patients 
were stable, with no significant weight 
changes and no special diets. Yet, it has 
been proposed that atherosclerosis in man 
is related to a disorder of lipid metabo- 
lism.?? So he classified his patients into 
those who had the attribute of a prior myo- 
cardial infarction? and those with the attri- 
bute of no history of myocardial infarction? 
He then obtained a frequency table and con- 
structed a histogram for each of these 2 
groups. 


“David, this is amazing! I want you to 
look at these distributions (fig 2) for pa- 
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Fic 2. Bottom panel: Histogram for measure- 
ments of serum total cholesterol from 55 patients 
who had no prior history of myocardial infarction. 
These data were derived from the statistical char- 
acteristics of the Harvard group in reference 2 and 
are contained in the histogram in figure 1. Top 
panel: Histogram for measurements of serum total 
cholesterol from 55 patients (ages 40-59) who had 
a previous history of myocardial infarction. 'These 
data were derived by adding 20 mg/100 ml to each 
of the values in the Appendix Table A in reference 
3. These data are also contained in the histogram 
in figure 1. 


Medical Statistics . . . 


tients with and without a prior history of 
myocardial infarction!” Dr. Wiegman stud- 
ied the graphs for only a brief moment. “I 
do believe you have something, Tom. In 
the noninfarcted group (fig 2, bottom pan- 
el), the mean is 245 and is very close to the 
interval (220-239) with the peak frequency. 
In the infarcted group (fig 2, top panel), the 
mean is 290 and is also close to the interval 
(300-319) with the peak frequency. In both 
histograms, there is a reasonably good de- 
crease in frequency for class intervals on 
each side of the peak frequency. The class 
interval 220-239 for the group of infarcted 
patients is somewhat unusual, but you 
would need more measurements before you 
could further subdivide this group of in- 
farcted patients. In general, one needs at 
least 8 class intervals and 40 observations 
to make a reasonable attempt to describe 
data by a histogram." 


“Thanks, David. It is now apparent that 
I should limit the control and experimental 
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groups in my lipid metabolism study to pa- 
tients without a history of myocardial in- 
farction. On the other hand, I could also 
have control and experimental groups of 
patients who have previously infarcted. 
'Their lipid metabolism might be consider- 
ably different in comparison to noninfarcted 
patients." 


“Just think, Tom, this point was almost 
missed because you calculated a mean and 
range as the first step in looking at your 
data." Tom thought for a moment. “David, 
I sure didn't mean to do that." 
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The Effect of Enflurane, Isoflurane, Fluroxene, Methoxyflurane 
and Diethyl Ether Anesthesia on Ouabain Tolerance in the Dog 


ANTHONY D. IVANKOVICH, MD* 
DAVID J. MILETICH, PhD1 
RONALD K. GROSSMAN, MD# 
RONALD F. ALBRECHT, MDS 
ADEL A. EL-ETR, МО! 
VINCENT J. CAIROLI, PhD** 


Digitalis tolerance in dogs anesthetized with 
enflurane, isoflurane, fluroxene, methoxyflu- 
rane, and diethyl ether was compared with that 
in dogs anesthetized with pentobarbital. Oua- 
bain dosage needed to cause ventricular tachy- 
cardia was significantly higher than that of 
pentobarbital with all agents except fluroxene, 


HE effect of anesthetic agents on digi- 

talis tolerance is of considerable practi- 
cal as well as theoretic interest, especially 
with a burgeoning geriatric population cal- 
culated to increase the incidence of digi- 
talized surgical patients. Since the thera- 
peutic index for digitalis glycosides is quite 
small, knowledge concerning digitalis-anes- 
thetic interactions is imperative in selecting 
safe, effective drug combinations.!.? 


Previous investigators have demonstrated 
digitalis toxicity to be reduced by epidural? 
or systemic lidocaine,‘ halothane, and 
methoxyflurane, increased by cyclopro- 


as was the 1.0. The relative potency of these 
anesthetics in converting ouabain-induced ven- 
tricular tachycardia to sinus rhythm, in order 
of descending effectiveness, was: diethyl ether, 
methoxyflurane, enflurane, fluroxene, isoflu- 
rane, pentobarbital. 


рапе,> and unchanged by barbiturates.?.? In 
1971 and subsequently, we reported that 
ketamine and neuroleptanesthesia increased 
tolerance to digitalis-induced arrhythmias.*:? 
This report extends information on the 
digitalis-anesthetic interaction for some 
standard and experimental anesthetic agents. 


METHODS 


Two series of experiments were performed 
on 120 unpremedicated dogs, each weighing 
between 15 to 20 kg. In the first series, 60 
dogs were divided into 6 equal groups, ac- 
cording to the anesthetic employed: (1) 
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pentobarbital (control), (2) fluroxene, (3) 
isoflurane, (4) methoxyflurane, (5) enflu- 
rane, and (6) diethyl ether, and digitalis 
tolerance was determined by ascertaining 
the ouabain dosage required to produce ven- 
tricular tachycardia (УТ) and death. 


After achieving satisfactory anesthesia 
using a face mask for the inhalational anes- 
thetics, or an induction dose of 35 mg/kg 
IV for pentobarbital, the animals were in- 
tubated endotracheally with a cuffed tube 
and respiration was controlled by a Harvard 
respiratory pump using 100% О,. The fem- 
oral artery was cannulated to monitor arte- 
rial blood pressure, and. a femoral vein was 
cannulated for ouabain infusions. In pento- 
barbital-anesthetized dogs, both femoral 
veins were cannulated, one for continuous 
administration of ouabain and the other for 
intermittent administration of pentobarbital. 
An ECG (lead II) and arterial blood pres- 
sure were continuously displayed, and trac- 
ings were recorded as appropriate. Heart 
rate was determined from the ECG record. 
Arterial blood gases were measured periodi- 
cally, and arterial concentrations of the an- 
esthetic agents were analyzed by flame ion- 
ization detector.!? Ventilation was adjusted 
to maintain Paco. at approximately 35 torr, 
and any base deficit in excess of 5 mEq/L 
was corrected with NaHCO,. Temperature 
was maintained between 37 and 39 С. 


Ouabain was administered by constant- 
infusion pump at a rate of 35 mcg/kg/hr. 
The cumulative dose of ouabain required 
to produce VT (3 or more consecutive pre- 
mature ventricular contractions) and death 
was determined for each animal and then 


mcg/kg 
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averaged for each group. Results were ana- 
lyzed for statistical significance by fixed 
analysis of variance within each group. 


In the second series, 60 animals were an- 
esthetized with pentobarbital, intubated, 
ventilated with 100% О», and managed 
exactly as were the dogs in the pentobarbi- 
tal group in the first part of the study. Ven- 
tricular tachycardia was induced by con- 
tinuous infusion of ouabain (35 mcg/kg/ 
hr). About 3 minutes after the onset of VT, 
either 150 mg of pentobarbital was given 
IV or 5 to 7% of enflurane or isoflurane, 8 
to 10%, fluroxene, 2 to 395 methoxyflurane, 
or 15 to 2595 of diethyl ether was intro- 
duced into the anesthetic system. The oua- 
bain infusion was continued during these 
maneuvers. Immediately following conver- 
sion of VT to sinus rhythm, arterial blood 
was withdrawn for the estimation of blood 
gases and anesthetic blood levels. 


RESULTS 


1. Ventricular Tachycardia (fig 1).—The 
mean dose of ouabain (in meg/kg) required 
to produce VT in dogs anesthetized with 
pentobarbital was 53.4; with fluroxene, 60.1; 
with isoflurane, 69.4; with methoxyflurane, 
81.3; with diethyl ether, 90.4; and with en- 
flurane, 92.8. The ouabain dosage for the 
last 4 anesthetics was significantly higher 
than that for pentobarbital (p<0.01 to 
0.005). The difference in dosage between 
fluroxene and pentobarbital was not statis- 
tically significant. 


2. Mean Lethal Dose (MLD) (fig 2) .— 
The MLD of ouabain (in meg/kg) in dogs 
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Fic 1. Average doses of ouabain required to produce ventricular tachycardia (VT) in dogs anesthetized 
with agents studied. Each value represents mean and SD of 10 experiments. 
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Fic 2. Average lethal doses of ouabain in dogs anesthetized with agents studied. Each value represents 


mean and SD of 10 experiments. 
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Fic 3. Average heart rates and MAP during cuabain infusion. Control values were calculated just before 
ouabain administration and prearrhythmia values were determined immediately before appearance of VT. 


Each value represents mean of 10 experiments. 


anesthetized with pentobarbital was 95.2; 
with fluroxene, 108; with isoflurane, 127.5; 
with methoxyflurane, 128.9; with diethyl 
ether, 145.1; and with enflurane, 156.4. The 
dosage for isoflurane, methoxyflurane, di- 
ethyl ether, and enflurane was significantly 
higher than for pentobarbital. 


The difference in dosage between flurox- 
ene and pentobarbital again was not statis- 
tically significant. Death in pentobarbital- 
anesthetized animals was almost always due 
to ventricular fibrillation, while dogs anes- 
thetized with the other agents invariably 
died in cardiac asystole. 


3. Mean Heart Rate and Blood Pressure 
Values (fig 3).—Control values for heart 


rate and blood pressure were taken before 
the ouabain infusion was started, and pre- 
arrhythmia values were determined just be- 
fore the appearance of premature ventricu- 
lar contractions. Both control and prear- 
rhythmia mean blood pressures and heart 
rates were lower for isoflurane, methoxyflu- 
rane, enflurane, and diethyl ether than for 
pentobarbital or fluroxene. These param- 
eters did not change significantly during 
digitalization in any of the groups. 


4. Effects of Anesthetic Agents on Oua- 
bain-Induced VT (fig 4) —Since previous 
studies? indicated that 5 minutes or less 
after the onset of VT was an optimal time 
to administer agents for conversion of VT 
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Fic 4. Percentage of dogs converted to sinus rhythm by each anesthetic, subsequent to an initial 3-minute 
oaubain-induced VT. Each value is based on 10 dogs per anesthetic agent. 


to sinus rhythm, the 6 agents under study 
were administered 3 minutes after the onset 
of V'T, and the ouabain infusion was con- 
tinued. The intervention of the anesthetics 
resulted in the following conversions of VT 
to sinus rhythm: diethyl ether, 10/10 dogs; 
methoxyflurane, 9/10; enflurane and flurox- 
ene, 8/10; isoflurane, 7/10; and pentobarbi- 
tal, 2/10. The average time from the admin- 
istration of the anesthetic until conversion 
was approximately 1 minute for diethyl 
ether, and between 3 and 4 minutes for the 
other general anesthetics. The mean arterial 
blood concentration following conversion of 


mm/Hg 


VT to sinus rhythm (in mg %) was 25.5 
for diethyl ether; 8.3 for methoxyflurane; 
7.9 for enflurane; 12.3 for fluroxene; and 6.9 
for isoflurane. These experiments were ter- 
minated shortly after conversion of УТ to 
sinus rhythm was established. 


Mean blood pressures before and after 
conversion of УТ to sinus rhythm are shown 
in figure 5. On a percentage basis, the 
smallest decrease in blood pressure (9%) 
was seen following conversion with pento- 
barbital and with diethyl ether. Pentobarbi- 
tal was least effective and diethyl ether most 
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POST - CONVERSION 


Fic 5. Mean blood pressure levels recorded before and after conversion of oaubain-induced VT to sinus 
rhythm. Preconversion values were recorded during pentobarbital anesthesia and represent the average 
during 3 minutes of ouabain-induced V'T. Postconversion values were recorded immediately after conver- 
sion to sinus rhythm. Each value represents the mean for only those dogs successfully converted. 
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effective in converting УТ to sinus rhythm, 
suggesting that decreased blood pressure 
was not the sole factor in УТ conversion. 


DISCUSSION 

At full digitalization, a patient will have 
received more than 60%, of the toxic dose, 
while at the onset of toxicity, he will have 
received as much as 50% of the lethal dose. 
Given this narrow margin of safety between 
the full therapeutic, toxic, and lethal doses, 
any modification of digitalis action, particu- 
larly by drug interactions, can easily result 
in under- or overdigitalization. As previous- 
ly reported,!! a number of diverse factors 
possess this capability: drugs, electrolyte 
disturbances, autonomic nerve function, hy- 
poxia, changes in blood pH, and body tem- 
perature, among others. 


Morrow was one of the first to demon- 
strate that anesthetic agents significantly 
modify the effects of digitalis glycosides 
(ouabain, digoxin). He reported that toler- 
ance to digitalis toxicity was increased by 
halothane, decreased by cyclopropane, and 
unchanged by pentobarbital, with no effect 
on the therapeutic positive-inotropic re- 
sponse." The clinical importance of this 
subtle phenomenon for the anesthesiologist 
pertains to both digitalized and undigital- 
ized patients. If an anesthetic increases tol- 
erance to digitalis, a fully digitalized patient 
becoming underdigitalized during anesthesia 
may develop heart failure, while in a fully 
digitalized patient anesthetized with agents 
which decrease tolerance to digitalis, ar- 
rhythmias and other signs of digitalis tox- 
icity might appear during the anesthetic 
period. Also, if a previously undigitalized 
patient develops heart failure during anes- 
thesia, more digitalis might be needed to 
achieve a therapeutic effect, were the pa- 
tient anesthetized with an agent that in- 
creases tolerance to digitalis. Following 
emergence from anesthesia, when the pro- 
tective effect of the anesthetic is lost, this 
patient might develop digitalis intoxication. 


The present study shows that diethyl 
ether, methoxyflurane, enflurane, and iso- 
flurane increased tolerance to digitalis tox- 
icity when administered before ouabain in- 
fusion and restored sinus rhythm when ad- 
ministered acutely during ouabain-induced 
V'T. However, while pretreatment with flu- 
roxene did not affect myocardial sensitivity 
to ouabain toxicity, when fluroxene was ad- 
ministered acutely during ouabain-induced 
УТ, it successfully converted 8/10 dogs to 
sinus rhythm. These results emphasize that 
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in cases of digitalis toxicity, a drug useful 
for therapy may not necessarily be the drug 
of choice for prophylaxis. 


Halothane and methoxyflurane have been 
reported to produce a dose-dependent in- 
crease in the atrioventricular functional re- 
fractory period, independent of autonomic 
nervous-system activity. In addition, there 
is evidence that halothane decreases intrin- 
sic ventricular automaticity:halothane de- 
pressed ventricular escape pacemaker activ- 
ity during vagal stimulation before and 
after ouabain-induced VT,!? and suppressed 
spontaneous phase-4 depolarization in Pur- 
kinje fibers in vitro.!? Thus, halothane and 
methoxyflurane possess characteristic in- 
trinsic, antiarrhythmic properties which 
could explain the increased tolerance to 
ouabain toxicity, as well as the reversal of 
ouabain-induced VT, observed in this study. 


The sympathetic nervous system is stimu- 
lated by digitalis at all levels, from central 
to peripheral sites, and is believed to be 
involved in the genesis of digitalis-induced 
ventricular arrhythmias.!* Thus, anesthet- 
ics such as cyclopropane, which enhance 
sympathetic activity, also increase digitalis 
toxicity. Conversely, there is evidence that 
halothane!’ and isoflurane!’ decrease sym- 
pathetic nervous activity which may con- 
tribute to the increased tolerance to digitalis 
toxicity conferred by these agents. 


It has been reported!7 that an increase 
in blood pressure decreases the threshold 
for the genesis of arrhythmias, perhaps due 
to the related augmentation of sympathetic 
nervous activity, or an increased cardiac 
afterload. Consequently, the decrease in 
blood pressure produced by the more effec- 
tive inhalational anesthetics in this study 
may be an ancillary factor in further pro- 
tecting against digitalis toxicity. 


Heart rate is known to influence both the 
therapeutic and toxic actions of digitalis, 
presumably mediated via ion-exchange 
mechanisms involving calcium and potas- 
sium.!5 An increase in heart rate has been 
shown to increase K* efflux, with a con- 
comitant decrease in myocardial K*, con- 
sidered a major mechanism of digitalis tox- 
icity.!? Thus, there is an inverse relation- 
ship between heart rate and the toxic or 
lethal dose of ouabain.?? However, as this 
phenomenon appears to be more important 
at higher heart rates,!5 the decrease in such 
rates produced by anesthetic agents is prob- 
ably a minor factor in their protective action 
against digitalis toxicity. 


Ouabain Tolerance . . . Ivankovich, et al 


Another possibility for an antiarrhythmic 
property has been revealed by recent studies 
with 42K exploration of the effects of anes- 
thetics on K* movements.* Preliminary data 
indicate that halothane and methoxyflurane 
decrease K* efflux, preventing the intracel- 
lular loss of this ion. Thus, these inhalation- 
al anesthetics may stabilize excitable mem- 
branes and exert an antiarrhythmic action 
similar to that of local anesthetics. 


*Ivankovich, AD: Unpublished data, 1972. 
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Thoughts About Medical Writing 
XXXV. "Let's Call It Hebetization" 


Dear Tom: 


АП inventions seem to have at least one 
thing in common. Each needs a name. With- 
out a name, it can't be talked about. 


When Morton finally convinced the medi- 
cal Brahmins of Boston that “Letheon” 
worked—by convincing a distinguished 
group of surgeons at the Massachusetts 
General Hospital—they were all promptly 
put in need of a proper descriptive name. 
Morton’s own “Letheon” raised problems at 
once—it was a trade name and he sought a 
patent, a most unmannerly thing to do. Be- 
sides, several of the surgeons knew perfectly 
well that the active agent, or one of the 
active agents, was ether. Its odor is distinc- 
tive and was well known even then. 


Many names were suggested during the 
first few months after October 16, 1846. 
One of these was hebetization.! I don't know 
who contributed this name. But think on it. 
You might have become a hebetiziologist 
and an editor for the journal Hebetization 
and Analgesia . . . Current Researches. 
Even so, I don't suppose it would have 
changed your life. The name is not the 
thing. 


Nevertheless, we don't talk about hebetiz- 
ing a patient. How did "anesthesia" and its 


various congeners come to be accepted? 
Holmes, you say? 


Probably every anesthesiologist and anes- 
thetist knows the name of Oliver Wendell 
Holmes. It was, after all, that great Bos- 
tonian who has received credit for recom- 
mending the use of the word “anaesthesia” 
to describe the state of insensibility follow- 
ing the inhalation of ether. But is the 
credit deserved? 


Authorities differ. That epitome of his- 
torical linguistic authority, the Oxford 
English Dictionary, does not mention 
Holmes. "Anaesthesia" (following the Brit- 
ish spelling) has been traced to 1721, when 
Bailey used the word to describe a defect 
of sensation, as in “Paralytic and blasted 
Persons."? ТҺе ОЕР then gives an 1848 
authority for a totally modern use of the 
word—and cites Sir J. Y. Simpson, writing 
in the Pharmacological Journal: “The state 
of anaesthesia lasted for two or three min- 
utes." “Anaesthetic,” in all but one of its 
several meanings, is also credited to the 
dour Scot, as is “anaesthetize.” 


Where is Oliver Wendell Holmes in all 
this? How did Simpson steal all the glory? 
Is there a chauvinistic plot by the compilers 
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of the OED to keep the credit, if not in 
England, at least in the British Isles? 


Not really. The OED is based on pub- 
lished—and therefore traceable and verifi- 
able—sources. Holmes' contribution seems 
to have been made in the form of a letter 
to W. T. G. Morton, written on November 
21, 1846,? but apparently not published till 
1859.4 Holmes wrote: 


My Dear Sir, —Everybody wants to have a hand in 
a great discovery. All I will do is to give you a 
hint or two, as to names, or the name, to be 
applied to the state produced and the agent. 


The state should, I think. be called “Anaes- 
thesia." This signifies insensibility, more particularly 
(as used by Linnaeus and Cullen) to objects of 
touch. (See Good—Nosology, p. 259). The adjective 
will be “Anaesthetic.” Thus we might say, the state 
of anaesthesia, or the anaesthetic state. The means 
employed would be properly called the anti-aesthetic 
agent. Perhaps it might be allowable to say anaes- 
thetic agent, but this admits of question. 

'The words, antineuric, aneuric, neuro-leptic, neuro- 
lepsia, neuro-etasis, etc., seem too anatomical; 
whereas the change is a physiological one. I throw 
them out for consideration. 


I would have a name pretty soon, and consult 
some accomplished scholar, such as President 
Everett or Dr. Bigelow, senior, before fixing upon 
the terms, which will be repeated by the tongues 
of every civilized race of mankind. You could 
mention these words which I suggest for their con- 
sideration; but there may be others more appro- 
priate and agreeable. 

Yours, respectfully, 


O. W. Holmes 


As his letter shows plainly, Holmes knew 
that he was suggesting, in “anaesthesia,” a 
word already known to medicine. He pro- 
posed an enlargement in the definition of 
the word, which still is used both to indicate 
insensibility of touch and to identify the 
process of general anesthesia. A modern 
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analogy to this method of naming might be 
the application of “memory” to the guiding 
principle of genetic replication. A well- 
known and commonly used word has been 
broadened in a clearly defined way. This 
flexibility is a strength of English—so long 
as definitions are well stated and equally 
well understood. 


And Holmes’ role? It would seem to have 
been less inventive than common mythology 
would have it, but seminal all the same. And 
so, even though all this talk of words might 
conceivably have anesthetized you, it didn't 
hebetize you. 


Regards, 


[Charles G. Roland, M.D.] 
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An Evaluation of Memory Under Regional Anesthesia 
with IV Lorazepam as a Premedicant 


HARVEY A. TAUB, PhD* 
LOUIS EISENBERG, MD} 


Syracuse, New York 


Forty male volunteer patients undergoing re- 
gional anesthesia were evaluated for alertness 
and memory in a double-blind study which 
compared IV lorazepamt (4 mg) plus IM 
meperidine (50 mg) with IV placebo plus IM 
meperidine (50 mg) as premedicants. The data 
indicate no significant retrograde effects. Sig- 
nificant differences at all measurement points 
from 20 minutes to 3 hours following IV drug 
administration indicated greater sedation and 


IN хо» reports have called attention 

to the desirability of having a pre- 
medicant that not only provides sedation 
but also reduces or eliminates recall of the 
surgical experience. The effects upon 
memory of the benzodiazepine tranquilizer, 
diazepam, are well documented, with maxi- 
mum effects lasting for up to 20 to 30 min- 
utes after IV administration.?.5.5 


Recent studies suggest that a new benzo- 
diazepine derivative, lorazepam, may be a 
more potent sedative and have longer-last- 
ing effects upon memory than diazepam. 
The present experiment was designed to 
provide an extensive evaluation of memory 
following IV lorazepam premedication for 
regional anesthesia. Lorazepam and meperi- 
dine were compared with placebo plus me- 
peridine in a double-blind evaluation. Stim- 





iAtivan*: Wyeth Laboratories, Division of Amer- 
ican Home Products Corporation. 


less recall and recognition of events and stim- 
uli (auditory and visual) with the combination 
of lorazepam and meperidine than with placebo 
and meperidine. A significant number of pa- 
tients over age 40 were judged to be excessive- 
ly sedated after administration of lorazepam. 
However, respiration, blood pressure, and pulse 
did not appear to be differentially affected by 
lorazepam and there were no adverse changes 
even in patients considered to be oversedated. 


uli were presented before, during, and after 
the operative procedure, and memory for 
these materials was evaluated on the fol- 
lowing day. 


METHOD 


Patient Selection and Anesthetic Proce- 
dures.—Forty male volunteers, scheduled to 
have regional anesthesia for elective sur- 
gery, and who met the criteria of having no 
psychiatric disorders, sensitivity to benzo- 
diazepines or to the glycol base of the drug, 
or severe visual or auditory impairments, 
gave written informed consent for participa- 
tion in the study. 


All patients received 50 mg of meperidine 
and 0.4 mg of atropine IM in their hospital 
room approximately 1 hour before their 
operation and were then brought to a hold- 
ing area (recovery room) where they re- 
ceived the test drug IV. Approximately 20 
minutes after IV administration, they were 


*Psychology Service, Veterans Administration Hospital; Department of Psychiatry, State University of 
New York, Upstate Medical Center, Syracuse, New York 13210. 
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taken into the operating room. For half the 
patients, the IV test drug consisted of 4 mg 
of lorazepam in a glycol base, while the rest 
received a placebo (glycol base only). The 
use of identical syringes and prearranged 
random orders permitted a double-blind 
procedure so that neither the physicians nor 
the patient knew whether lorazepam or 
placebo had been administered. Each iden- 
tical 2 ml syringe was prepackaged to be 
half full of lorazepam or placebo and was 
diluted with an equal volume of saline solu- 
tion prior to use. 


Analysis of patient characteristics and 
surgical procedures after the code was brok- 
en indicated that the random and blind as- 
signments produced groups that were equat- 
ed. There were no differences in age or 
weight (table 1), type of operative proce- 
dures (table 2), or length of operations 
(89.6 min for lorazepam versus 91.7 min 
for placebo). Physical status was similar, 
and in both groups approximately 50% of 
the patients were in each of the ASA ratings 
of I and II. Seventeen patients (8575) in 
each group underwent surgery with spinal 
anesthesia, the rest receiving either an epi- 
dural (n=2) or an IV block (n=1). 


One patient in the placebo group was ex- 
cluded from further participation in the 
study, since a proper level of spinal anes- 
thesia could not be attained and general 
anesthesia had to be administered. Thus, 
the placebo group was reduced to 19 for the 
remainder of the study. Two additional 


TABLE 1 
Age and Weight of Volunteer Patients 








Lorazepam Placebo 
Mean Range Mean Range 
Age 40.6 23-63 40.0 23-65 
Weightkg 78.8 60.8-90.7 74.4 47.6-96.6 
TABLE 2 


Surgical Procedures Performed 


lorazepam Placebo 





Inguinal hernia 4 3 


Pilonidal cystectomy 2 4 
Orthopedic 6 5 
Rectal 4 1 
Urologic 1 4 
Superficial extremity procedures 8 3 
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placebo patients received supplementary 
meperidine (40 mg), N.O (70%), and 
either halothane (n=1) or methoxyflurane 
(n=1) near the middle or end of the sur- 
gical procedure. The data for these patients 
have been included, since these additional 
anesthetics were administered after the sur- 
gical portion of the memory stimuli were 
presented and since they did not appear to 
affect the scores. 


MEMORY TESTING PROCEDURES 


Stimuli.—Both visual and auditory stim- 
uli were used. The visual stimulus was a 
10 x 25-cm picture of a dollar bill. The 
auditory stimuli consisted of 3 different 
word-pairs (eg, furniture—chair) and 3 dif- 
ferent sounds (eg, a fire engine) which were 
taped in an alternating pattern starting with 
a word-pair (stimulus 1) and ending with 
a sound (stimulus 6). To reduce the possi- 
bility of bias from specific stimuli, 2 com- 
pletely different tapes were constructed. 


Both stimulus tapes contained a 1-min- 
ute volume adjustment section ("testing, 1, 
2, 3") which preceded the 6 alternating 
word-pairs and sounds. Each stimulus pre- 
sentation period was also approximately 1 
minute long. For any particular word-pair 
presentation, the stimulus was first identi- 
fied and then was repeated 3 times. For 
each sound presentation, the stimulus was 
identified 4 times by name and then played 
for 20 seconds. After each stimulus, the pa- 
tient was requested to repeat aloud the 
words or to name the sound, to demonstrate 
that he heard the material. 


Each stimulus was used to evaluate mem- 
ory during a different portion of the surgi- 
cal experience. Stimulus 1 evaluated possi- 
ble retrograde effects and was presented 
approximately 3 minutes before adminis- 
tration of the IV test drug. Stimuli 2-5 were 
presented in the operating room and were 
designed to evaluate memory during the 
first 90 minutes after administration of the 
test drug. They were presented at succes- 
sive 20 to 25-minute intervals: stimulus 2, 
before administration of the regional anes- 
thetic; stimulus 3 before incision; stimuli 4 
and 5 during the early portions of the sur- 
gical procedure. Stimulus 6 evaluated mem- 
ory after completion of the operation and 
was presented when the patient was ready 
to be dismissed from the recovery room. 
'The visual card was shown immediately be- 
fore stimulus 2. Table 3 shows actual mean 
time relative to the test drug that the stim- 
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uli were presented to each of the groups. 
Analyses of variance revealed no statisti- 
cally significant differences in these times. 


Instructions and Procedures.—Following 
the preanesthetic examination, volunteers 
were interviewed and given instructions by 
a research technician (experimenter 1). All 
were informed about the type of stimuli 
they might receive and instructed to try to 
remember as much as possible about the 
surgical events. 


On the day of operation, a second research 
technician (experimenter 2) met the patient 
in the holding area, provided further in- 
structions, placed the earphones, established 
a comfortable volume level, presented both 
the visual and auditory stimuli at the ap- 
propriate times, rated the patient for alert- 
ness at each stimulus presentation, and in- 
terviewed him on leaving the recovery room. 
Alertness at each stimulus presentation was 
rated on a 5-point scale, with the following 
descriptive range: 


1. Highly alert 
Alert 
Drowsy 
Light sleep 


л ж wn 


Deep sleep 


Experimenter 1, without knowledge of 
tape assignments or alertness ratings, inter- 
viewed each patient approximately 24 hours 
after the operation. The interview included 
standard questions about surgical and re- 
covery room events, a patient rating of the 
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test drug, and measurement of recall and 
recognition of visual and auditory stimuli. 
For visual recognition, the dollar bill was 
presented along with 7 other familiar pic- 
tures (eg, postage stamps) ; for the auditory 
task, recognition was evaluated using a com- 
posite tape which, for each patient, con- 
sisted of the stimuli intermixed with 6 addi- 
tional word pairs and 6 additional sounds. 
In both cases, the patient was asked to in- 
dicate if he recognized any of the stimuli 
as having been presented on the day of 
operation. 


RESULTS 

The frequency of yes (recall, recognition) 
and no (no recall, no recognition) responses 
of the 2 groups was compared by chi-square 
analysis. Summary of the recall and recog- 
nition data (table 3) indicates that both 
groups performed at a high level and did 
not differ in their memory of stimulus 1. 
Since this stimulus was presented before 
the test drug, the lack of difference suggests 
that lorazepam did not have a retrograde 
effect upon memory. All other group com- 
parisons of recall and recognition, except 
one, achieved statistical significance, indi- 
cating that lorazepam affected memory with- 
in 20 minutes after IV administration and 
that, in general, this effect persisted through- 
out the total measurement period of more 
than 3 hours. Although there were some dif- 
ferences in actual scores, these findings were 
consistent for both the visual (dollar bill) 
and auditory (stimulus 2) stimuli, suggest- 
ing that the loss occurred with both modali- 
ties. 


TABLE 3 


Mean Time of Stimuli Relative to Test Drug (IV) and Percentage of Patients 
in the Lorazepam (n — 20) and Placebo (n — 19) Groups that Recalled 
and Recognized Each Stimulus 














Stimulus Time, min Recall, % Recognition, % 

Number Type Related events lorazepam Placebo Lorazepam Placebo Lorazepam Placebo 
1 Words Predrug —2.7 —3.3 90 89 95 100 
— — IV drug 0 0 — — — — 

— Picture Prespinal 23.8 28.3 15 74* 25 100* 

2 Sound Prespinal 23.8 28.3 0 84* 50 100* 

3 Words Preincision 47.7 53.1 0 32+ 10 89* 

4 Sound Intraoperative 67.7 72.6 0 68* 30 89* 

5 Words Intraoperative 86.5 92.9 10 42 15 100* 

6 Sound Leaving recovery room 217.3 190.4 15 68* 20 89* 





*Difference between lorazepam and placebo groups significant at p 0.01. 
Difference between lorazepam and placebo groups significant at p- 0.05. 
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'Table 3 also illustrates that estimates of 
memory may vary as a function of both the 
type of stimuli and type of measurement. 
Recall, especially of words, was less reli- 
able than recognition and may be a poorer 
estimate of memory in the complex surgical 
situation where even the placebo patient 
may be distracted by other, more relevant, 
events. In addition, the recognition scores 
appeared to be similar to those obtained for 
memory of relevant events (eg, entering 
OR, testing anesthesia with a needle, leav- 
ing recovery room). There were significant 
group differences in all chi-square compari- 
sons (df=1) of memory for relevant oper- 
ating-room events, with 89 to 100% of the 
placebo patients having a recall of these 
events as compared to only 28 to 50% of the 
lorazepam patients. Again, these differences 
persisted until the patient left the recovery 
room. 


'The effects obtained with alertness rat- 
ings were similar to those exhibited for 
memory. 'There were no group differences in 
the holding area (stimulus 1) before admin- 
istration of the test drug, and patients gen- 
erally were awake and lightly sedated 
(х= 1.9 for lorazepam and 1.7 for placebo). 
While ratings were not taken between stim- 
uli 1 and 2, observation of patients suggests 
that the sedative effect of lorazepam began 
almost immediately after IV administration 
and that many were drowsy or fell asleep 
within 5 to 10 minutes. 


Highly significant group differences were 
found for all measurements after adminis- 
tration of the test drug (p 0.01), beginning 
in the operating room with stimulus 2 
(x=3.3 for lorazepam and 1.8 for placebo) 
and continuing through recovery with stim- 
ulus 6 (x=2.6 for lorazepam and 1.5 for 
placebo). During the interval from stimulus 
2-5, 70 to 80% of the lorazepam patients 
were drowsy (rating 3) or asleep (ratings 4 
and 5) and 40 to 5597, were too sedated or 
disoriented to repeat the stimuli when they 
were presented. This did not appear to affect 


371 


the overall conclusions about lorazepam and 
memory, since further analysis suggested 
that the loss in recall and recognition was 
similar, whether or not the stimulus could 
be repeated during the operation. 


Consistent with but more important than 
the alertness rating results was the finding 
that significantly more lorazepam patients 
(п=6) than placebo patients (п=0) were 
considered to be oversedated (x?=4.62, 
df=1, p« 0.05). Five of these lorazepam pa- 
tients were rated unsatisfactory by the anes- 
thesiologist, while the sixth was rated satis- 
factory but considered to be borderline. In 
all these cases, the patient was judged to be 
so deeply sedated that it was difficult to 
judge the level of regional anesthesia. None 
responded to verbal commands when tested 
for sensory levels. Four responded only with 
general reflex movements, while 2 were com- 
pletely obtunded and gave no response at 
all. Even though these patients were mark- 
edly sedated, respirations were deep and 
adequate, none requiring ventilatory assist- 
ance. 


Lorazepam incidentally appeared in these 
studies to have little effect upon the cardio- 
vascular system (table 4). Measurements 
of pulse and blood pressure taken before 
administration of the test drug, upon enter- 
ing the operating room, after the regional 
anesthesia, and in the recovery area indi- 
cated no significant differences between the 
2 groups. 


Patient ratings of the test drugs indicated 
a group difference (х? = 9.84, df 23, p 0.05), 
with all lorazepam patients rating the pre- 
medication as excellent or good as compared 
to 74%, for the placebo. Two (10%) of the 
placebo patients rated the test medication 
as only fair, and 3 (16%) considered it to 
be poor. 


Numerous post-hoc evaluations of the 
lorazepam data attempted to determine the 
factors that might differentiate between the 
sedated and oversedated patients. While 


TABLE 4 
Mean Values for Blood Pressure and Pulse Rate 


Systolic (mmHg) 


Diastolic (mmHg) Pulse rate (per/min) 





Measurement Lorazepam Placebo Lorazepam Placebo Lorazepam Placebo 
Predrug 127,1 129.2 80.3 79.5 19.4 76.7 
Enter operating room 128.8 135.0 78.8 81.8 80.4 78.8 
Regional 124.8 130.0 72.5 77.4 81.5 80.7 
Recovery 121.8 122.2 724 73.8 76.4 72.9 


_—_ ĖŮĖ—_— 
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weight suggested a possible trend, the only 
significant factor was age (x?—5.95, df=1, 
p<.0.05). All 6 of the patients judged as 
oversedated were among the 10 patients be- 
tween the ages of 46 to 63 years, while this 
condition was not found in any of the 10 
patients between ages 23 to 26. Further 
comparisons of age within the lorazepam 
group suggested differences only for alert- 
ness ratings, with no differences in memory, 
body weight, blood pressure, pulse, pulse 
pressure, length of operation, or length of 
stay in the recovery room. 


DISCUSSION 


The combination of meperidine (50 mg) 
IM and lorazepam (4 mg) IV led to heav- 
ier sedation and less recall and recognition 
of events and stimuli than meperidine IM 
with placebo. These differences persisted 
throughout the whole measurement period 
of approximately 3 hours and, for at least 
some patients, may have continued into the 
night of surgery. These suggestions of long- 
lasting effects are consistent with previous 
reports on the use of lorazepam as a pre- 
medicant*:^ and suggest that its effects аге 
more persistent than those noted with even 
higher doses of diazepam.?^^ In addition 
to these positive findings are the suggestions 
that respiration, blood pressure, and pulse 
were not differentially affected by loraze- 
pam and that there were no adverse changes 
even when patients were considered to be 
oversedated. These suggestions are consis- 
tent with previous reports on the use of 
IM lorazepam.’ 


The finding of excessive sedation with 
patients over age 40 was not predicted from 
either our own preliminary pilot work with 
4 mg (unpublished) or from a study by 
Heisterkamp and Cohen,? which used 5 mg 
IV lorazepam as a premedicant for regional 
anesthesia. However, it is difficult to make 
comparisons across these studies, since the 
mean age of patients in our pilot project 
was 26.2 years (n=5) and since Heisterkamp 
and Cohen? did not provide the ages of 
their patients (n=5). 


In view of the current findings and the 
lack of comparable data, we performed 2 
additional pilot evaluations in patients 40 
years of age or over, to (a) determine 
whether a lower fixed dose might be ade- 
quate, and (b) evaluate the use of a weight- 
related dose. The first pilot study evaluated 
2 mg (п=3), 3 mg (n=4), and 4 mg (n=4), 
but was discontinued when the 2-mg dose 
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did not appear to provide sufficient seda- 
tion and 1 patient in each of the other 
groups (3 and 4 mg) was oversedated. In 
the second study (n=9), using a dose of 
.044 mg/kg rounded to the nearest 0.5 mg, 
2 patients were also considered to be over- 
sedated. 


While there were not enough cases for 
statistical analysis of these pilot studies, 
one may speculate from the combined data 
that the desirable dose level may be close 
to .044 mg/kg. Unsatisfactory ratings were 
given to 2 of 4 patients who received more 
than .048 mg/kg, 2 out of 8 patients who 
received between .042 to .048 mg/kg, and 
0 out of 8 patients with lower dose levels, 
suggesting that values above .044 mg/kg 
may increase the chances of oversedation. 


On the other hand, values below .044 
mg/kg may have a reduced effect upon both 
sedation and memory. None of the 9 pa- 
tients receiving doses above .044 mg/kg 
recalled any stimuli, while of the 11 receiv- 
ing less than this value, 4 recalled stimulus 
2. Two of these latter patients also recalled 
1 or more later stimuli. This suggests that 
limits around .044 mg/kg may be very nar- 
row for individuals above age 40 and, more 
importantly, indicates the need for addi- 
tional research to establish a useful dose 
level for all age groups. Studies are needed 
both with and without the use of meperi- 
dine, since the finding of excessive sedation 
in older patients may be due to the com- 
bined effects of meperidine with lorazepam. 


In conclusion, this study indicates that 
lorazepam may be useful and safe to use 
as a premedicant, especially when the sur- 
gical procedure is prolonged, and that it 
may be readily accepted by patients. AI- 
though the drug may have no retrograde 
effect upon memory, and even though pa- 
tients may appear to be awake, it signifi- 
cantly reduces recall and recognition of 
events for as long as 3 hours after a single 
IV injection. However, because of its pow- 
erful and persistent sedative effects, further 
research is necessary to determine useful 
dose levels and to establish the possible 
drug interactions between this benzodiaze- 
pine tranquilizer and narcotic analgesics. 
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ANTIEMETIC EFFECT OF THC Oral delta-9-tetrahydrocannabinol (THC) was com- 
pared with a placebo as an antiemetic for nausea and vomiting following cancer chemo- 
therapeutic drugs. Oral THC (10 mg/m?) was an effective antiemetic in 14 of 20 
courses while the placebo was ineffective in all instances. The lack of THC effect in 
some patients may be related to failure of gastrointestinal absorption. No patient 
vomited while experiencing a “high” from THC. Although somnolence often occurred 
with this THC dose, a significant curtailment of activities was infrequent. Toxicity 
(fear, panic, hallucinations) occurred in only two patients, both after three THC doses 
of 20 mg. (Sallan SE, Zinberg NE, Frei E: Antiemetic effect of delta-9-tetrahydro- 
cannabinol in patients receiving cancer chemotherapy. NEJM 293 :795-797, 1975) 
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Analysis of Tasks and Human Factors in 
Anesthesia for Coronary-Artery Bypass 


PETER J. KENNEDY, MS* 
ALFRED FEINGOLD, МОТ 
EARL L. WIENER, PhD: 

RONALD S. HOSEK, РҺО$ 


Miami, Florida | 


A comprehensive task analysis of the anesthe- 
tist's activities during coronary-artery bypass 
procedures was carried out using time-lapse 
cinematography. This film was analyzed frame 
by frame to detect types of activities and the 
proportion of time spent on each. Link analy- 
sis was used to reveal recurring sequences of 
activities. Of the 9 activity categories, the 
anesthetist spends the greatest portion of time 
observing the patient and scanning the entire 


HE functions of anesthetists are subject 

to extreme fluctuations. A task analysis 
during coronary-artery bypass, employing 
time-lapse cinematography, was undertaken 
to reveal the extent to which total activity 
and particular duties fluctuate during anes- 
thesia. 


METHODS 


'The time-lapse cinematography used the 
following equipment: 16 mm camera (Bell 
and Howell, model 70-DR) equipped with 
a custom-made synchronous motor and 
Geneva drive (Lafayette Instruments Com- 
pany, model 5406) ; Kodak Ektachrome 7242 
emulsion EF type B 449, ASA 125, which 
permitted exposure under ambient illumina- 
tion. The camera equipment was located 


operative and monitoring field. Ten to 1596 
of the time is spent logging data on the anes- 
thetic record. The challenge for the anesthe- 
tist is to optimize his performance, and those 
under his direction, in the face of the changing 
workload resulting from variations in patients" 
conditions. Use of an automated monitoring 
system that charts patient vital signs would 
allow the anesthetist to apportion this time 
among other tasks. 


outside a window of the operating room, as 
unobtrusively as possible. 


Preliminary studies showed that the anes- 
thetist is involved in virtually no activities 
completed in less than 2 seconds and, there- 
fore, an interframe interval of 2 seconds was 
acceptable.! Detailed activity was subjected 
to frame-by-frame analysis. 


Transcription of the data from film to 
workable form was facilitated by entering 
the data directly into a computer keyboard 
(PDP-12) while viewing the films. The com- 
puter program then performed a number of 
calculations including the tally of elapsed 
time, man-minutes per activity code, and 
link analysis. The rate at which the films 
were reviewed was approximately 2000 
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frames (1 hour's surgical operative time) in 
an 8-hour day. Initial analysis of the films 
established 13 categories of anesthetists’ ac- 
tivities?; this was subsequently reduced to 
9 categories (table). In 5 of these, the anes- 
thetist's attention is directed toward, in 3, 
away from, and in 1, both toward and away 
from the patient-surgical field. 


Three elective coronary-bypass proce- 
dures lasting 6, 8, and 9 hours were studied 
in the context of a teaching hospital where 
surgical anesthesia and operations were per- 
formed by residents and faculty. The proce- 
dures were divided into 3 phases: (1) pre- 
pump, wherein the patient is prepared, an- 
esthesia is induced, thoracotomy is per- 
formed, and the pump tubing is connected; 
(2) on-pump, during which the respirator 
is shut off and circulatory bypass is effected; 
and (3) post-pump, during which the pa- 
tient's heart is defibrillated and the surgical 
procedure is completed. 


RESULTS 
Figure 1 is an overview of the activities 
for case 1. The abscissa represents the 
elapsed time in hours. The ordinate scale is 





TABLE 
Activity-Code Symbols 
CO VETERUM dili QUSE CORN UN Ea 
Symbol Description Attention* 

ACI Adjust or calibrate instru- 

ment (respirator, heating 

blanket, IV ) T&A 
AW Arrange equipment (instru- 

ments, table) A 
DT Data transfer: anesthetist 

communicates or gestures to 

another person A 
LDC Log data on anesthetic record 

or read chart A 
MAD Міх or administer drugs T 
OIS Observe oscilloscope or 

other monitor i 
OP Observe patient (skin color, 

surgical field, etc.) "P 
PP Prepare patient (place ECG 

leads, BP, transducers, etc.) T 
SA Scan area (attention not 


directed to any instruments or 
display but scanning entire 
field) 


-———————— 


*'"T" indicates that the anesthetists attention is 
directed toward the patient-surgical field. “А” indi- 
cates that the anesthetist’s attention is directed 
away from the patient-surgical field. 
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PRE-BYPASS 


^S 







,BYPASS POST-BYPASS 


j MANCMINUTES 
a 135 


MAN- MINUTES 


ELAPSED TIME (HOURS) 

Fic 1. Man-minutes expended during 15-minute 
intervals on 9 activity codes for case 1. Total man- 
minutes is the sum of the man-minutes expended 
on an activity code. Symbols are defined in the 
table. 


repeated once for each activity code and 
represents the man-minutes expended during 
15-minute intervals on that activity code. 
The number at the extreme right of each 
activity represents the total time in man- 
minutes for that activity. The sum of the 
total man-minutes for each activity code 
agreed closely with or exceeded the elapsed 
time. 


At the beginning of the procedure, the 
anesthetist attached monitors, induced anes- 
thesia, and intubated the patient; this is re- 
flected (fig 1) by an initial peak of the 
activity code, prepare patient (PP). At the 
end of the case, another peak of PP occurs, 
indicating the preparations prior to trans- 
porting the patient to the postsurgical recov- 
ery unit. During bypass, some activities 
drop to a low level. The principal exceptions 
to this appear to be scan area (SA), and 
data transfer (DT). 


Figure 2 summarizes the percent of the 
anesthetist's time expended on each activity 
code for the 3 cases. This summary is ar- 
ranged in order of increasing time expended. 


Sequences of activities which recur 
throughout the procedure were revealed by 
link analyses. A 9 x 9 matrix of the present 
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,DISTRIBUTION OF ANESTHESIOLOGISTS' TIME 


PERCENT OF TOTAL MAN-MIN. 





ACTIVITY 


Fic 2. Percent distribution of anesthetist's time 
for the 3 cases. Symbols are defined in the table. 


activity and the next activity was con- 
structed. By dividing each present activity 
entry by the total of the corresponding pres- 
ent activity column and multiplying by 100, 
the table is normalized. For example, log- 
ging data (LDC) follows observing moni- 
tors (OIS) 51% of the time. If the present 
activity is OIS, there is a 9% probability 
that the next activity will be to observe pa- 
tient (OP). 


DISCUSSION 


Few studies have applied quantitative 
measures to obtain data that can be used 
to improve the human factors in the practice 
of anesthesiology. Photographic time studies 
were pioneered by Gilbreth,? who proposed 
standards for some procedures. More re- 
cently, Drui and associates‘ used time-lapse 
cinematography to study 8 cases, including 
one 10-hour cardiac surgical procedure, for 
a total of 26 hours of study. Using 24 sepa- 
rate activity codes, they found that the larg- 
est amount of time was spent in filling out 
the anesthetic record and that 46% of the 
anesthetist’s time was spent looking away 
from the patient-surgical field. 


Our data support many of their observa- 
tions and conclusions. Figure 2 shows that 
the anesthetist spends 8 to 22% of his time 
scanning the area (SA), 11 to 22% observ- 
ing the patient (OP), 10 to 17% mixing or 
administering drugs (MAD), 8 to 17% ob- 
serving monitors (OIS), 7 to 16% prepar- 
ing the patient for anesthesia and transfer 
(PP), 10 to 15% logging data or reading 
chart (LDC). The time spent looking away 
from the patient-surgical field on other es- 
sential tasks may include the categories 
LDC, DT, AW, ACI, and amounts to 28 to 
33% of the total man-minutes. 
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The anesthetist’s primary tasks are to 
observe the patient, observe monitoring 
equipment, and continuously review his ор- 
tions of drugs and dosage. Superimposed 
upon these are a variety of secondary tasks, 
such as fluid replacement, preparation of 
supplies, and updating the clinical record. 


Like Drui's group, we found the place- 
ment of equipment and displays in the oper- 
ating rooms was haphazard. In two institu- 
tions, the multichannel oscilloscope was be- 
hind the anesthetist, requiring a body move- 
ment for the OP—OIS sequence. Although 
this location is convenient for the surgeons, 
relocation of the oscilloscope would reduce 
body movements of the anesthetist. 


Link analysis showed that OIS, SA, and 
MAD are followed by logging data (LDC) 
51%, 46% and 37% respectively. OIS fol- 
lows LDC, OP, MAD, and PP 43%, 33%, 
34% and 33% respectively. These data fur- 
ther emphasize the importance of proper 
arrangement of the equipment in the 
patient-surgical field. 


Our results show that periodic transcrip- 
tion of patient data to the anesthetic record 
(LDC) requires 10 to 15% of the anesthe- 
tists time. An automated system for chart- 
ing the patient’s vital signs would allow the 
apportionment of this time among the re- 
maining tasks. In addition to logging vital 
signs, a computerized system could produce 
a more complete and accurate record than 
a manual system. Additional information 
available from the ECG could be computed, 
displayed, and recorded. The computer-pro- 
duced record might also provide useful in- 
formation for postoperative studies. 


Our observations suggest that any auto- 
mated system should include a properly 
placed oscilloscope display. Additional func- 
tions should be added to the display to 
show trends and allow a comprehensive 
clinical picture of the patient's status with 
only limited eye movement by the anesthe- 
tist. 


Improved patient care can follow if hu- 
man-factors and systems specialists study 
anesthetic procedures and identify error- 
producing aspects resulting from the inter- 
action between the anesthetist and his equip- 
ment. The collection and analysis of design- 
induced errors, perhaps using the method 
described by Fitts and Jones? to study de- 
sign-induced pilot errors, could lead to the 
identification of recurring problems, which 
could then be designed out of the anesthesia 
man-machine systems. 
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ess during anesthesia and operation may 
The authors describe such a syndrome in 


six patients characterized by 1) recurrent nightmares, 2) irritability, 3) a preoccupation 
with death, and 4) reluctance to describe symptoms to physicians for fear they would 
be misinterpreted. In all six cases a direct explanation to the patient that they indeed 
were “awake” during the operation served as a dramatic cure. The incidence of such 
occurrences may be underestimated due to patient reluctance to discuss their symptoms. 


(Blacher RS: On awakening paralyzed 
neurosis. JAMA 234:67-68, 1975) 


during surgery. A syndrome of traumatic 
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Anesthetic Considerations for Pericardectomy 
in Uremic Pericardial Effusion 


HALAPPA N. KONCHIGERI, MD* 
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Chicago, Illinois 


Fifteen patients with impending uremic car- 
diac tamponade underwent either anterior peri- 
cardectomy or pericardiostomy under general 
anesthesia. Anesthetic agents and technics were 
selected in the light of physiopathologic de- 
rangements involving fluids and electrolyte bal- 
ance, excretory and cardiovascular disturb- 
ances, and pharmacodynamics. Anesthesia was 
induced with diazepam and maintained with 


А oven pericarditis associated with 

uremia has been known since 1836,! 
cardiac tamponade in this condition was 
first documented only in 1956.2 This poten- 
tially dangerous condition has been reported 
in patients both before and after beginning 
maintenance hemodialysis. Cardiac tam- 
ponade has been observed in 2.6 to 6% of 
patients in renal failure and 15 to 5595 of 
uremic pericarditis cases. The increasing 
incidence is considered due to the prolonga- 
tion of life of uremic patients by mainten- 
ance dialysis. 


The recommended treatment for uremic 
pericardial effusion with tamponade is ag- 
gressive dialysis, repeated pericardiocente- 
sis, creation of a pericardial window, or par- 
tial pericardectomy. Based on current data, 
partial pericardectomy has been strongly 
advocated as the definitive treatment of 
uremic pericardial tamponade.‘ 


In the anesthetic management, the anes- 
thesiologist is faced with the basic problems 
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N.O-O. (70:30) and fentanyl. Pancuronium 
was used for muscle relaxation. Adequate pre- 
operative assessment of patient, careful moni- 
toring of vital signs, maintenance of the criti- 
cal balance of fluid and blood replacement, and 
selection of anesthetic agents for minimal de- 
pression of vital multiorgan systems provided 
excellent results. No postanesthetic morbidity 
or mortality occurred. 


of chronic renal failure? compounded by the 
changes in cardiovascular hemodynamics 
brought by the uremic cardiac tamponade. 
This presentation describes special anes- 
thetic problems and our experience in the 
anesthetic management for either pericar- 
diostomy or anterior pericardectomy ( phren- 
ic-to-phrenic) in patients with uremic peri- 
cardial effusion and constriction. 


MATERIALS AND METHODS 


Fifteen patients with uremic pericardial 
effusion and clinical signs of impending 
tamponade underwent either anterior peri- 
cardectomy (12 patients) or pericardios- 
tomy (3 patients) under general anesthesia. 
Patients, 10 males and 5 females, ranged in 
age from 15 to 66 years (average 31). АП 
except 1 (class IV) were of ASA physical 
status III. 


Preoperative Evaluation.—Most patients 
were underweight, undernourished, and 
mentally depressed. Predominant physical 
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TABLE 1 
Hematologic and Biochemical Data 
Results 

Normal Mean Range 
Hb (gm): 14-18 (M); 
12-16 (F) 7.57 4.5-12.0 
Het (2): 42-52 (M); 
37-47 (F) 24.34 14.5-36.0 
K* (mEq/L): 4.4 + 0.9 4.24 3.0-5.4 
Na‘ (mEq/L):142-- 7 139.3 134.0-154.0 
СІ- (mEq/L):103 +5 1010 92.0-110.0 
Ca** (mg %): 5 + 0.5 4.1 4.0-4.2 
P (mg %): 2-4.5 2.92 2.8-3.1 
BUN (mg %):14+6 41.3 16.0-52.0 
Creatinine (mg %): 
1+0.5 Rit 2.3-12.0 
Glucose (mg %):87 + 22 102.3 16.0-145.0 
Total protein (gm): 
TESLI 4.7 3.2-5.9 


findings were tachypnea ( »25/min), tachy- 
cardia (>100/min), temperature elevation 
of 1 to 3? F above normal, elevation of cen- 
tral venous pressure (СУР) (>15 cm Н.О), 
and mild to moderate degrees of hyperten- 
sion. There was increased cardiac dullness 
on percussion and bilateral basal moist rales 
on auscultation in the majority. Patients 
were receiving multiple medications, includ- 
ing methyldopa, digitalis, furosemide, azo- 
thioprine, prednisone, antibiotics, and sup- 
plemented iron therapy. 


Laboratory Data.—Preoperative hemato- 
logic and biochemical data (table 1) showed 
polymorphonuclear leukocytosis in 12 pa- 
tients. Platelet count (carried out in 10 
patients) was reportedly normal. Chest 
roentgenography revealed progressive car- 
diomegaly in all patients. Electrocardio- 
graphic abnormalities included left ventric- 
ular hypertrophy with strain (5 patients), 
nonspecific ST-T wave changes (2 patients), 
junctional rhythm (2 patients), atrial flut- 
ter with 3-to-1 block (1 patient), and sinus 
tachycardia (several patients). 


All patients were on regular mainten- 
ance hemodialysis, 2 or 3 times a week, be- 
fore hospitalization. Intensive medical man- 
agement of pericardial effusion involved 
daily hemodialysis and pericardiocentesis. 
Surgical intervention was considered neces- 
sary only in those patients who exhibited 
radiographic evidence of enlarging cardiac 
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silhouette, accompanied by: (1) signs of 
cardiac embarrassment (arrhythmias and 
hypotension), (2) elevated CVP and/or 
paradoxical pulse pressure of 15 to 20 torr, 
(3) negative response to aggressive hemo- 
dialysis, and (4) echocardiographic evi- 
dence of increased accumulation of pericar- 
dial fluid. 


Premedication.—Five patients received 5 
to 10 mg of diazepam IM, approximately 1 
hour before anesthesia, while the remainder 
received no premedication. 


Anesthetic Management.—Baseline read- 
ings of vital signs (temperature, respiratory 
rate, pulse rate, blood pressure, ECG and 
CVP) were recorded. The usual sterile sur- 
gical preparation and draping were carried 
out while the patient received O. by face 
mask before induction of anesthesia. 


Anesthesia was induced with diazepam, 
administered in incremental doses of 5 mg 
(total dose 10 to 25 mg) until optimal seda- 
tion was reached without untoward effect on 
vital signs. Pancuronium (0.1 mg/kg) was 
administered to facilitate endotracheal in- 
tubation. Anesthesia was maintained with 
70% N.O in O. and supplemented with 
minimal doses of fentanyl. Ventilation was 
controlled in all patients throughout the 
surgical procedure, and arterial blood gas 
was measured intraoperatively in 8. Midline 
sternal splitting incision was used for thora- 
cotomy in patients scheduled for anterior- 
pericardiectomy, which involved removal of 
anterior pericardium between the phrenic 
nerves as well as excision of the pericardial 
reflections around the venae cavae, and a 
subxiphoid incision was used for pericardi- 
ostomy. 


At the termination of the procedure, the 
residual effect of pancuronium was reversed 
by administering 5 mg of prostigmine and 
1.2 mg of atropine in a premixed solution. 
Patients were extubated either in the oper- 
ating room or in the cardiac surgical inten- 
sive care unit after assessment of vital signs 
and adequacy of ventilation. 


Intraoperative Monitoring.—In addition 
to the usual parameters (temperature, pulse, 
respiration, blood pressure, and tidal vol- 
ume), CVP was measured in 6 patients, and 
intraarterial blood pressure, by placement 
of a catheter in the dorsalis pedis artery, in 
4 patients. 


Intravenous Fluids.—Patients received 
200 to 1400 ml (average 680 ml) of 0.45% 
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TABLE 2 


Pulse-Rate and Blood-Pressure Changes 
During Anesthesia and Recovery 


—————————— 


Pulse Blood pressure [Mean + SD) 








(Mean + SD) Systolic Diastolic 
Preinduction 101 +13 134 + 29 81 +12 
Induction 1022-13 142 + 29 83 +16 
Maintenance 107 + 10 142+25 85 +10 
Recovery 99-7 9 189221 83-57 


—— À————— M Á— M Á _—_ 
None of the parameters measured were statistically 
significant at p — 0.05. 


normal saline solution in 597, dextrose and/ 
or lactated Ringers solution in 595 dex- 
trose solution to replace serosanguinous fluid 
loss. Ten patients were given 1 tc 4 units 
of triple-washed red blood cells intraopera- 
tively. 


RESULTS 

Duration of the surgical procedure ranged 
between 70 and 300 minutes ( average 143 
minutes). Variations in either hears rate or 
blood pressure during anesthetic induction, 
maintenance, or recovery were not statisti- 
cally significant (table 2) except in 1 pa- 
tient, in whom there was a transient brady- 
cardia (heart rate 50 to 55/min) during 
cardiac manipulation; this was promptly 
treated with IV administration of atropine. 
During dissection of a thick epicardial peel, 
a second patient developed premature ven- 
tricular contractions (PVCs) of 2 te 5/min; 
intervals of rest during the procedure im- 
proved the cardiac rhythm without the need 
for further therapy. Central venous pressure 
decreased by 3 to 10 cm Н.О as the chest 
and pericardial sac were opened. Average 
intraoperative blood-gas measurements were: 
Pao,, 121 torr (111 to 150); Paco., 32.2 
torr (27 to 38); pH, 7.49 (7.41 to 7.58); 
HCO,, 24.9 (19 to 28). 


Anesthesia provided highly satisfactory 
operating conditions, and all patients showed 
rapid recovery, complete amnesia, and a 
benign postanesthetic course. No postopera- 
tive mortality or morbidity was related to 
the anesthetic management. 


Echocardiography.— Ultrasound scanning 
has been shown to be accurate, safe, and 
reliable for detecting pericardial effusion, 
and can be conducted at the bedside in a 
few minutes without patient discomfort.* 
Echocardiography is based on a simple prin- 
ciple: When ultrasound, passing threugh an 
acoustically uniform medium, reaches the 
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interface with a medium of different acous- 
tic impedance, some of the waves will be 
reflected back (echoes) to the transducer, 
while the remainder of the energy is trans- 
mitted into the second medium.? When an 
ultrasound transducer is placed along the 
left sternal border in the 4th or 5th inter- 
costal space and facing posterolaterally, the 
ultrasonic beam will traverse the anterior 
chest wall and various structures of the 
heart to the posterior mediastinum and lung. 
Reflected ultrasonic energy (echoes) from 
the different media are recorded on the self- 
developing film of an ultrasonoscope. Peri- 
cardial fluid is recorded as echo-free space 
between the posterior left ventricular epi- 
cardium and the posterior pericardium. An- 
terior fluid is seen as a similar echo-free 
space between the anterior right ventricular 
wall and the anterior chest wall.5 


DISCUSSION 


Patients with uremic pericardial tampon- 
ade present complex homeostatic disturb- 
ances involving multiorgan systems. Chronic 
renal failure is associated with severe ane- 
mia, hypoproteinemia, chronic azotemia, 
and electrolyte disturbances. Although bio- 
chemical disturbances can be largely cor- 
rected by hemodialysis, emergency surgical 
procedure may require anesthetic adminis- 
tration in a patient with extreme biochemi- 
cal disturbances. Decreased resistance and 
increased susceptibility to infection necessi- 
tates a meticulous aseptic technic and, fre- 
quently, antibiotic administration. 'The pos- 
sibility of interaction between medications 
(antibiotics, immunosuppressive and anti- 
hypertensive agents, digitalis, diuretics) and 
anesthetic agents must be considered. 


A majority of such patients are hyperten- 
sive and have associated cardiomegaly, con- 
duction defects, atherosclerotic vascular 
changes, and uremic cardiomyopathy. In 
addition, patients are susceptible to serous 
effusion in peritoneal, pleural, and pericar- 
dial cavities. 


Pericardial effusion produces several ma- 
jor hemodynamic changes. Cardiac tampon- 
ade limits diastolic expansion of heart cham- 
bers, increases intraatrial, intraventricular, 
and pericardial pressures, and leads to de- 
creased stroke volume and cardiac output.*.? 
Left ventricular function has been shown to 
be depressed by significant falls in ejection 
fraction and mean ejection rate.” Increased 
pressure in both atria is reflected in a 
marked rise in pulmonary and systemic 
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venous pressure. During cardiac tamponade, 
cardiac output can be increased by expan- 
sion of total blood volume at the expense of 
raised central venous pressure.!" There is a 
decrease in coronary blood flow, while myo- 
cardial metabolic О„ demand is greatly in- 
creased as a resultant of tachycardia. Coro- 
nary blood flow may be critically affected 
by changes in coronary vascular resistance, 
heart rate, arterial pressure, and cardiac 
output.!! 


In patients with cardiac tamponade, car- 
diac output is reduced and therefore re- 
quires increased venous filling pressure; 
hence, anesthetic agents causing marked 
depression either of myocardial contractility 
or peripheral vascular resistance (PVR) 
should be used with great caution." Moni- 
toring of the CVP assists greatly in main- 
taining adequate fluid administration. Also, 
because of the increased incidence of car- 
diac arrhythmias in patients with tampon- 
ade, ventilation and oxygenation should be 
well maintained. Increased intrathoracic 
pressure due to straining or coughing dur- 
ing induction, or to overly vigorous con- 
trolled ventilation, may result in further 
tamponade of the heart and intrathoracic 
veins, causing more hypotension. 


Surgical removal of pericardium adherent 
to the pericardial surface may involve me- 
ticulous dissection, leading to considerable 
blood loss. Manipulation of the heart may 
greatly upset circulatory dynamics and pre- 
cipitate hypotension or arrhythmias to the 
extent of ventricular fibrillation. Close mon- 
itoring of the cardiovascular system, gentle- 
ness in the surgical procedure, and adequate 
fluid and blood replacement are all essential 
for successful patient management. 


Anesthetic Agents.—Reduced tolerance to 
the depressing effect of drugs and unstable 
cardiovascular dynamics in uremic pericar- 
dial tamponade warrant elimination or min- 
imizing of the dosage of potent sedatives and 
narcotic premedicants. Thiopental induction 
is risky in patients with tamponade,!? while 
diazepam has reportedly proved to be an 
excellent induction agent, with negligible 
cardiovascular depression, good anterograde 
amnesia,! and enhanced coronary blood 
flow through vasodilation.!? 


Halogenated inhalation anesthetics pro- 
duce significant myocardial depression and 
peripheral vasodilation.!?.7 Although sym- 
pathomimetic effects of cyclopropane and 
diethyl ether are beneficial in maintaining 
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PVR,'* routine use of electric bone saws 
and other electric instrumentation excludes 
these agents from consideration. Ketamine, 
with no significant effect on PVR in patients 
with chronic renal failure,!? may be con- 
sidered useful. Morphine can produce sig- 
nificant decrease in systemic arterial resist- 
ance, vasodilation, peripheral pooling, and 
reduced venous return to the heart.!? Ad- 
ministration of drugs with alpha or beta- 
blocking properties (droperidol, thorazine, 
phenoxybenzamine, phentolamine, propran- 
olol) may be lethal in these patients. Be- 
cause of the negligible effect of pancuronium 
on the cardiovascular system,?" this drug 
was included in our anesthetic management. 


Some authors!? have advocated the tech- 
nic of local infiltration and sedation for sub- 
xiphoid pericardiostomy. 'The disadvantages 
of this method are: (1) a large volume of 
local anesthetic may produce significant 
myocardial depression; (2) if the operative 
procedure is extensive, intraoperative anes- 
thesia may be required; (3) synergistic ac- 
tion of the local and general anesthetic 
agents may produce cardiovascular depres- 
sion. 


Special attention must be paid in the 
proper care of A-V fistula in the arm, aseptic 
anesthetic technics, and adequate protection 
of pressure points on patient positioning. 
Radial artery and veins at the wrist are to 
be spared cannulation whenever possible, so 
that they can be used for a later A-V fistula. 
Dorsalis pedis artery puncture or cannula- 
tion can be used for obtaining blood-gas 
measurement and arterial pressure record- 
ings. 


In our present experience, adherence to 
the outlined principles of anesthetic man- 
agement for pericardectomy has produced 
excellent results with no operative or anes- 
thetic related mortality or morbidity. 


ADDENDUM 


Since this paper has been submitted for 
publication, pericardectomy has been done 
in three more patients with good results 
without any related sequelae. 
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Effect of Isoproterenol and Propranolol 
on Halothane MAC in Dogs 


YASUMASA TANIFUJI, MD* 
EDMOND І. EGER, 11, МОТ 


San Francisco, California} 


To evaluate the effect of propranolol on anes- 
thetic requirement, changes in minimum alve- 
olar concentration (MAC) of halothane accom- 
panying acute (2 and 10 mg/kg IV) and 
chronic (200 mg/day orally for 10 days) pro- 
pranolol administration were determined in 
dogs. MAC did not change significantly in 
either case. Beta-adrenergic blockade was 
achieved with the 2 mg/kg propranolol dose, 
as indicated by abolition of the pulse rate in- 


P ROPRANOLOL is used extensively for beta- 
adrenergic blockade in the treatment of 
angina,'? and for hypertension.? It also has 
been used to treat arrhythmias during anes- 
thesia. Several reports suggest that propra- 
nolol may be depressant in animals*^ and 
anxiolytic in man.^? Propranolol may di- 
rectly depress by a local-anesthetic-like ac- 
tion at the membrane.’ These effects imply 
that a reduction in anesthetic requirement 
might result from propranolol administra- 
tion. 


Accordingly, we investigated whether 
propranolol given acutely or chronically 
might modify the minimum alveolar con- 
centration (MAC) of halothane. At the 
same time, we determined whether the beta- 
adrenergic stimulator, isoproterenol, affect- 
ed halothane MAC. 


Cessation of propranolol treatment has 
been reported to cause a hazardous increase 


*Research Trainee. 


+ Professor. 


crease in response to isoproterenol infusion. 
Isoproterenol itself did not alter MAC. Mean 
arterial pressure (MAP) and heart rate (HR) 
at any given level of alveolar halothane were 
the same before and after chronic propranolol 
administration. Acute IV administration of 
propranolol, especially at the 10 mg/kg dose, 
reduced MAP and increased HR only tran- 
siently. 


in myocardial ischemia. The argument for 
discontinuing propranolol prior to anesthe- 
sia is that continued beta-adrenergic block- 
ade may make the cardiovascular system 
more susceptible to the depressant effects 
of anesthesia?-!? or the stress of surgery.!? 
To determine whether propranolol alters the 
cardiovascular response to anesthesia, blood 
pressure (BP) and heart rate (HR) were 
measured before and after propranolol ad- 
ministration at equal anesthetic doses. 


MATERIAL AND METHODS 


Healthy, unpremedicated dogs of various 
ages, breeds, sex, and weight (19.6 kg + SE 
1, range 14 to 22 kg) were anesthetized with 
halothane-O.. A cuffed endotracheal tube 
was introduced without the use of muscle 
relaxants, and breathing was controlled with 
a volume-limited respirator. Intermittent 
end-tidal gas samples were obtained from 
the end of the endotracheal tube via a nylon 
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catheter. Halothane was analyzed with a 
Beckman LB-1 infrared analyzer. Esophag- 
eal temperature was maintained at 37.5 4 
1° С by heating pads and ice. MAC was 
determined as described previously. АП 
measurements were made after at least 15 
minutes of a constant end-tidal halothane 
concentration. 


Arterial blood was drawn via catheter 
from the femoral artery for Pao., Paco», 
and pH. Paco, was maintained at 25 + 9 
torr (SEM), a level which does not influ- 
ence МАС.!5 Blood pressure, from the 
femoral artery, and HR were recorded on a 
Grass polygraph. 


Acute Experiments.—After induction with 
halothane, control MAC was determined in 
8 dogs. Isoproterenol (0.8 pg/ml) was ad- 
ministered as a continuous IV infusion. 
MAC again was measured at an HR in- 
creased to 80% above control levels by ad- 
justment of the isoproterenol infusion. 
Twelve + 2 minutes after measurement of 
this “isoproterenol MAC,” propranolol (2 
mg/kg) was injected. To determine whether 
the propranolol had completely blocked 
beta-receptors, isoproterenol was infused for 
5 minutes at the same speed as had previ- 
ously doubled the HR, which now remained 
unchanged by the isoproterenol. After this 
confirmation, the propranolol MAC was de- 
termined. Finally, a large propranolol dose 
(10 mg/kg) was injected 106 + 15 minutes 
after е 2 mg/kg propranolol injection. 
Following this, we again measured MAC. 


Chronic Experiments.—Since propranolol 
commonly is administered chronically, we 
also examined whether chronic administra- 
tion differed from acute administration in its 
effect on MAC. Halothane MAC was deter- 
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mined in 6 normal unmedicated dogs. Pro- 
pranolol (200 mg) was then administered 
orally each day (mean 11.6 mg/kg/day: 
range 9.5 to 16.7 mg/kg/day) for about 10 
days (range 8 to 11 days), after which halo- 
thane MAC was redetermined. Following 
the determination of this chronic propra- 
nolol MAC, we examined whether such 
chronic oral administration blocked HR re- 
sponse to the isoproterenol infusion (0.8 
ng/kg) previously found to double HR. In 
both acute and chronic experiments, each 
MAC was corrected to a body temperature 
of 37? C.!5 Results were analyzed for statis- 
tical significance by paired analysis with 
Student's t-test. A p value of less than 0.05 
was accepted as significant. 


RESULTS 


Acute Experiments.—Isoproterenol infu- 
sion initially decreased BP by 22% (table), 
but by 10 minutes after the start of infusion, 
pressure had returned to control values. 
The 2 mg/kg propranolol injection did not 
induce a fall in BP. HR transiently de- 
creased 27%, but rapidly returned to con- 
trol values (table). Isoproterenol infusion 
following propranolol did not increase pulse 
rate. With the larger dose of propranolol 
(10 mg/kg), BP initially decreased and HR 
increased (table), these values returning to 
or toward control levels in about 20 minutes 
(fig 1). MAC was not affected significantly 
by any treatment (fig 2, table). 


Chronic Experiments. — After oral pro- 
pranolol administration (200 mg/day) for 
10 days, BP values at any given level of 
halothane anesthesia were nearly the same 
as prior to propranolol administration, and 
HR changed little (fig 3). Incomplete atrio- 
ventricular block was observed in 1 dog 


TABLE 


Mean Arterial Pressure and Heart Rate Changes After Isoproterenol or Propranolol 


Propranolol 2 mg/kg Propranolol 10 mg/kg 





After 5 minutes of 


After 5 minutes 





isoproterenol of isoproterenol 

Control infusion After 5 minutes infusion After 5 minutes After 20 minutes 

(N = 8) (м = 8) [N — 7) (N — 6) (М = 5) (М — 5) 
Mean arterial 86 + 4.3 67 + 6.3 87 + 5.6 85 + 5.0 71 2.5 TU EAT 
pressure, torr 
(% of control) (100) (78 + 5) (106 + 6) (103 + 5) (89 + 7) (98 + 7) 
Heart rate 84 — 4.6 148 + 4.5 98 + 5.7 92 + 8.5 106 + 7.5 98 + 4.9 
(% of control) (100) (179 3-10) (100+ 8) (112 11) (124 + 8) (116 + 8) 
Halothane MAC* 0.95 + 0.07 0.98 + 0.05 0.93 + 0.05 0.99 + 0.06 


*Absolute % + SEM. N = 8 for all except propranolol 10 mg/kg, where N = 6. 
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after 5 minutes 
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Fic 1. Heart rate and mean arterial pressure in acute experiments are given as a percent of values 


obtained during halothane anesthesia prior to isoproterenol or propranolol injection. 
pressure changes following propranolol on the average were small and transient. 
propranolol injection, isoproterenol increased heart rate and decreased blocd pressure. 


animals at each point see the table. 
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E 
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я 100 S E a 
| 
£ (N=8) Teo 
ч 
> 
80 
Fic 2. Neither an IV isoproterenol infusion 


sufficient to double the heart rate nor 2 or 10 mg/kg 
IV injection of propranolol altered MAC for halo- 
thane in acute experiments. MAC values are given 
as average percent halothane = SEM. 


given the largest dose of propranolol (16.7 
mg/kg/day). Another dog showed incom- 
plete beta-blockade, indicated by its re- 
sponse to isoproterenol. No significant 
changes in MAC were seen. Halothane 
MAC was 0.99 + 0.08% before chronic pro- 
pranolol administration and 1.08 + 0.08% 
after. 


DISCUSSION 


Propranolol given either acutely or chron- 
ically did not make the average dog more 
susceptible to halothane-induced hypoten- 
sion or bradycardia (figs 1 and 3). Thus, 
our data do not support the argument that 
propranolol must be discontinued before 
halothane anesthesia. However, such data 
may not be immediately extrapolated to pa- 
tients, particularly those with heart disease 
conferring limited cardiovascular reserve. 


Moreover, we did not explore the inter- 
action of propranolol on myocardial con- 
tractility or cardiac output. It should be 
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For number of 
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administration 
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% Alveolar halothane 

Fic 3. Open triangles indicate heart rate and 
blood pressures found at various levels of alveolar 
halothane in 6 unmedicated dogs. Closed circles 
indicate heart rate and pressure found after oral 
administration of 200 mg/day of propranolol for 10 
days. It is apparent that propranolol did not sig- 
nificantly alter response of these variables to depres- 
sant effect of these levels of halothane. 


noted that the larger doses of propranolol 
given IV over a period of 3 to 4 minutes 
did cause a mild, transient hypotension and 
tachycardia during halothane anesthesia. 
'Tachycardia at this time may have resulted 
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from incomplete beta-sympathetic blockade 
in the presence of baroreceptor stimulation 
due to the hypotension. A possibility we 
believe unlikely is that reduced sympathetic 
activity may have caused tachycardia asso- 
ciated with transient acute cardiac dilata- 
tion. 


Our findings that neither acute nor chron- 
ic administration of propranolol alters halo- 
thane MAC appear to conflict with reports 
of depression following propranolol admin- 
istration.*^ They also appear to conflict 
with studies suggesting synergistic action 
between propranolol and other CNS depres- 
ѕапіѕ.!7.1% However, the doses of propra- 
nolol used in these other studies were 10 
times larger than we used. In agreement 
with our work, Lader and Tyrer! found in 
normal human subjects that no central ef- 
fects of propranolol were produced by 120- 
mg doses given acutely. They pointed out 
that the dosage in most experimental stud- 
ies was much greater than used therapeuti- 
cally. Also, since the longer the duration 
and higher the dosage of propranolol ther- 
apy, the higher the incidence of depression," 
it is possible that our chronic experiments 
(10 days) were too short in duration to 
reveal the true depressant effect of pro- 
pranolol. 


Isoproterenol not having been reported 
to enter the CNS in significant quantities, 
it is hardly surprising that it did not affect 
MAC. In contrast, propranolol readily 
crosses the blood-brain barrier,?" causes in- 
hibition of the stimulatory effect of catechol- 
amines on carbohydrate and lipid metabo- 
lism,?!-?? but does not alter brain noradrena- 
line after acute or chronic administration.?* 
This uncertainty regarding the effect of 
propranolol on cerebral catecholamines pro- 
hibits any prediction of effect based on the 
known correlation between central amine 
reduction апа МАС,” and indeed, although 
propranolol increases sleeping time in rats 
and mice following chloral-hydrate adminis- 
tration, this effect is not correlated with 
changes in brain amine concentrations.?* 
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Corticosteroids are the most widely used drug in 
severe viral hepatitis despite the lack of proven efficacy. 


In this study 29 patients 


with severe acute viral hepatitis were randomly assigned to a placebo or a methyl- 
prednisolone group for a 16 week treatment period. Both groups were comparable in 
clinical findings, laboratory results and presence of bridging necroses on liver biopsy. 
Seven of 14 patients receiving methylprednisolone (initially 48 mg gradually tapered 
to 12-32 mg during the last six weeks of treatment) and 2 of 15 receiving placebo 
died. Although these mortality differences were not statistically significant between 
groups a deleterious effect of steroids is suggested by the increased mortality in 
patients treated with methylprednisolone. Furthermore as many as 4 patients devel- 
oped serious complications of steroid therapy during the study. In contrast, steroids 
are of proved efficacy in the treatment of chronic active hepatitis which is often 


associated with elevated immunoglobulins and autoimmune antibodies. 


The authors 


conclude that methylprednisolone did not improve the prognosis of severe acute viral 


hepatitis and may have produced a detrimental effect. 


(Gregory PB, Knauer CM, 


Kempson RL et al: Steroid therapy in severe viral hepatitis. A double-blind, randomized 
trial of methylprednisolone versus placebo. NEJM 294 :681-687, 1976) 
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Circulatory Responses and Halothane Concentrations During 
Gastric or Gallbladder Traction With and Without 
Neuromuscular Blockade 


ROBERT K. STOELTING, MD* 
CHRISTINE PETERSON, RN} 
JAMES A. MADURA, Мр 


Indianapolis, Indiana§ 


Systolic and diastolic blood pressures and heart 
rates did not change significantly and ven- 
tricular dysrhythmias did not occur during 
gastric or gallbladder traction in patients an- 
esthetized with N.O-halothane, with or with- 
out d-tubocurarine or pancuronium neuromus- 
cular blockade. 

Systolic and diastolic blood pressures and 
heart rates just before abdominal viscera trac- 
tion were less (p<0.05) in patients paralyzed 
with d-tubocurarine than with pancuronium 
despite similar arterial halothane concentra- 
tions. In contrast, these measurements in pa- 
tients without neuromuscular blockade were 


Q voren blood pressure decreases coinci- 

dent with intra-abdominal operative 
manipulations may represent autonomic ner- 
vous system reflex responses.! Presumably, 
splanchnic sympathetic afferent fibers are 
stimulated and subsequent efferent activity 
produces splanchnic vasodilation with asso- 
ciated circulatory changes.? Burstein? de- 
scribed a celiac plexus reflex characterized 
by decreased systolic blood pressure, nar- 
rowed pulse pressure, and unchanged heart 
rate as most likely to occur during gallblad- 
der or gastric operations. Circulatory re- 
sponses with abdominal viscera manipula- 
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similar to those during pancuronium paralysis 
despite significantly greater arterial halothane 
concentrations in the unparalyzed patients. 
The authors conclude that circulatory responses 
during gastric or gallbladder traction are clin- 
ically insignificant during N:O-halothane ad- 
ministration, with or without d-tubocurarine or 
pancuronium neuromuscular blockade. Intra- 
operative blood pressures and heart rates were 
influenced by the neuromuscular blocker chos- 
en. Neuromuscular blockade permitted anes- 
thetic maintenance with lower arterial halo- 
thane concentrations than when paralysis was 
not present. 


tion during N,O-halothane anesthesia have 
not been measured. Further, a speculated 
protective effect against autonomic nervous 
system reflexes by d-tubocurarine-produced 
autonomic ganglion blockade has not been 
documented.? 


This report demonstrates that circulatory 
changes in response to gastric and/or gall- 
bladder traction are minimal during N.O- 
halothane anesthesia with or without d-tubo- 
curarine (dTc) or pancuronium neuromus- 
cular blockade. However, the neuromuscular 
blocker choice did influence the intraopera- 
tive blood pressures and heart rates, while 
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lower maintenance arterial halothane con- 
centrations were present in paralyzed than 
in nonparalyzed patients. 


METHODS 


Twenty-seven chronically obese adults 
undergoing elective jejunoileal small bowel 
bypass operations were studied. All received 
morphine (6 to 10 mg) and scopolamine 
(0.4 to 0.6 mg) for preanesthetic medica- 
tion. Anesthetic induction was with thiamy- 
lal (300 to 500 mg) and succinylcholine to 
facilitate endotracheal intubation. Ventila- 
tion was controlled with a volume ventilator 
adjusted to maintain Расо, near 30 torr. 
Anesthetic maintenance was with 60% 
М„О-О„ and halothane. Halothane was de- 
livered from a Copper Kettle? vaporizer 
using systolic blood pressure as a guide for 
adjusting the vaporizer O. flow. Five min- 
utes before the anticipated skin incision, 10 
patients received 0.4 mg/kg of dTc and 10 
patients received pancuronium (0.08 mg/ 
kg). The remaining 7 patients received no 
neuromuscular blockers other than succinyl- 
choline to facilitate intubation. Blood pres- 
sure was recorded continuously from an 
intra-arterial catheter placed in the radial 
artery. Heart rate and cardiac rhythm were 
determined from lead 2 of the ECG. 


After the peritoneum was opened and be- 
fore placement of any retractors, a control 
blood pressure and ECG were recorded and 
arterial blood was obtained for Pao., Paco», 
pH, and halothane concentration. Vaporizer 
O. flow and diluent gas flows had been un- 
changed for at least 10 minutes. Halothane 
concentrations were converted to equivalent 
MAC values, assuming a halothane blood- 
gas partition coefficient of 2.4 and a halo- 
thane MAC for this age group equal to 0.76 
vol/100 ml.* Gastric traction was then ap- 
plied for 30 seconds with blood pressure and 
ECG recorded continuously during and for 
30 seconds after releasing the traction. When 
blood pressure and heart rate were again 
judged to be unchanging (3 to 5 minutes 
later) the same sequence was repeated with 
30 seconds of gallbladder traction in only 
the paralyzed patients. Skeletal muscle re- 
laxation was inadequate to permit gallblad- 
der traction in the patients without neuro- 
muscular blockade. Chronically obese pa- 
tients undergoing similar operations were 
chosen to permit the same surgeon to pro- 
vide the viscera traction in all patients. 


Data were analyzed by Student's t-test 
and p<0.05 considered statistically signifi- 
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cant. 'This study was approved by the Indi- 
ana University School of Medicine Clinical 
Research Committee. 


RESULTS 


All patient groups were similar with re- 
spect to age, weight, and preoperative blood 
pressure and heart rate (table 1). Control 
blood gases and pH were similar just before 
gastric traction, but arterial halothane con- 
centrations were significantly less in the 
paralyzed patients. Control circulatory 
measurements (systolic and diastolic blood 
pressure and heart rate) during anesthesia 
and just before gastric traction were signifi- 
cantly less in patients paralyzed with dTc 
than in patients not paralyzed or those 
paralyzed with pancuronium (table 2). 


Gastric traction did not significantly alter 
systolic and diastolic blood pressures or 
heart rates with or without competitive neu- 
romuscular blockade (table 2). Likewise, 
gallbladder traction did not produce signifi- 
cant circulatory responses in paralyzed pa- 
tients. No patient developed ventricular 
dysrhythmias. 


The initial gastric traction was applied 
39 + 4 minutes (mean + SE) after dTc ad- 
ministration and 40 + 3 minutes following 
pancuronium. Twitch response to ulnar 
nerve stimulation (Peripheral Nerve Stim- 
ulator) was completely abolished in these 
patients. Ulnar nerve stimulation showed no 
evidence of neuromuscular blockade just be- 
fore applying gastric traction in those pa- 
tients receiving only succinylcholine for 
intubation. 


DISCUSSION 

Blood pressure and heart rate did not 
change significantly and ventricular dys- 
rhythmias did not occur in response to gas- 
tric or gallbladder traction during N.O-halo- 
thane anesthesia. Speculation that autonom- 
ic ganglion blockade from dTc might attenu- 
ate circulatory responses to intra-abdominal 
manipulation could not be confirmed, since 
significant changes did not occur with or 
without neuromuscular blockade. 


Our findings are in contrast to those re- 
ported by Rocco and Vandam? describing 
arterial hypotension with or without brady- 
cardia in 55/68 patients in response to ma- 
nipulation of the abdominal viscera. How- 
ever, these authors reported that circulatory 
changes occurred most often with stimula- 
tion of the parietal peritoneum, while gas- 
tric or gallbladder traction, as in our study, 
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TABLE 1 
Comparative Patient Data (Mean + SE) 
No neuromuscular d-Tubocurarine Pancuronium 
blockade (n = 7) (n = 10) (n — 10) 
Preoperative 
Age 41 -- 8 38 + 3 37:9 
Weight, kg 137 + 10 133 + 14 118 + 11 
Systolic blood pressure, torr 145 + 9 138 + 4 135 + 4 
Diastolic blood pressure, torr 90+5 83 + 2 82+ 4 
Heart rate, bpm 85-24 9168 86+ 2 
Dose of competitive neuromuscular None 53 + 5 94+ 2 
blocker administered, mg 
Control measurements just before 
gastric traction 
Рао. (F10, = 0.4), torr 109 + 15 103 + 8 120 == 19 
Paco;, torr 32 + 4 35 + 2 33 + 2 
pH 7.42 + 0.02 7.44 + 0.02 7.49 + 0.02 
Arterial halothane, mg/100 ml 9:0 0.5 4.1 + 0.4* 5.0 + 0.4* 
Equivalent halothane MAC 0.62 0.28 0.34 


n = number of patients. 
*p<0.05 as compared with no neuromuscular blockade. 





TABLE 2 
Circulatory Responses to Gastric Tension (Mean + SE) 
Immediately before 30 seconds 30 seconds after release 
gastric traction gastric traction gastric traction 

Systolic blood pressure, torr 

No neuromuscular blockade 155 +7 147 + 5 158 + 8 

d-Tubocurarine 119 + 8* 108 +7 116+9 

Pancuronium 146 + 9 135 + 9 140 7 
Diastolic blood pressure, torr 

No neuromuscular blockade 102 +6 94+7 105 +7 

d-Tubocurarine 79 + 5* 70+ 5 76+7 

Pancuronium 88 +5 80+ 6 85 + 5 
Heart rate, bpm 

No neuromuscular blockade 76 + 5 TT 6 81+7 

d-Tubocurarine 61 + 5* 59 + 5 66 + 5 

Pancuronium 78 + 5 75+ 6 82 +5 


*p<0.05 compared with measurement in patients without neuromuscular blockade. 


frequently produced no circulatory changes. Anesthetic agents may influence autonom- 
Nevertheless, Smith? reported 10 instances ic nervous system reflex activity. For exam- 
of celiac plexus reflex responses, occasion- ple, Briscoe and Millar? reported that cyclo- 
ally accompanied by an unobtainable blood propane, diethyl ether, and halothane im- 
pressure, during gastric or gallbladder trac- paired sympathetic ganglion transmission. 
tion. However, the role anesthetic agents may 
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have exerted on circulatory responses to 
abdominal viscera manipulation in our 
study or in previous reports^" cannot be 
determined. 


Despite similar arterial halothane concen- 
trations, control systolic and diastolic blood 
pressures and heart rates were significantly 
less in patients paralyzed with d'Tc than in 
patients paralyzed with pancuronium. In 
addition, a significantly greater mainten- 
ance arterial halothane concentration was 
necessary to prevent movement during oper- 
ation in unparalyzed patients. For example, 
greater than 1 MAC (about 0.5 MAC N.O 
plus 0.62 MAC halothane) was present in 
unparalyzed patients, while less than 1 
MAC (from the combined effects of N.O 
plus halothane) was present in paralyzed 
patients. Even with the higher halothane 
concentrations, the intraoperative blood 
pressures tended to be greater than awake 
values in unparalyzed patients. 


It is tempting to speculate that surgical 
stimulation was responsible, but it must be 
remembered that stimulation was similar in 
patients paralyzed with d'Tc and at lower 
halothane concentrations. Further, blood 
pressure measurements during pancuronium 
paralysis were also near the awake levels, 
but the arterial halothane concentrations 
were significantly less than in unparalyzed 
patients, being near those concentrations 
present during dTc paralysis. We conclude 
that this is evidence that the choice of neu- 
romuscular blocker, as previously suggested,“ 
may influence cardiovascular status during 
operation. Further, neuromuscular blockade 
permits maintenance of anesthesia with 
lower arterial halothane concentrations than 
when paralysis is not present. 


Whether similar circulatory differences 
between dTc and pancuronium would be 
present with smaller doses of these drugs or 
lesser degrees of neuromuscular blockade 
cannot be stated. All our patients were obese, 
and calculation of neuromuscular blocker 
dose on the basis of body weight (mg/kg) 
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resulted in large single-dose administration 
of dTc (average 53 mg) or pancuronium 
(average 9.4 mg). This produced a neuro- 
muscular blockade characterized by no vis- 
ible twitch response to ulnar nerve stimula- 
tion about 40 minutes later when the anes- 
thetic concentration and circulatory meas- 
urements were determined. 


If lower blood pressure during dTc paral- 
ysis reflects autonomic ganglion blockade, 
it is conceivable that smaller dTc doses 
would have produced less ganglion blockade 
and subsequent blood pressure decrease. As 
pancuronium produces little autonomic 
ganglion blockade, this should not be a 
consideration with the doses used in this 
study." 


REFERENCES 


1. Burstein CL: Fundamental Considerations in 
Anesthesia. Second edition. New York, The Mac- 
millan Company. 1955, pp 71-83 


2. Cooperman LH: Effects of anaesthetics on the 
splanchnic circulation. Br J Anaesth 44:967-970, 
1972 


3. Burstein CL: Reflexes and curariform drugs 
(Questions and Answers). Anesth & Analg 41:79-80, 
1962 


4. Saidman LJ, Eger EI II, Munson ES, et al: 
Minimum alveolar concentrations of methoxyflurane, 
halothane, ether and cyclopropane in man: correla- 
tion with theories of anesthesia. Anesthesiology 
28:994-1002, 1967 


5. Rocco AG, Vandam LD: Changes in circula- 
tion consequent to manipulation during abdominal 
surgery. JAMA 164:14-18, 1957 


6. Smith BH: Nature and treatment of ccelic- 
plexus reflex in man. Lancet 2:223-227, 1953 


7. Briscoe TJ, Millar RA: The effect of cyclo- 
propane, halothane and ether on sympathetic gang- 
lionic transmission. Br J Anaesth 38:3-12, 1966 


8. Churchill-Davidson HC: A philosophy of re- 
laxation. Anesth & Analg 52:495-501, 1973 


9. Buckett WR, Marjoribanks CEB, Marwick 
FA, et al: The pharmacology of pancuronium 
bromide (ORG NA 97), a new potent steroidal 
neuromuscular blocking agent. Br J Pharmacol 
32:671-682, 1968 


392 


ANESTHESIA AND ANALGESIA . 


- - Current Researches Vor. 55, No. 3, May-J UNE, 1976 


Laryngotracheal Residue During Endotracheal Anesthesia 
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Te liquid residue may accumulate in 
the space between the cuff of the endo- 
tracheal tube and the larynx during general 
anesthesia has long been recognized in prac- 
tice. A question arises, however, as to the 
amount of this matter that may remain in 
the trachea before extubation at the end of 
a surgical procedure. The present study was 
conducted to investigate, by the process of 
laryngotracheal toilet, the amount of such 
matter found in various clinical situations. 


MATERIALS AND METHODS 


Subjects were 83 unselected patients un- 
dergoing anesthesia for elective surgery. All 
were between 17 and 25 years of age and in 
ASA physical status I, II, or III. Patients 
were divided into 3 groups according to the 
operative position in which they were placed. 
All patients received IM 0.5 mg of atropine 
sulfate in conjunction with a sedative or 
narcotic 1 hour before operation. Sodium 
thiopental and succinylcholine were used to 
facilitate induction and intubation. Anes- 
thesia was maintained with either N.O, 
Innovar", and muscle relaxant or enflurane 
and N.O, with or without muscle relaxant. 
Respiration was assisted or controlled 
throughout. 


The specially designed endotracheal tube 
(figure) was tested in 20 patients. After the 
tip of the endotracheal tube was passed be- 
yond the vocal cord under direct laryngos- 
copy and the fluted proximal cuff was in- 
flated, the tube was advanced until the dis- 
tal margin of the inflated fluted cuff sat on 
the larynx tightly. Then the distal cuff was 


* Assistant Professor. 


tAssociate Professor. 


; 


W — SUCTION CATHETER 





FIGURE. Combined 8 Portex endotracheal tube 
and suction catheter (12 French). Fluted cuff is 
inserted over endotracheal tube. 


inflated and the tube was secured. Finally, 
the fluted cuff was deflated completely and 
the inflating tube was clamped to prevent 
self-inflation of the fluted cuff. 


After the tube had been secured following 
intubation, an average of 2.4 + 0.2 ml of 
normal saline solution was injected through 
the aspiration device on the endotracheal 
tube into the laryngotracheal space. The 
normal saline injected was aspirated imme- 
diately, and the volume recovered by this 
maneuver was measured. At the end of the 
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TABLE 
Volume of Laryngotracheal Toilet During Endotracheal Anesthesia 
(Mean = SE) 
d E M —— 
erint Volime, tl pe values 
Position Ѕиріпеа 31 1:38:52 0:8 
Trendelenburgb 32 0.2 + 0.0 «0.001 
Sittinge 20 2.2 + 0.3 <0.002 
Sex Male 40 1.6 + 0.2 <0.001 
Female 43 0.7+ 0.1 





*p: probability by t-test. 
Average operation time: a - 152 — 13 min 
b - 125 — 11 min 
c - 183 € 25 min 


operation, the fluted proximal cuff was  lacerated oropharyngeal mucosa. The differ- 
again inflated to obstruct the larynx from ences in the amounts found in the 3 differ- 
the oral cavity. ent positions studied may be primarily due 


Laryngotracheal toilet was performed by to the gravity effect. 


means of suctioning the liquid matter into Metha! has suggested placement of the 

a Luken's tube and the volume measured. cuff just beyond the true vocal cord in order 

Student's t-test was used for statistical anal- to eliminate this potential space in the 

ysis of variance. trachea. He has also suggested tilting the 

operating table 10? head-down while suction 

Е RESULTS is being applied through the endotracheal 

Тһе OR Pene onde ers tube tube to perform laryngotracheal toilet. 

recovere .69 o e saline solution in seb А 

the 20 patients tested with this device. No Due 4 bek P s jeu e eras 

liquid residue was obtainable in 16 of the liquid matter from ihe rush REA thiet 

m Пеон ба = е рн ар ч close the expiratory valve of the anesthesia 

3 í 2 4 circuit, kink the cuff inflating tube, and 

е “^зе ое eer. bs remove the clamp. (2) Inflate the lungs by 

proup: S Б ө Аус 34е a hard squeeze on the reservoir bag; the 


(p«0.001) in this group was significantly cuff inflating tube is then released and the 


е cup ee sea v] раа e эе endotracheal tube is rapidly removed. The 
Eco ary ү ý lungs deflate forcefully as the tube is re- 


"im MIS ое int jj Tina arae moved and the liquid matter in the upper 
ee ee nae en average о part of the trachea is expelled into the 

2.2 + 0.3 ml, which was about 60%, more mouth 

than the supine group, a statistically signifi- | , ^ 

cant difference (p<0.02) (table). Such an endotracheal tube with an air- 

Ld М : way aspiration device as described for the 

in cmi ани AE BEAUTY ce brem present study can be useful during routine 
лер еее VERDE VZD) (рей: ! endotracheal anesthesia for laryngotracheal 

demonstrated larger volumes than women 


(0.7 + 0.1 ml). Neither duration of opera- toilet prior to extubation. 
tion nor type of anesthetic showed statisti- 
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Butorphanol and Morphine: A Double-Blind Comparison 
of Their Parenteral Analgesic Activity 
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The analgesic effects of butorphanol tartrate 
and morphine sulfate were compared in 127 pa- 
tients judged to have moderate to severe pain 
following major operations. The study was 
double-blind, and the drugs were given IM at 
several dosage levels. Scores for pain intensity 
and relief, as well as pain-intensity difference, 
were determind at 30, 60 and 120 minutes after 
medication, then were analyzed by a parallel- 
line assay method in a modified computer pro- 
gram. The analysis indicated butorphanol tar- 


О“ the years, a major objective of anal- 

gesic research has been to obtain an 
agent which retains the desirable analgesic 
property of morphine, has limited or no lia- 
bility for producing physical dependence 
and can be totally synthesized without de- 
pendence on a supply of opium. Synthetic 
analgesics have been potent but they have 
also been highly addictive. 


When it was observed that nalorphine, a 
narcotic antagonist, was also an effective 
analgetic,! a series of benzomorphans with 
concomitant analgesic and narcotic antagon- 
ist properties were synthesized.??- The 
theoretical consideration that a molecule 
with both analgesic and narcotic antagonist 
properties would have a reduced liability for 
drug dependence proved correct, but psy- 
chotomimetic effects, occurring at or near 
therapeutically effective analgesic doses, 
added another dimension to the problem. In 
addition, usable agents were relatively weak 
analgesics compared to morphine.^ 


trate to be 7 times as potent as morphine sul- 
fate. Peak analgesic effects were obtained at 
60 minutes with both drugs. Side effects were 
minimal in degree and incidence. Neither butor- 
phanol nor morphine induced any changes in 
blood pressure, pulse rate, or respiratory rate. 
These data, along with those from studies else- 
where, suggest that butorphanol is a safe, po- 
tent, and effective analgesic agent, with prob- 
ably a low potential for inducing drug depend- 
ence. 


Recently, Monkovic's group*-7 reported 
the total synthesis of butorphanol which is 
levo-N-cyclobutylmethyl-3,14-9dihydroxy- 
morphinan (fig 1). Studies with this com- 
pound in laboratory animals demonstrated 
analgesic potency greater than morphine 
sulfate, narcotic antagonist activity equiva- 
lent to nalorphine,*? a potent antitussive 
effect," and an indication that its physical 
dependence liability was of a low level.?.!! 
Data from studies conducted at the Addic- 
tion Research Center in Lexington, Ken- 
tucky, indicate a low physical dependence 
liability for butorphanol in human sub- 
jects.!? 


After butorphanol’s safety and accepta- 
bility had been determined in normal volun- 
teers and analgesic efficacy had been dem- 
onstrated in an open pain study, a compari- 
son of butorphanol tartrate and morphine 
sulfate with respect to analgesic potency 
and incidence of side effects was undertaken 
as a double-blind study in postoperative 
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Fic 1. Structural formulas of butorphanol, mor- 
phine, pentazocine, and cyclazocine. 


patients suffering moderate to severe pain. 
The results of this study are reported here. 


METHODS AND MATERIALS 


With an informed consent obtained in all 
instances, 127 patients meeting the investi- 
gative criteria were admitted to the study 
program. The men and women in the series 
were all adults judged able to evaluate and 
communicate their pain sensations. Preg- 
nant individuals were not included, nor 
were patients with current or prior renal, 
hepatic, or hematologic disorders or a his- 
tory of tolerance or addiction to narcotic 
drugs. Most of the patients had undergone 
major surgical procedures, including hyster- 
ectomy, laparotomy, hernia repair and arth- 
roplasty. 


The five groups were reasonably well bal- 
anced with respect to age, sex, weight, and 
intensity of initial pain (table 1). In all 
groups except that receiving the lowest dose 
of butorphanol, the distribution of female to 
male participants was about 2 to 1. The 
intensity of initial pain was predominantly 
rated severe in all groups. 


Preoperative medication consisted of atro- 
pine or a combination of atropine and pen- 
tobarbital. Postoperatively, the experimen- 
tal treatment consisted of single IM doses 
of either butorphanol tartrate at 0.73 mg 
(0.6 mg base), 1.46 mg (1 mg base), or 
2.92 mg (2 mg base), or morphine sulfate 
at 5 mg or 10 mg. The test drugs were pro- 
vided in identical vials* which were num- 
bered consecutively and assigned to the pa- 
tients in the order of their entrance into the 
study. 





*Prepared and randomized as to drug and dose by 
Bristol Laboratories, Syracuse, New York. 
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Test agents were evaluated postsurgically 
in the recovery room. When the patient was 
alert enough to complain of pain, the de- 
gree was graded as 1=slight, 2=moderate, 
or 3=severe. Patients complaining of mod- 
erate or severe pain were assigned a patient 
number and then given an IM injection of 
1 ml of the contents of the vial with the 
corresponding number. 


After medication, close surveillance of the 
patient was maintained for a period of 5 
hours. At 0.5, 1 and 2 hours following medi- 
cation, the degree of pain was recorded and 
the degree of relief evaluated (0—no relief, 
l-slight, 2— moderate, 3=good, and 4= 
complete). The difference between group 
mean scores initially and at each point of 
evaluation provided an additional index to 
drug effectiveness and was designated the 
pain intensity difference (PID). Blood pres- 
sure, pulse rate, and respiratory rate were 
determined each time the pain was evalu- 
ated. During the 5-hour period, it was left 
to the discretion of the investigator whether 
additional pain medication would be given 
at the patient’s request. 


On completion of the study, all the infor- 
mation was tabulated, the medication was 
decoded, and the data were analyzed. 
Summed values examined included (1) pain 
scores, (2) pain relief scores, (3) pain in- 
tensity differences. These were analyzed by 
a modified computer program for the paral- 
lel-line assay method as described by 
Finney'® and others.!! Analysis included 
(1) variance, (2) linear dose-response re- 
gressions, and (3) an estimate of butor- 
phanol tartrate potency in relation to that 
of morphine sulfate. 


RESULTS 


Nine patients received additional medica- 
tion during the primary 2-hour observation 
period; for purposes of statistical analysis, 
these patients were assigned pain intensity 
and relief scores of 3 (severe) and 0 (none), 
respectively. Omitted from statistical analy- 
sis was one patient ( No. 31), receiving 2.92 
mg of butorphanol, who, because of sleepi- 
ness and difficulty in breathing, was given 
0.2 mg of naloxone intravenously 20 minutes 
after the initial medication. Also excluded 
from the analysis were patients No. 38, 91 
and 101, who did not receive medication be- 
cause these test vials had either been broken 
or inadvertently discarded. 


The mean values for blood pressure, 
pulse, and respiratory rate recorded during 
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the two-hour period following medication 
showed no statistically significant changes 
within or between any of the 5 treatment 
groups. The means and standard errors of 
the various scores related to pain are listed 
in table 2 and graphically presented in fig- 
ures 2, 3 and 4. 


The response obtained with the 0.73 mg 
dose of butorphanol tartrate was significant- 
ly less than the responses to the two higher 
doses, 1.46 and 2.92 mg, but the latter doses 
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did not significantly differ from each other. 
Also, the low dose of morphine sulfate was 
significantly less effective than the high 
dose. Thus, the sensitivity of this method 
for determining analgesic activity and dif- 
ferentiating between doses was evident. 


With respect to relative potency, there 
was no statistical difference between 0.73 mg 
butorphanol tartrate and 5 mg morphine 
sulfate, or between 1.46 or 2.92 mg butor- 
phanol tartrate and 10 mg morphine sulfate. 


MEAN PAIN INTENSITY 


3 (MEAN + 


PAIN INTENSITY SCORE 


0 5 1 





S E.) 


Q BUTORPHANOL TARTRATE 


© MORPHINE SULFATE 


0.73eg (0.5mg BASE ) 


Smg MS 


Юта MS. .8. 


1.46mg ( Img BASE ) 
2,92mg (2mg BASE) 


14 2 


HOURS AFTER ADMINISTRATION 


Fic 2. Mean pain intensity in response to butorphanol tartrate and morphine sulfate. Note that 0.73 
mg butorphanol tartrate appears equivalent to 5 mg morphine sulfate and that 1.45 mg and 2.92 mg 
butorphanol tartrate appear slightly greater than 10 mg morphine sulfate. These data support the con- 


clusion that butorphanol tartrate is 7 


times as potent as morphine sulfate. 


MEAN PAIN INTENSITY DIFFERENCE 


MEAN = 


PAIN INTENSITY SCORE 


0 2 з 





SE 


292mg (2mg BASE 
1.46mg | Img BASE 


0.73mg (0.5mg BASE ) 


© BUTORPHANOL TARTRATE 


О MORPHINE SULFATE 


2 


HOURS AFTER ADMINISTRATION 


Fic 3. Mean pain intensity difference in response to butorphanol tartrate 


and morphine sulfate. The 


data indicate a butorphanol tartrate: morphine sulfate potency ratio of 7:1. 
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MEAN PAIN RELIEF 


MEAN + SE 


2.82 (2mg BASE 
L45mg ( Img BASE 


lu] 


Sng 


0.73ag (0.5mg BASE 


O BUTORPHANOL TARTRATE 


О MORPHINE SULFATE 


2 


HOURS AFTER ADMINISTRATION 


Fic 4. Mean pain relief scores in response to butorphanol tartrate and morphine sulfate. These data 
provide further support for а 7:1 butorphanol tartrate: morphine sulfate potency ratio. 


When the parallel-line assay method was 
applied to the sums of pain intensity, pain- 
intensity difference, and pain relief, suffi- 
cient linearity and parallelism were ob- 
tained to validate the use of this method. 
The sum of pain intensity proved to be the 
most reliable for estimating relative milli- 
gram:milligram potency of the two agents. 
Calculations indicated that butorphanol tar- 
trate was seven times as potent as morphine 
sulfate as an analgesic agent. 


The incidence and type of side effects 
were not remarkable (table 3). With butor- 
phanol, the predominant side effect was 

Г drowsiness; there were two instances of nau- 
sea. Results with morphine sulfate were 
similar. The number of side effects reported 
was so minimal that statistical evaluation 
was not warranted. 


DISCUSSION 

The clinical measurement of pain and its 
relief constitutes a difficult area of research. 
Attempts at measurement are strongly influ- 
enced and complicated by personal and en- 
vironmental factors as well as by extenuat- 
ing physical or psychological circumstances. 
These variables make it difficult to obtain 
a study population sufficiently homogeneous 
for a comparative analgesic bioassay. In the 
study described above, the test groups were 
relatively homogeneous as indicated by the 
vital statistics (table 1) and the definite 
responses to medication. Statistically sig- 
nificant differences in effectiveness were 
established between the low and high doses 
for each of the test drugs. 


However, variability associated with bio- 
logical response and with uncontrollable 


TABLE 3 


Summary of Incidence and Type of Side Effects Reported 
LLL S nca RAM Ei nM АНОН ААА 5] eC RETRO. Y ИЫН 


Butorphanol tartrate 
0.73 mg (0.5 mg base) 


Butorphanol tartrate 
1.46 mg (1 mg base) 


Butorphanol tartrate 
2.92 mg (2 mg base) 


Morphine sulfate 
5mg 


Morphine sulfate 
10 mg 





Side effect VW hr ] hr 2 hr 
Sleepy 1 -> — 
Drowsiness/sleepiness, 1 1 
nausea — — 1 
Drowsiness/sleepiness, 3 4 2 
nausea — — 1 
Drowsiness/sleepiness, — 2 2 
nausea — i 
Nausea 1 1 £ 
Nausea and vomiting — — 1 
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factors within a test population always in- 
fluences biologic assays. The fact that the 
two larger doses of butorphanol tartrate did 
not differ significantly from each other does 
not necessarily indicate a ceiling effect, but 
is more likely a reflection of biologic vari- 
ability and the close interval between doses. 
In a similar study by Dobkin, the same 
low and mid doses of butorphanol did not 
differ statistically over the entire two-hour 
observation period, but they were effective 
analgesic doses and the effects were distin- 
quishable at the half-hour interval. A more 
recent study by the same investigators dem- 
onstrated dose-related responses at 1 mg, 
2 mg and 4 mg of butorphanol tartrate, with 
the largest dose affording almost complete 
relief of pain.!^ 


Data from our study suggest that in pro- 
viding relief from pain (table 2 and fig 2-4), 
the low doses of butorphanol and morphine 
were approximately equivalent, and that 
either the mid or the high dose of butor- 
phanol was approximately equivalent to the 
high dose of morphine sulfate. Because of 
the variables noted above, the latter rela- 
tionship is open to question. 


Dobkin!? reported this same magnitude 
of potency difference as we found (7:1) be- 
tween butorphanol tartrate and morphine 
sulfate. Possibly, when the dose intervals 
with butorphanol tartrate and the size of 
the test population are expanded, 1.46 mg 
will approximate 10 mg morphine sulfate, 
and larger doses of butorphanol will exceed 
this in effectiveness. 


Following IM administration, all doses of 
butorphanol tartrate achieved maximal ef- 
fects within one hour (fig 2-4), and in each 
instance this maximal level was maintained 
to two hours, the last observation period for 
which a score was determined. With mor- 
phine sulfate, the effect of the 5 mg dose 
seemed more pronounced at the latter point 
than 0.73 mg of butorphanol tartrate. AI- 
though duration of effect was not an objec- 
tive of this study, the data suggest that 
butorphanol effects probably last about as 
long as those of morphine sulfate. 


At the doses used, neither butorphanol 
nor morphine induced any changes in vital 
signs or any significant side effects ( table 3). 
Although respiratory depression is known 
to be associated with morphine, no such 
effect was observed with either butorphanol 
or morphine in our study. 


Since the respiratory effect of morphine 
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and butorphanol was not the subject of this 
study, no blood gas determinations or pul- 
monary volume measurements were made. 
Only the respiratory rate was counted. How- 
ever, our impression to date is that butor- 
phanol tartrate will prove to have only a 
limited depressant effect on respiration. 
More significant is the observation that the 
definitely analgesic doses of butorphanol in 
this study gave no evidence of causing men- 
tal aberration. 


Currently available information thus in- 
dicates that butorphanol tartrate is a safe, 
potent, and effective analgesic agent with 
minimal undesirable side effects. If the ex- 
pectation of minimal liability for producing 
physical dependence is fulfilled, this drug 
should find an important place among the 
analgesic agents now in use. 
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TRACHEAL TUBE POSITION. Movement of an endotracheal tube may occur with 
changes in head position. The authors investigated tube position in the trachea by 
radiographs taken in the semisitting position with the head flexed, extended or laterally 
rotated. Twenty adult patients intubated orally or nasally with an 8.0 mm endotracheal 
tube were studied. The tube moved a similar distance regardless of the route of 
intubation or status of cuff inflation. The distal end of the tube moved an average 
of 1.9 cm toward the carina with head flexion from a neutral position, 1.9 ст away 
from the carina with extension and 0.7 em away with lateral head rotation. The carina 
was noted to move in the same direction as the tube thus minimizing the apparent tube 
to carina movement. These data suggest that inadverent extubation or endobronchial 
intubation could occur with the extremes of head movement from a neutral position. 
Head position should be considered when evaluating distal tube position in the trachea 
with chest radiographs. (Conrardy PA, Goodman LR, Lainge F et al: Alteration of 
endotracheal tube position. Flexion and extension of the neck. Crit Care Med 4:8-12, 


1976) 
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Nitrous Oxide Encephalography: 
5-Year Experience with 475 Pediatric Patients 
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EDWARD LOESER, MD: 
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Salt Lake City, Utah | 


475 pediatric patients with a variety of neuro- 
logic conditions were subjected to encephalog- 
raphy, using N.O as the contrast medium and 
N.O-halothane as anesthetic agents. This tech- 
nic is both safe and effective, as reflected by 


A "120 of gas physics and pharma- 
cokinetics is essential for safe anes- 
thetic administration, and the dangers asso- 
ciated with the use of high concentrations 
of N.O have received the attention of many 
authors. Saidman and Eger! warned that, 
during N.O anesthesia, this gas may diffuse 
into entrapped air spaces and result in in- 
creased volume and/or pressure. They also 
suggested that use of N,O as a contrast 
medium during pneumoencephalography 
(PEG) might prove advantageous to the 
patient, provided the same gas was used for 
general anesthesia. Munson? has warned 
that small air emboli may expand into larger 
bubbles during N.O anesthesia. 


By recognition of these characteristics of 
N.O, we have attempted to provide patients 
undergoing gas PEG with a measure of op- 
erative safety, pain relief, and postoperative 
comfort not previously afforded with other 
modalities. 


The technic described is unique in that 


* Associate Clinical Professor. 
TAssistant Clinical Professor. 


Instructor. 


no mortality and satisfactory roentgenograms. 
By application of the principles of gas physics, 
postoperative discomfort has been greatly re- 
duced, resulting in a more comfortable con- 
valescence and earlier discharge. 


a major reason for administering general 
anesthesia is not only to provide intra- 
operative pain relief, but to reduce post- 
operative discomfort. 


METHOD 
Observations were made on 538 pediatric 
patients subjected to PEG. Of these, the 
contrast medium was №0 in 475 and air 
in 63. Patients with known increased intra- 
cranial pressure were examined by ventricu- 
lograms. 


Infants up to 1 year of age received only 
atropine premedication, 0.02 mg/kg, just 
before the procedure. Older children re- 
ceived 2.2 to 4.4 mg/kg of hydroxyzine or 
0.02 mg/kg of diazepam orally 4 hours pre- 
operatively, followed by 2.2 to 6.6 mg/kg 
of pentobarbital or secobarbital 1 to 2 hours 
preoperatively and atropine. [We tended to 
omit the heavier premedication during the 
last 200 patients in the study, to have the 
children awake at the conclusion of the 
procedure. | 


3Director, Birth Defects Clinic, Primary Children's Medical Center. 
Department of Anesthesiology, Primary Children's Medical Center, University of Utah, Salt Lake City, 


Utah 84103 
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Fic 1. A. Sterile gas filter. B. Reservoir bag. C. Special N.O flowmeter and outlet. 


Anesthesia was induced with N.O-O. 
(70:30) and 1% to 4%, halothane in all pa- 
tients and maintained by 0.25% to 1.0% 
halothane-N.O-O, in N.O-medium patients 
at the lightest level possible. In patients giv- 
en air as the contrast medium, anesthesia 
was maintained with halothane and O., 
without N.O. The vocal cords and trachea 
were sprayed with 4% lidocaine at a light 
level of anesthesia for endotracheal intuba- 
tion. Respirations were controlled in most 
patients during the study period. 


Blood pressure was monitored in all pa- 
tients by the standard cuff technic and heart 
sounds by esophageal or precordial stetho- 
scope. The legs were wrapped with elastic 
bandages prior to placement of the child in 
the sitting position. 


Lumbar puncture and intrathecal gas in- 
stillation followed the usual sterile precau- 
tions. Opening pressures were determined 
at the level of the inion in the sitting posi- 
tion, usually 15 to 20 minutes after induc- 
tion of anesthesia. The N.O from а spe- 
cially modified anesthesia machine (fig 1) 
was delivered into a reservoir bag, through 
a gas filter and into a sterile syringe. The 
cerebrospinal fluid (CSF) pressure was 
checked before withdrawal of the lumbar 
puncture needle, after the radiologist esti- 
mated that roentgenograms showed suffi- 
cient ventricular gas, and the total amount 
of gas injected and CSF removed was re- 
corded. Patients were then placed supine 


and wrapped in a warming mattress main- 
tained at 38°C. Nine radiographic films 
were taken by the usual PEG methods and 
body positions. In N.O contrast medium 
patients the anesthetic administration was 
continued with 65% to 75% N.O and halo- 
thane, until the attending physician deter- 
mined that the roentgenograms were satis- 
factory. On completion of the examination, 
and after return to spontaneous ventilation, 
patients were extubated and taken to the 
recovery room. O. was given by face mask 
for the following hour. 


Roentgenograms for gas persistence in the 
ventricles were taken on 10 randomly se- 
lected cases at 15 minutes, 1 hour, and 4 
hours after anesthesia in N.O-contrast pa- 
tients. 


Assessable patients 6 years old and over 
were evaluated for the presence and sever- 
ity of headaches over a 5-day post-PEG 
period. Since the evaluation of headache is 
largely subjective by the observer as well as 
the patient, it was felt important that the 
study not influence the observer. All obser- 
vations noted on the chart by the nurses 
were their own comments, as were their eval- 
uations of the presence and severity of head- 
aches. A headache was recorded as severe if 
the patient was essentially incapacitated, 
moderate if the child preferred to remain in 
bed except for toilet privileges, and mild if 
the child was up and about but complained 
of headache. Assessable patients were those 
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Fic 2. Subdural gas (left) clears promptly (right) when the anesthetic М.О is discontinued. 


not going to surgery or for other tests re- 
quiring sedation or anesthesia within the 
study period. 


As hospital discharge is a definite end- 
point, an analysis of the time from the PEG 
to hospital release was made in patients re- 
ceiving no further procedures or tests. Anes- 
thetic records and hospital charts were re- 
viewed for neurologic and anesthetic compli- 
cations. Emesis was tabulated from nursing 
notes. 

RESULTS 

The table summarizes headache incidence 
and duration in patients 6 years of age and 
older. There were no incapacitating or se- 
vere headaches in patients where N.O was 
the contrast medium, while 44% of air-con- 
trast patients had a severe headache at 1 
day. The severe headaches with air-contrast 
studies lasted up to 4 days in 1 patient, but 
were usually decreasing at 2 days. 


Although nearly half of the 437 patients 
vomited within the immediate postanes- 
thetic period, all but 3% of the N.O-con- 
trast patients were no longer vomiting at 24 
hours, and no N.,O-contrast patients vomited 
at 48 or 72 hours, while 5% of air patients 
still vomited at 72 hours. 


Of 274 patients whose records were ana- 
lyzed for time of hospital discharge, all the 
N.O-contrast patients (п= 255) went home 
by 96 hours while only 74% of 19 air-con- 
trast patients were so fortunate. At 144 
hours, 5% of the air-contrast group were 
still in the hospital. 


Of the total 475 patients given N.O, radi- 
ologic results were considered satisfactory 
by the pediatric roentgenologist in 93%, 
compared with 81% satisfactory results in 
the 63 air-contrast patients. In the N.O 
group, 6.8% of the films were technically 
unsatisfactory, while 17.497, in the air-con- 
trast group were so classified. An examina- 
tion was listed as technically unsatisfactory 
if spinal tap did not produce CSF, the con- 
trast gas did not reach the cerebral ventri- 
cles in quantity sufficient for good films, or 
excessive contrast gas in the subdural space 
obscured other structures. The only N.O- 
contrast PEG with poor films resulted from 
operative depletion of an N.O cylinder and 
subsequent loss of ventricular N.O. Nitrous 
oxide injection ranged from 2-4 times the 
amount of CSF removed. The usual dura- 
tion of anesthesia was 1!4 hours. 


TABLE 


Incidence of Headache in 139 Children 
Undergoing N20 Encephalography 
(Ages 6 Years and Over) 





Contrast gas 


N:O (n = 121) Air (n — 18) 
Head- Mild Severe Mild Severe 
ache (percent) (percent) 
Hours post-EEG . 
24-36 25 0 45 44 
48 9 0 22 39 
12 1 0 33 11 
96 0 0 16 6 
120 0 0 ih 0 
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Fic 3. In the majority of cases x-rayed N.O in the ventricles was almost completely gone by 15 min. 
postexamination. 


X-rays on 10 patients taken for persist- 
ence of ventricular contrast gas revealed 
that only minimal gas remained at 15 min- 
utes after cessation of the N.O anesthetic 
(fig 3). Our N.O medium infants showed 
minimal postoperative symptomatology but 
a temperature spike at 4 to 8 hours was not 
uncommon. 


There were no fatalities in our series of 
538 examinations and no neurologic com- 
plications. Operative complications includ- 
ed: (1) 6 cases of marked bradycardia, one 
of which resulted in a severe but rapidly re- 
versible hypotension; (2) 3 patients (in- 
cluding the preceding) with severe hypo- 
tension, which occurred when the patient 
was placed in the sitting from the supine 
position; (3) 2 cardiac arrests, one follow- 
ing an inadvertent extubation and one in 
whom the exact cause was not identified 
but felt due to excessive anesthetic concen- 
trations. (Both patients were resuscitated 
and recovered uneventfully.); (4) 8 extu- 
bations with reintubation accomplished 
without incident (except in [3] above). 


Postoperatively, 18 patients developed 
croup. 
DISCUSSION 
The technic of using a gas to visualize 


the ventricular system has been used for 


over 57 years. The instillation of 20 ml of 
air causes an acute reaction in the awake 
patient; headache, pallor, sweating, brady- 
cardia, hypotension, nausea and vomiting 
occur with varying severity. The examina- 
tion requires pain obtundation, and the re- 
sulting depression can easily result in air- 
way obstruction and hypoxia. In adults, 
local or sedation is usually satisfactory. 
Children, because of their temperment, re- 
quire heavy sedation or general anesthesia. 
Well-managed general endotracheal anes- 
thesia will eliminate airway obstruction and 
is recommended by textbooks of pediatric 
anesthesia.?* In addition, while ketamine 
or neuroleptanesthesia may be effective op- 
eratively, they do not concern themselves 
with the postoperative morbidity. Our tech- 
nique, with administration of general anes- 
thesia, not only provides intraoperative pain 
relief but also reduces postoperative dis- 
comfort. 


After the completion of air encephalogra- 
phy, most patients experience headache and 
nausea for a day or more, and air may re- 
main in the ventricles for a week or longer. 
A temporary sterile meningitis develops, 
with a fever spike at 4 to 8 hours and an 
increase in protein and cell count lasting 
2 to 3 days. 
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'To find a better contrast gas medium than 
air, Aird? injected N.O for dog encephalo- 
grams under local anesthesia, demonstrating 
its safety and showing total absorption with- 
in 1 hour. Newman, also using local anes- 
thesia, injected N,O in humans undergoing 
encephalography but the N.O diffused too 
rapidly from the ventricles for satisfactory 
roentgenograms. Since both Aird and 
Newman found cerebrospinal reactions with 
N.O to be similar to those with air, we did 
not do routine postencephalogram lumbar 
punctures to establish the safety of N.O 
by the lumbar route. We did, however, add 
the use of a bacterial filter to assure sterility 
in the examination. 


We have carried Newman's study a step 
further by using N.O for both general anes- 
thesia and as the contrast medium. Since 
10095 N.O is injected as the contrast gas 
and since only 65% to75% N.O is admin- 
istered in the anesthetic mixture, a pres- 
sure decrease would be expected after the 
injection because of the slightly greater 
partial pressure of N.O in the ventricles than 
in the blood and brain. We found it neces- 
sary to inject 2 to 4 times as much N.O as 
the contrast gas as would have been used 
with air as the contrast gas. In no case did 
the closing pressure reach a higher level 
than the opening pressure. As long as N.O 
was continued in the anesthetic mixture in 
65%, or greater concentrations, sufficient gas 
remained in the ventricular system for sat- 
isfactory roentgenograms. 


Smith and Crothers,* reviewing 80 PEG 
procedures in children <2 years of age, 
found subdural gas in 7095. Many of these 
infants had stormy postinjection courses, 
relieved promptly by puncture of the sub- 
dural space and gas withdrawal. With N.O 
as the contrast gas, subdural gas may occur 
(fig 2, left) with the same frequency, but 
it is rapidly removed when the anesthetic 
М.О is discontinued (fig 2, right). The re- 
sult will be decreased CSF pressure within 
15 minutes. The few postoperative symp- 
toms reported in Results were presumably 
due to the irritative effects of М.О and 
were related to the time of contact of the 
N.O with the ventricular walls. 


In the majority of cases, only minimal gas 
was seen on roentgenograms taken 15 min- 
utes after МО cessation (fig 3). This small 
amount of gas remaining in the ventricles 
most likely represented inward diffusion of 
air or O, as the N.O diffused out. The mask 
О„ given patients should cause the more 
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soluble O, to diffuse in first and later be 
replaced by N», each replacement lowering 
the amount of residual gas. Davidoff and 
Dyke* found that the duration of symptoms 
in days after gas PEG was in direct pro- 
portion to the amount of gas injected, rela- 
tive to ventricular size. Schwab and von 
Storch? found that the severity of CSF cel- 
lular reaction varied directly with the vol- 
ume of air used, and that the patients' 
symptoms were quantitatively related to the 
degree of cellular reaction. Davidoff? also 
recognized that the aim of the treatment in 
reducing morbidity from gas PEG should 
be to eliminate the gas as fast as possible 
after the examination. The rapid elimina- 
tion of N,O medium from the ventricles was 
most likely responsible for our decreased 
duration of postinjection symptomatology. 
'Thus we agree with Davidoff that the dura- 
tion of contact of the contrast gas with the 
ventricular system is responsible for most 
morbidity. 


Davidoff, using air contrast in 94 patients, 
found 26% moderate or severe headaches 
at 48 hours and 5% remaining at 120 hours. 
Vomiting occurred in 8% of his patients at 
48 hours, 795 at 72 hours, and 3%, at 120 
hours. We have listed his morbidity because 
of our paucity of air-contrast studies and to 
point out why hospital discharge time was 
shorter in our N.O-contrast patients. Our 
N.O medium patients were comfortable 
sooner despite the large volumes injected, 
up to 275 ml. 


Mortality associated with gas encephalog- 
raphy has been reported as 0.25 to 8.29.1 
Air embolism and brain herniation comprise 
the main reasons for death. Some of the 
unreported causes of death may have been 
from increased CSF pressure that can occur 
with N.O anesthesia for air encephalogra- 
phy. Gordon and Greitz!! state that “а com- 
bination of halothane and hypercarbia cer- 
tainly has a far more significant intracranial 
pressure-elevating effect than nitrous oxide 
during pneumoencephalography." 


In our series, the initial CSF pressure, 
taken 15 to 20 minutes after the induction 
of halothane-N.O-O. anesthesia, was rarely 
elevated unless the patient's disease sug- 
gested the possibility of increased intra- 
cranial pressure. Our patients were carried 
on light anesthesia and kept hyperventilat- 
ed. The closing pressures were never ele- 
vated within a few minutes after the injec- 
tion of large volumes of N.O contrast medi- 
um. 
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Jacoby and associates!? consider air em- 
bolism as more likely to occur in children 
because a specified amount of gas will fill 
a larger portion of the ventricular system, 
and because needle placement is more diffi- 
cult. During PEG fatal venous gas embo- 
lism has occurred with helium,!? with air,!? 
and with O,.14 Burke and Klatte!? showed 
that dogs can withstand up to 5 times as 
much N.O as air injected IV before suc- 
cumbing. Paul! hypothesizes that a ve- 
nous N.O embolus with N.O anesthesia 
would tend to be held in the gas phase 
and be “insoluble” because of the high N.O 
partial pressure in venous blood. By ven- 
tilation with 100% O», however, nitrous 
oxide will be rapidly eliminated from the 
lung and then the venous blood, if cardio- 
vascular integrity is present. The N.O em- 
bolus rapidly decreases in size and becomes 
inocuous. Delayed gas embolism will not 
occur with N O because of the rapid loss 
of ventricular N.O. 


We experienced a venous N.O embolus in 
a 2-week-old hydrocephalic infant under- 
going ventriculography with N.O contrast 
gas under N.O-O. halothane anesthesia. 
After completion of a large ventricular in- 
jection, gas was noted in all the superficial 
scalp veins and a bradycardia began along 
with the characteristic murmur of air em- 
bolism. The patient was ventilated with 
100%, O., the murmur disappeared in 114 
minutes, and she recovered uneventfully. 


Subdural hematoma and cardiovascular 
collapse!* are suggested as possible neuro- 
logic complications of the rapid loss of CSF 
pressure when ventricular N.O is elimi- 
nated. We had no patients in our series who 
exhibited either complication. Since we in- 
jected 2-4 times the amount of N.O com- 
pared to CSF removed, our patients were 
faced with a less rapid decompression. 


While most anesthetic administrations 
were uneventful some complications did 
occur. Extubation of the airway is a par- 
ticular hazard in the mobile patient, and 
may occur in spite of adequate precautions. 
Short endotracheal tubes, failure of com- 
munication between anesthesia and radio- 
logic personnel before required patient 
movement, spontaneous patient movement 
during the exam, and failure to adequately 
secure the endotracheal tube are all causes 
of extubation. Second-to-second monitoring 
of vital signs and close observation of the 
patient resulted in immediate recognition 
and reintubation. Severe bradycardia re- 
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sults from insufficient atropinization, too 
rapid contrast gas injection with sudden 
increased CSF pressure, and excessive anes- 
thetic concentrations. If not recognized the 
bradycardia may result in severe hypoten- 
sion and cardiac arrest. Our hypotensive 
episodes were transient and responded to 
positional change or reduction of the halo- 
thane concentration. No patients with post- 
intubation croup were reintubated or tra- 
cheotomized and all responded to mist, 
steroids and IPPB with racemic epineph- 
rine. 


There were no fatalities in our series. It 
is likely the infant with the N.O embolism 
would have succumbed if air had been used. 
Light halothane-N.O-O. anesthesia has 
proven safe and effective when combined 
with N.O encephalography. Strict attention 
to the details of anesthetic administration 
and airway management are necessary. So 
far as we know this is the first time the 
application of gas physics has been used to 
provide patients with postoperative pain 
relief. 
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Three adult patients developing free abdominal air and 


signs of a perforated viscus during positive pressure ventilation are described. Two 
received PEEP ranging between 10 and 15 cm water. Tidal volumes were about 
1200 ml and peak inspiratory pressures were 50 to 61 em of water. Fever and leuko- 
cytosis were present in all three patients. Two patients underwent negative exploratory 
laparotomies. It is speculated that air under positive pressure may enter perivascular 
lung tissue and find its way into the retroperitoneal space where subsequent rupture 
results in free abdominal air. Pneumoperitoneum secondary to air leak should be 
considered in patients receiving positive pressure ventilation and developing signs of 
perforated abdominal viseus. (Stringfield JT, Graham JP, Watts CM et al: Pneumo- 
peritoneum. A complication of mechanical ventilation. JAMA 235:744-746, 1976) 
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The Effect of General Anesthetic Agents, 
Ouabain, and Aldosterone on Striated 
Muscle Contraction in Toad 


1. AMARANATH, MD* 
NIKAAN B. ANDERSEN, MD} 


Cleveland, Ohioz 


Na' and K' transport, resting potentials, ac- 
tion potentials, and muscle contraction are 
interrelated in the excitation-contraction cou- 
pling process. Since anesthetics affect the 
electrogenic Na' transport mechanism in the 
toad bladder model and the coupled Na’, К' 
transport in muscle, the authors tested the 
hypothesis that the effects of inhalation anes- 
thetics on ion transport and muscle contraction 
are parallel. In this study, the effects were 
assessed of 4 inhalation anesthetics and, for 
comparison, the effects of ouabain and aldos- 
terone, on contractions of toad sartorius mus- 
cle. 


Gam anesthetics have been shown to 
stimulate or to inhibit active electro- 
genic Na’ transport in toad bladder in con- 
centrations used for clinical anesthesia.! 
Stimulation and inhibition have also been 
noted in the effect of anesthetics on the 
resting membrane potential and on the 
contraction of muscle. Cyclopropane, which 
stimulates Na' transport,? was found to in- 
crease the resting membrane potential? and 
enhance contractile force in striated mus- 
cle while halothane, which inhibits Na' 
transport, lowered the membrane potential? 
and decreased contractile force.".5 


Since Na‘, K transport, resting mem- 
brane potentials, action potentials, and mus- 
cle contraction are related in excitation-con- 


* Assistant Professor. 


{Professor and Associate Director (deceased). 


Cyclopropane, №0, ether, and halothane, as 
well as ouabain and aldosterone, increased 
twitch height in low concentrations. Halothane, 
ether, and ouabain decreased twitch height in 
high concentrations. The effect of cyclopropane 
and N.O, ouabain, and aldosterone on muscle 
contraction closely paralleled their action on 
electrogenic Ма” transport. This observation 
supports the hypothesis that the influence of 
these agents on muscle contraction is linked 
to the effect on active ion transport or that 
both effects are equally sensitive to anesthetic 
agents. 


traction coupling, we assumed that anes- 
thetics have similar effects on active Na' 
transport in bladder and muscle* and hy- 
pothesized that the effects of inhalation 
anesthetics on muscle contraction and ion 
transport are linked. We, therefore, com- 
pared the effect of a series of anesthetic 
agents on contractions of toad sartorius 
muscle with effects on Na+ transport in toad 
bladder. 


'The proposed hypothesis further suggests 
that nonanesthetics with strong effects on 
active Na' transport should also affect mus- 
cle contraction. Accordingly, we studied the 
effect of ouabain and aldosterone on toad 
sartorius muscle contraction and compared 
it with their well-known effects on Na* 
transport in toad bladder.?.!? 


iDepartment of Anesthesiology, Case Western Reserve University School of Medicine, Cleveland, Ohio 
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METHOD 

Toads, Bufo marinus, were pithed and 
muscle strips were isolated from the sar- 
torius muscle. The strips, 1.5 cm long and 
0.1 to 0.2 cm thick, were suspended at room 
temperature from a minimal-displacement 
pressure transducer in a sintered glass fun- 
nel that contained 60 ml of a toad salt 
solution:!! NaCl 112 mM, KCl 1.9 mM, 
CaCl, 1 mM, NaHCO. 2.3 mM, and 
NaH,PO, 0.08 mM. The pH of 7.8 did not 
change during the experiment. The solu- 
tion was aerated with O, and the chamber 
was continuously perfused with a fresh solu- 
tion at a rate of 6 ml/min. The concentra- 
tions of the drugs to be tested were deter- 
mined in pilot experiments, where we se- 
lected 3 concentrations of each compound 
that were multiples of each other, produced 
stimulation and, if possible, inhibition. 


'The muscle strips were electrically stim- 
ulated directly 5 times/minute with a supra- 
maximal, 50 „sec impulse. The twitch was 
recorded and after stabilization the follow- 
ing agents were tested: cyclopropane 10, 40, 
and 80 vol 95; diethyl ether 0.3, 0.6, and 
1.2 vol %; М.О 20, 40, and 80 vol %; halo- 
thane 0.3, 0.6, and 1.2 vol %; ouabain 10-17, 
10°, and 10°° M; and aldosterone 10-7, 
10-5, and 10° M. The anesthetics were 
delivered in O, from an anesthesia machine 
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and the concentrations were assessed by gas 
chromatography. 'The solids were dissolved 
in toad Ringer's solution and added to the 
bathing solution by pipet. At the conclusion 
of the experiments, up to 3.5 „g/ml d-tubo- 
curarine chloride was added to test the 
effect of neuromuscular blockade. 


'The drugs were added in increments and 
the concentration was increased when the 
resulting change in twitch response had 
been stable for 10 minutes. Each drug was 
tested 6 times in different muscle strips and 
the effect of each concentration was ex- 
pressed as percent of control twitch height. 
Each experiment lasted about 2 hours. In 
the pilot experiments, we had ascertained 
that the twitch response in stabilized un- 
treated strips did not change significantly 
during this period. Upon discontinuation of 
the inhalational anesthetics, twitch height 
returned toward control values. 


The results were expressed as mean + 1 
SE and the significance of differences was 
assessed by Student's 2-tailed, unpaired 
t-tests. 

RESULTS 

Ether 0.3 and halothane 0.3 and 0.6 vol % 
increased twitch height (p<0.01) (table 1). 
With 1.2 vol %, both agents decreased 
twitch (p<0.01). Cyclopropane 10 and 40 


TABLE 1 
Effect of 4 General Anesthetic Agents on the Twitch Response in 
Toad Striated Muscle* 











LZ HD CNET ог 
Cyclopropane 10 11x 107 +31 + 13.4 p < 0.05 
40 0.28 4.6 x 107 +41 + 10.0 p< 0.01 
80 9.3 x 10° 4-12 + 9.1 NS 
N.O 20 4.9 x 10^ 0 = 
40 0.59 9.8 x 10° 5212 p « 0.01 
80 19/107 +10 + 3.0 p < 0.01 
Ether 0.3 3.7 x 10^ 410 + 2.5 p < 0.01 
0.6 30 74 x 107 +6 + 5.0 NS 
1.2 14 x 107 —142-414 p — 0.01 
Halothane 0.3 19x10" HIELD p < 0.01 
0.6 1.58 3.9 x 10°! 83 p « 0.01 
12 7.8 x 10 —8 14 p « 0.01 





*Results are means of 6 experiments expressed as percent from control twitch height = 1 SE. 


*Ostwald solubility coefficient at room temperature. Larson CP Jr: Solubility and partition coefficients, 
Uptake and Distribution of Anesthetic Agents. Edited by EM Papper, RJ Kitz. New York, McGraw- 


Hill Book Company, 1963, pp 5-19. 


tSignificance of mean differences assessed with Student’s 2-tailed unpaired t-test. 


NS = not significant. 
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TABLE 2 
Effect of Ouabain and Aldosterone on the 
Twitch Response in Toad Striated Muscle* 








Concen- A Twitch 
tration, height, 
M/L % of control* h valuet 
Ouabain 1072 0 ER 
10° 4+6+2.5 p<0.05 
10° —9--1.0 р<0.01 
Aldosterone 107 -F32-1.0 p<0.05 
10° 4+9+12 p<0.01 
10° 4+16+2.0 p<0.01 


*Results are means expressed as percent change 
from control twitch height of 6 experiments + 1 SE. 


TSignificance of the differences between the treated 
and control muscles as assessed by Student's 
2-tailed, unpaired t-test. 


vol % gave stimulation (p<0.05 and 0.01), 
while 80 vol % had a variable effect. N.O 
20 vol % had no effect, but 40 and 80 vol % 
gave dose-dependent stimulation (р<0.01). 


Ouabain, 107? M had no effect, 10° M 
increased twitch height (p<0.05) and 10-^ 
produced inhibition (p<0.01) (table 2). 
Aldosterone 107, 10-^, and 10? M increas- 
ingly enhanced twitch height. 


The presence of curare 3.5 „g/ml in no 
instance affected muscle response. 


DISCUSSION 

In this study we accepted changes in the 
recorded twitch height as a direct expres- 
sion for changes in contractile force. Accord- 
ing to the Hill model for muscle,? we as- 
sume that we saw changes in contractility 
of the contractile element, rather than the 
elastic elements, in toad striated muscle 
strips. Neuromuscular continuity did not 
influence the results, because the muscles 
were stimulated directly. Furthermore, cu- 
rare failed to alter twitch response with or 
without anesthetics. 


In accordance with other authors, we 
found that anesthetics depress or stimulate 
muscle contraction, depending upon agent 
and concentration. Pollard and Millar" re- 
ported that ether in concentrations of about 
2 vol % depressed directly-evoked twitches 
in rat diaphragm, that halothane gave tran- 
sient stimulation in concentrations of up to 
5 vol %, and that cyclopropane up to 75 
vol % stimulated the muscle. In our experi- 
ments, the 4 anesthetics tested produced 
sustained stimulation below a certain con- 
centration while high concentrations of 


ether and halothane produced inhibition. 
Presumably cyclopropane and N.O would 
also have decreased twitch height had we 
been able to further increase the concentra- 
tion of these agents and still supply an O, 
tension of 150 torr. 


Data by Price and coworkers!? suggest 
that halothane decreases frog sartorius mus- 
cle heat production at 0? C. However, 
Strobel!* has confirmed our observation re- 
garding halothane potentiation of twitch 
height in frog sartorius at 25? C. We, there- 
fore, propose that anesthetics in low con- 
centration stimulate muscle contraction and 
inhibit contraction at higher concentrations. 
Anesthetic dosage affecting twitch height 
bears no relationship to minimal anesthetic 
requirements in the toad.'^ Cyclopropane 
stimulated contraction well above minimal 
anesthetic requirements (9 vol %), while 
ether depressed contraction at an equally 
effective anesthetic concentration (1.6 vol 
25). Thus, we assume that the anesthetizing 
effect of these anesthetics is not related to 
their effect on contraction. The nonanesthet- 
ic agents, ouabain and aldosterone, also in- 
crease muscle contraction. 


TABLE 3 
Effect of 4 General Anesthetics,'? Ouabain,? 
and Aldosterone!’ on Toad 
Urinary Bladder 


Concen- Д Na* transport, 
tration % of control 
Cyclopropane, vol % 10 +46 + 15:7 
40 +60 + 6.6 
80 —51 + 18.2 
N-O, vol % 20 0 
40 +21 + 6.3 
80 +41 + 20.2 
Ether, vol % 1.0 +12 + 5.1 
2.5 +46 + 16.7 
5.0 —12 24:3 
Halothane, vol % 0.2 +31 + 14.3 
0.3 —L--11.5 
0.6 —16 + 10.4 
Ouabain, molar 10 +17 
concentration 107: 48 
10* +4 
10° —24 
Aldosterone, molar 107 0 
concentration 1075 +30 
10^ +50 





“Means of 5 experiments + SE. 





The results for 


ouabain and aldosterone are presented without 
statistical evaluation since they are calculated 
approximations from the literature.® 
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CONCENTRATION IN VOLUME % 


Fic 1. Effects of inhalation anesthetics on Na* transport" in toad urinary bladder and on twitch height 
in toad sartorius muscle. Vertical lines represent + SE. 


'The relationship between the dose of the 
anesthetic and the electrogenic Na' trans- 
port has been studied previously.'? Data 
from these studies and others involving oua- 
bain and aldosterone are shown in table 3 
and depicted, together with the present find- 
ings, in figures 1 and 2. 


As can be seen, Na’ transport in the toad 
bladder preparation was generally stimu- 
lated by low and depressed by high doses of 
all agents tested. The mechanical effects on 
striated toad muscle follow the same pat- 
tern of stimulation and then depression, but 
the two cannot readily be superimposed. 


Aldosterone and ouabain are reported to 
stimulate and then inhibit Na' transport 
through mechanisms differing from those 
that apply for anesthetics. Ouabain presum- 
ably exerts its action through a direct effect 
on Na', K* ATPase,” aldosterone seems to 
stimulate metabolism,!? and inhalational an- 
esthetics probably depress transport through 
decreased permeability and stimulate trans- 
port through interaction with catechola- 

 mines.? 


It may be a surprising coincidence that 


the anesthetic effects on muscle contraction 
in the toad are so closely paralleled by the 
anesthetic effects on the electrogenic Na' 
transport in the bladder, and that the effect 
of ouabain appears to run parallel to those 
of the anesthetics. The mechanism by which 
cardiac glycosides exert their positive ino- 
tropic effect is not fully elucidated. Inves- 
tigators who focus on the glycoside effects 
on cation transport have postulated a 
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Fic 2. Effects of aldosterone" and ouabain? on 
Na* transport in toad urinary bladder and on 
twitch height in toad sartorius muscle. Vertical lines 
represent + SE. 
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decreased Na‘ transport or increased Na’ 
transport as possible explanations of the 
glycoside effect on contractility." 


Price’? showed that “clinical concentra- 
tions” of halothane depressed myocardial 
contractility through an effect external to 
the contractile elements, possibly located 
in the cell membrane, with an effect on Ca’ 
availability to the contractile elements dur- 
ing the action potential. Our studies do not 
permit us to identify the mechanism by 
which Na: transport or twitch height was 
affected by the anesthetics and the non- 
anesthetic agents tested. The weight of the 
observations, however, suggests a membrane 
phenomenon as the common site of action. 


The general “carrier” model for the met- 
abolically mediated Ма, K' membrane 
transport phenomena appears to be shared 
by toad bladder, muscle, and other cell 
membranes.!" The effect of anesthetics оп 
resting membrane potentials described by 
Kendig and Bunker? may be another ex- 
pression of the relationship between anes- 
thetic effects on Na’, K^ transport and mus- 
cle contractions. The effects on the mem- 
brane potential, of course, may be ex- 
plained as hyper- or hypopolarization re- 
sulting from increased or decreased active 
Na‘, K^ transport which, everything else 
being unchanged, would lead to changes in 
intracellular K' concentrations and the 
electrochemical K' gradient across the mem- 
brane, which is accepted as the main factor 
in the resting potential." 


Hodgkin and Huxley?" demonstrated that 
the amount of Na’ electrogenesis ( Na' per- 
meability during depolarization) depends 
on the resting membrane potential. If the 
resting potential is high, Na' electrogenesis 
will also be high and the activating system 
will be fully available.?! Thus, anesthetics 
may increase twitch height by increasing 
the resting membrane potential and by mak- 
ing membrane depolarization more effective 
in activating the release of Са’ to the con- 
tractile elements. 


Our observations establish that anesthet- 
ics share effects on muscle contraction and 
ion transport with certain unrelated non- 
anesthetic agents. More work is needed to 
determine whether the active cationic trans- 
port phenomena in nonexcitable membranes 
resemble those in excitable membranes in 
their response to anesthetics, and whether 
anesthetics influence the contraction of mus- 
cle cells in part through their effects on 
transport phenomena. 
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HALOTHANE AND REDUCED HEPATIC BLOOD FLOW. The authors describe 
marked reductions in hepatic arterial flow during angiographic studies performed 
under halothane anesthesia. A 4-year-old female with neurofibromatosis undergoing 
a renal arteriogram was noted to have poor visualization of the hepatic arteries distal 
to the common hepatic artery and perfusion of the right liver lobe was minimal. In 
the previous 18 months this child had received four uneventful halothane anesthetics 
for nonabdominal procedures. A second patient (3-year-old female) manifested similar 
slowing of hepatic arterial flow which returned to normal 25 minutes after discontinu- 


ing halothane and substituting nitrous oxide and d-tubocurarine. 


Neither patient 


manifested clinical or biochemical evidence of postanesthesia liver dysfunction. A 
subsequent review of 25 aortograms performed with halothane anesthesia revealed 


slowing of hepatic arterial flow in 8 patients (32%). 


Halothane may produce an 


increase in vasomotor tone specific to hepatic circulation while sparing arterial flow 
to other abdominal viscera. The marked slowing of hepatic arterial flow by halothane 
may reflect increased vasomotor tone primarily at the hepatic arterial, sinusoidal or 
venous levels. (Burger PE, Culham JAG, Fitz CR et al: Slowing of hepatic blood flow 
by halothane: Angiographic manifestations. Radiology 118 :303-306, 1976) 


ANESTHESIA AND ANALGESIA . . . Current Researches Vou. 55, No. 3, May-J UNE, 1976 415 


Methoxyflurane Biotransformation and Renal Function 
Following Methoxyflurane Administration for Vaginal 
Delivery or Cesarean Section 


STEVEN R. YOUNG, MD* 
ROBERT K. STOELTING, МОТ 
VIRGINIA K. BOND, MD: 
CHRISTINE PETERSON, RNS 


Indianapolis, Indiana | 


Methoxyflurane (MOF) administration for con- 
scious analgesia during vaginal delivery (range 
5 to 70 min, mean 23 min) or for anesthesia 
following delivery of the infant at cesarean 
section (range 25 to 70 min, mean 44 min) was 
studied in 18 healthy parturients. Serum ionic 
fluoride increased significantly in both groups 
2 hours after discontinuing MOF with peak 
concentrations of 11.2 and 14.1 „mol/L in the 
vaginal delivery and cesarean section groups, 
respectively. Individual peak serum ionic fluo- 
ride levels in the 2 groups of 21 and 25 „mol/L 
were well below reported levels for subclinical 


М мено в reports have appeared docu- 
menting the association between meth- 
oxyflurane (MOF) biotransformation to 
ionic fluoride and oxalate and postoperative 
renal dysfunction.!? Nevertheless, МОЕ 
administration during vaginal delivery or 
cesarean section provides good maternal an- 
algesia without significant effects on uterine 
tone. Documentation that low-dose MOF 
administration does not result in hazardous 
serum ionic fluoride elevations would be use- 
ful. Indeed, large increases in serum ionic 
fluoride do not usually occur following 
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toxicity. Significant ionic fluoride elevations in 
fetal umbilical venous blood (mean 5.3 mol/L) 
were measured in the vaginal-delivery group. 
Maternal urinary ionic fluoride and oxalate 
were elevated 24 and 48 hours postpartum. 
BUN, creatinine, urine volume, and urine os- 
molality remained within normal range. These 
data indicate that hazardous elevations of se- 
rum ionic fluoride with subsequent renal dys- 
function are unlikely following low-dose MOF 
administration for vaginal delivery or cesarean 
section. 


awake MOF analgesia during labor and va- 
ginal delivery.? 


In the present study, MOF biotransfor- 
mation and renal function were determined 
in two groups of healthy parturients who re- 
ceived MOF either for conscious analgesia 
during vaginal delivery only or after deliv- 
ery of the infant at cesarean section. 


METHODS 
During vaginal delivery, 11 patients re- 
ceived pudendal nerve blocks and conscious 
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analgesia with МОЕ (0.2 to 0.5%, Penta- 
matic" vaporizer settings) delivered in О., 
5 L/min via а semiclosed-circle absorption 
anesthetic system. Administration was con- 
tinuous or intermittent, as determined by 
the patient's ability to respond to verbal 
commands. 


The second group of 7 patients for elec- 
tive cesarean section received 4 mg/kg of 
thiamylal and 60% N.O in O. plus suc- 
cinylcholine for skeletal muscle paralysis 
until delivery of the infant. Following deliv- 
ery, anesthesia was maintained with MOF 
(0.2 to 0.5% Pentamatic vaporizer settings) 
plus 60%, N.O at a total gas flow of 5 L/min 
via a semiclosed-circle absorption anesthetic 
system. 


Mothers with renal or hepatic disease, 
preeclampsia, or history of drug intake 
(other than supplemental iron and vita- 
mins) were excluded from this study. 


Venous blood samples for serum ionic 
fluoride were obtained from all mothers be- 
fore MOF administration (control), at de- 
livery (vaginal delivery group), 1 hour 
after discontinuing MOF (cesarean-section 
group), and in all patients 2, 24, and 48 
hours after MOF administration. Samples 
were also obtained from the umbilical vein 
of all infants in the vaginal-delivery group 
at the time of delivery. Serum creatinine, 
blood urea nitrogen (BUN), serum uric 
acid, and serum osmolality were determined 
before delivery and 24 and 48 hours post- 
partum. Ionic fluoride was measured with 
a fluoride ion-specific electrode. Oxalate 
was measured by Bio-Science Laboratories.^ 


Umbilical vein and maternal arterial sam- 
ples were collected in glass syringes at de- 
livery and analyzed for MOF concentration 
by gas chromatography after extraction into 
tetrachloroethylene.* 


Maternal 24-hour urine collections for 
ionic fluoride, oxalate, osmolality, and total 
volume were initiated at delivery and con- 
tinued for 48 hours. 


Newborn condition at birth was ascer- 
tained by 1 and 5-minute Apgar scores and 
by time to sustained respirations. 


Data were analyzed by Student's t-test, 
p«0.05 being considered significant. 


RESULTS 
Maternal groups were similar with re- 
spect to age (mean 28 years) and weight 
(mean 68 kg). The average duration of 
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MOF administration was different: 23 min- 
utes (range 5 to 70) in the vaginal-delivery 
group and 44 minutes (range 25 to 70) in 
the cesarean-section group. 


Serum ionic fluoride increased signifi- 
cantly in all patients following MOF admin- 
istration (tables 1 and 2). Peak ionic fluo- 
ride levels were 11.2 + 1.4 „mol/L and 14.1 
+ 2 „mol/L at 2 hours after discontinuing 
MOF for vaginal delivery or cesarean sec- 
tion, respectively. Ionic fluoride concentra- 
tions decreased, but were still significantly 
elevated above control levels, 24 and 48 
hours postpartum. In 2 of 7 patients follow- 
ing cesarean section, serum ionic fluoride 
concentrations 3 hours after discontinuing 
MOF were similar to the 2-hour determina- 
tions. This suggested that the serum ionic 
fluoride elevations after 2 hours accurately 
reflected maximum fluoride elevations in 
this group. 


At vaginal delivery, fetal umbilical vein 
ionic fluoride concentrations were 5.3 + 0.7 
„mol/L compared with 7.1 0.8 in the 
mothers. Maternal MOF concentrations fol- 
lowing vaginal delivery were greater than 
the corresponding fetal umbilical vein con- 
centration (2.1 + 0.4 mg/100 ml versus 1.5 
+ 0.8 mg/100 ml). These arterial values 
corresponded to alveolar concentrations 
equal to 0.025 vol/100 ml and 0.018 vol/100 
ml, respectively, assuming a blood-gas par- 
tition coefficient equal to 13 for mother and 
infant. 


Significant increases, although still with- 
in the normal range for our laboratory, were 
seen in BUN at 24 and 48 hours in the 
vaginal-delivery group and in serum crea- 
tinine at 48 hours in the cesarean-section 
group (table 1). 


Urinary excretion of ionic fluoride and 
oxalate were maximally elevated on the 1st 
day following delivery in both groups (table 
3). Maternal urine volumes and urine os- 
molality were within normal range 24 and 
48 hours postpartum. 


Apgar scores were greater than 7 and 8 
after 1 and 5 minutes, respectively, in the 
vaginal-delivery group infants, except in one 
1.8 kg infant whose scores were 5 and 8. 
Time to sustained respiration was less than 
60 seconds in all infants. 


DISCUSSION 
Serum ionic fluoride levels capable of pro- 
ducing dose-related renal dysfunction after 
MOF administration have been documented 
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TABLE 1 


Maternal Laboratory Values (Means = SE) 
(Numbers of Determinations in Parentheses) 


Test 


Control 
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Delivery 





Serum ionic fluoride (umol/L) 
Vaginal delivery 
Cesarean section 

Serum creatinine (mg/100 ml) 
Vaginal delivery 
Cesarean section 

Blood urea nitrogen (mg/100 ml) 
Vaginal delivery 
Cesarean section 

Serum uric acid (mg/100 ml) 
Vaginal delivery 
Cesarean section 


Serum osmolality (mOsm/L) 
Vaginal delivery 
Cesarean section 


MOF (mg/100 ml—vaginal delivery) 
Maternal arterial 
Fetal umbilical venous 


2.7 + 0.3 (11) 
2.6 + 0.6 (7) 


0.65 + 0.06 (10) 
0.63 + 0.04 (6) 


6.4 + 0.6 (10) 
7.3 + 1.0 (6) 


4.9 + 0.3 (10) 
4.9 + 0.5 (6) 


265 + 2 (10) 
270 + 5 (4) 


7.1 + 0.8 (10)* 


0.65 + 0.06 (10) 


6.0 + 0.6 (10) 


4.9 + 0.3 (10) 


267 + 3 (11) 


2.1 + 0.4 (11) 
1.5 + 0.3 (9) 





*Significantly different from control measurement (р<0.05). 


TABLE 2 


Serum lonic Fluoride Level After Discontinuing MOF 


(umol/L) (Means = SE) 


1 hour 2 hours 


24 hours 


48 hours 





11.2.6 1.4 (11) 


13.9 + 1.9 (7)* 14.1 + 2.0 (7)* 


by Cousins and Mazze.? For example, peak 
serum ionic fluoride concentrations above 50 
pmol/L may be associated with subclinical 
toxicity manifested by delayed return to 
maximum preoperative urine-concentrating 
ability and increased serum uric acid. Serum 
ionic fluoride concentration above 90 „mol/L 
may produce further evidence of renal dys- 


5.6 + 0.8 (11)* 

8.3 + 1.9 (7)* 
0.73 + 0.05 (11) 
0.81 + 0.11 (7) 
8.4 + 0.6 (11)* 
5.7 + 0.6 (7) 
5.7 + 0.3 (11) 
6.0 + 0.6 (7) 
270 + 3 (11) 
263 + 3 (5) 


4.0 + 0.5 (11)* 
6.2 + 1.3 (6)* 
0.77 + 0.09 (11) 
0.85 + 0.09 (6) * 
9.0 2- 0.7 (10)* 
7.2 + 0.7 (5) 
5.9 + 0.4 (11) 
6.0 + 0.8 (7) 
273 + 3 (11) 
269 + 6 (5) 


function: polyuria, high serum osmolality, 
hypernatremia, and low urine osmolality. 


In this study, maximum serum ionic fluo- 
ride elevations after conscious analgesia dur- 
ing vaginal delivery (11.2 »mol/L) or after 
short-term administration for cesarean sec- 
tion (14.1 »mol/L) were far below levels 
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TABLE 3 


Maternal Urinalysis Results (Means =+ SE) 
(Number of Determinations in Parentheses) 


Test 


Hours after discontinuing MOF 
24 hours 48 hours 








Urinary ionic fluoride (umol/L) 
Vaginal delivery 
Cesarean section 


Urinary oxalate (mg/24 hr) 
Vaginal delivery 


Cesarean section 


24-hour urine volume (ml) 
Vaginal delivery 
Cesarean section 


Urinary osmolality (mOsm/L) 
Vaginal delivery 
Cesarean section 


associated with detectable renal dysfunc- 
tion.'-?.* Indeed, the highest individual ele- 
vation in the group receiving conscious anal- 
gesia was 21 „mol/L (after 17 min of MOF 
administration), while 25 „mol/L was the 
highest single value reported in a cesarean- 
section patient (after a 50-min exposure). 


Some patients with higher arterial MOF 
concentrations or longer periods of exposure 
actually had lower serum levels of ionic 
fluoride, suggesting individual variability of 
MOF biotransformation. As would be ex- 
pected with a dose-related response, concen- 
trations following more prolonged awake 
MOF analgesia (mean 127 min) for both 
labor and vaginal delivery were greater 
(21.9 „mol/L) than those found in this 
study. Furthermore, 2 patients manifested 
concentrations above 50 „mol/L with this 
more prolonged administration.? 


Blood urea nitrogen or serum creatinine 
increased (р< 0.05) following МОЕ admin- 
istration, but these elevations did not exceed 
the normal range. Similar changes were re- 
ported by Creasser’s group,? but another 
report® did not show any increase in BUN 
after MOF analgesia. Some renal-function 
changes might not have been observed, since 
early MOF-induced renal dysfunction is a 
concentrating defect,? and specific stress for 
concentrating ability was not tested. 


A maternal artery-umbilical vein MOF 
difference was present at vaginal delivery: 
2.1 mg/100 ml maternal versus 1.5 mg/100 
ml fetal. This fetal MOF concentration was 


504 + 55 (9) 
2072 + 775 (3) 


350 + 48 (9) 
908 + 196 (3) 


83.4 + 16.1 (9) 
69.5 + 2.5 (2) 


54.5 + 13.1 (9) 
39.7 + 37 (2) 


2999 + 432 (10) 
2140 + 360 (3) 


1853 + 330 (10) 
1825 + 25 (3) 


299 + 38 (10) 
442 + 73 (3) 


386 + 31 (10) 
359 + 18 (3) 


not associated with fetal depression as meas- 
ured by Apgar scores or time to sustained 
respirations. Other reports? have demon- 
strated that maternal artery-fetal umbilical 
vein MOF gradients diminish with more 
prolonged MOF administration. 


Mean serum ionic fluoride in the fetal 
umbilical vein at delivery was 5.3 „mol/L, 
compared with a maternal level of 7.2 
pmol/L. (Infants born to mothers with no 
MOF administered have mean serum ionic 
fluoride levels of approximately 1 ,mol/L.)? 
Increased fetal serum ionic fluoride levels 
would most likely be the result of transpla- 
cental fluoride diffusion or the consequence 
of MOF biotransformation in utero, though 
the degree of biotransformation could be 
limited by poorly developed neonatal micro- 
somal enzymes.!? What effects increased 
ionic fluoride have on the immature kidney 
is largely unknown. Other studies!!:12 have 
found maternal and fetal serum levels of 
ionic fluoride similar to those in this report. 


Urinary excretion of fluoride and oxalate 
reflected MOF biotransformation. Peak uri- 
nary excretion of fluoride (2072 ,mol/L) 
and oxalate (83.4 mg/24 hr) seen on the 1st 
postpartum day was far below levels re- 
ported after more lengthy MOF anesthe- 
sia.1?.14 


We conclude that dangerous serum ionic 
fluoride elevations and subsequent renal dys- 
function are unlikely when low-dose MOF 
is administered for conscious analgesia dur- 
ing vaginal delivery or for short durations 
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following delivery of the infant at cesarean 
section. 
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50th Congress Report 
March 14-18, 1976 


Phoenix, Arizona 


HE 50th Congress of the International 

Anesthesia Research Society, a long- 
planned, milestone celebration in our his- 
tory, was held in Phoenix, Arizona, March 
14-18, 1976. 


'The meeting was originally scheduled for 
Caesars Palace in Las Vegas, Nevada, but 
an unexpected labor strike there necessi- 
tated its move to the Hyatt Regency Hotel/ 
Civic Plaza in Phoenix three days prior to 
the scheduled opening. We very much regret 
the inconvenience this caused to those who 
did attend, and the disappointment of those 
who could not. (For an “inside” view of the 
meeting transfer as well as “outside” reac- 
tion, see “Chronicle of the 50th Congress— 
Location Change" on page 428 and corre- 
spondence following.) 


Fifty-seven papers encompassing the 
broad spectrum of anesthesiology were pre- 
sented. For the first time, the program com- 
mittee ran simultaneous sessions. We hope 
this new format, of simultaneous sessions, 
was acceptable and we would appreciate 
your comments. 


Eighty-two technical and scientific ex- 


hibits, all interesting and educational, each 
manned by a knowledgeable attendant, pro- 
vided a rich source of information. 


Prizes were awarded to three of the sci- 
entific exhibits for their excellent presenta- 
tion of their particular subject matter. 


First Prize: Obstetric Anesthesia and the 
Newborn, Gerard W. Ostheimer, M.D., and 
associates, Boston Hospital for Women and 
Harvard Medical School. 


Second Prize: Anticholinergic Differences 
—A Matter of Safety, Alon P. Winnie, 
M.D., University of Illinois Hospital. 


Third Prize: American Independence— 
Anesthesia or Anaesthesia? Bicentennial Ob- 
servations, Keith Murrin, M.B., and cowork- 
ers, University of North Carolina. 


Dr. Leroy David Vandam, Professor of 
Anaesthesia, Harvard Medical School and 
Anesthesiologist-in-Chief of the Peter Bent 
Brigham Hospital, Boston, Massachusetts, 
presented the Eleventh Annual Becton- 
Dickinson & Company Oscar Schwidetzky 
Memorial Lecture entitled “Оп the History 
of Ideas in Anaesthesia." Dr. Vandam's 
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reputation filled the lecture hall with an 
expectant audience. They were well re- 
warded. His paper will appear in the July- 
August issue of this journal. 


The Fourteenth Annual Baxter-Travenol 
Lecture entitled *Epidemiologic Answers to 
Laboratory Questions in Environmental 
Cancer" was delivered by Dr. Irving J. 
Selikoff, Professor of Medicine, Director, 
Environmental Sciences Laboratory, Mount 
Sinai School of Medicine, New York, New 
York. Dr. Selikoff is internationally known 
for his many contributions to environmental 
health, a subject of great importance to 
everyone. His very educated presentation 
provided valuable information on a subject 
about which too many of us know too little. 
This paper will appear in the September- 
October issue of Anesthesia and Analgesia. 


Our well attended Golden Anniversary 
Commemorative Luncheon was held on 
Tuesday noon, presided over by Dr. Kenneth 
K. Keown, Chairman of our Board of Trus- 
tees. He introduced our guests, Dr. John 
Ditzler, President, American Society of 
Anesthesiologists, and Dr. John H. A. 
Lawrence, President, Canadian Anaesthe- 
tists’ Society. Both Dr. Ditzler and Dr. 
Lawrence expressed their pleasure and car- 
ried friendly greetings to us from their re- 
spective societies. 


Dr. T. H. Seldon, Member of the Board 
of Trustees of the International Anesthesia 
Research Society and Editor of Anesthesia 
and Analgesia . . . Current Researches pre- 
sented a brief history of the Society point- 
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ing out that Dr. McMechan, Founder of 
this Society, and first Editor of Anesthe- 
sia and Analgesia and Mrs. McMechan 
probably have done more for our specialty 
than most of us will ever realize. 


The highlight of the luncheon was a pre- 
sentation by Dr. B. B. Sankey, our Execu- 
tive Secretary, of a check for $10,000 to Dr. 
John Ditzler for the Committee on Research 
of the American Society of Anesthesiolo- 
gists to commemorate the 50th Anniversary 
of the International Anesthesia Research 
Society. (See Correspondence on page 420.) 


'The members of the International Anes- 
thesia Research Society are pleased to have 
participated in this gesture and look for- 
ward to seeing the results that follow the 
use of this money. 


'The Sunday evening social hour and the 
coke and coffee breaks during the scientific 
sessions again provided opportunities to 
renew old friendships, make new acquaint- 
ances, and discuss subjects of mutual inter- 
est. 


The 51st Congress will be held at the 
Diplomat Hotel, Hollywood, Florida, on 
March 6-10, 1977. 


Titles and abstracts of papers to be con- 
sidered for presentation must be in the 
hands of the program committee no later 
than August 2, 1976. 


Abstract forms may be obtained from the 
Program Chairman, John T. Martin, M.D., 
Department of Anesthesiology, Medical 
College of Ohio, Toledo, Ohio. 
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Dr. Leroy D. Vandam, was the Eleventh Annual 
Becton, Dickinson and Company Oscar Schwidetzky ^ Baxter-Travenol Lecturer. His presentation was 


Memorial Lecturer. His presentation was entitled entitled “Epidemiologic Answers to Laboratory 
“Оп the History of Ideas in Anaesthesia." Questions in Environmental Cancer." 
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Dr. Irving J. Selikoff, was the Fourteenth Annual 





The Panel “Anesthesia for the Patient with Cardiac Disease” was well attended and very informative. 
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Anticholinergic Differences 






Second Prize Award. “Anticholinergic Differences 
—A Matter of Safety." Alon P. Winnie, MD. 


y 


Third Prize Award. “American Independence—Anesthesia or Anaesthesia? Bicentennial Observations." 
Keith Murrin, MB and Associates. 
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Coffee and Coke breaks provided time for socializing as well as interesting discussions with friends. 
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Dr. B. B. Sankey, Executive Secretary of the International Research Society (right) presented a check for 
$10,000 for research to Dr. John Ditzler, President of the American Society of Anesthesiologists. 


Kenneth K. Keown, M.D. 
Chairman, Board of Trustees 


Dear Doctor Keown: 


This will officially acknowledge the receipt of the International Anesthesia Research 
Society's check in the amount of $10,000 made payable to the American Society of Anes- 
thesiologists in behalf of its Committee on Research. It is my understanding that this is 
a commemorative donation in the interests of our mutual interest in research and the 
young investigators who produce the papers which appear from time to time on the 
IARS program as well as ASA. I am personally greatly appreciative of the confidence 
IARS has shown in ASA through this donation. I am particularly pleased that this 
donation could occur at a time when my life-long friend, Paul Dumke, was being honored 
in his final meeting as a Member of the Board of Trustees and when I was President of 
the ASA. 


John W. Ditzler, M.D., President, 
The American Society of Anesthesiologists 
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To the Board of Trustees and 
Program Committee 


Gentlemen: 


I would like to thank the members of the Board of Trustees for the faith you have shown 
in the Committee on Research of the ASA by presenting them with the gift of $10,000. 
I am especially interested in this project, and feel that the future of anesthesia research 
is being developed at the present time and that this is one of the most efficient and effec- 
tive ways that all of us can utilize to try to develop future investigators. The fact that 
the International Anesthesia Research Society felt that this would be an appropriate way 
to celebrate your fiftieth anniversary is to me a most significant milepost in the belief of 
a very outstanding group of people in the future of anesthesia research. You have my 
sincere and heartfelt congratulations, and my personal commendation for a significant 
contribution to the future of anesthesia research. 


Evan L. Frederickson, M.D. 


Professor 
Anesthesiology and Pharmacology 


Emory University 
Atlanta, Georgia 


Kenneth K. Keown, M.D. 
Chairman, The Board of Trustees 


Dear Ken, 


Never have I witnessed or, for that matter, ever heard of a munificent gift on the order 
of that from the International Anesthesia Research Society to the American Society of 
Anesthesiologists. What a grand and generous thing to do! 


Please accept from me the gratitude of the Scientific Council of the ASA for this mag- 
nificent gesture from one great organization to another. 


Robert T. Patrick, M.D. 
Vice President for Scientific Affairs 
The American Society of Anesthesiologists 
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Chronicle of the 50th Congress 
Location Change 


March 7-14, 1976 


L^ Vecas’ legendary Jimmy the Greek 
is probably thanking his lucky vegas 
that he didn't make “book” on the strike 
that moved the 50th Congress from his do- 
main in Las Vegas to Phoenix, Arizona, to 
say nothing of quoting odds on the same 
meeting being “struck out" twice in the 
same city by the same union. Happen it 
did, however, and despite the fates that 
conspired against us, the meeting opened 
on schedule at 1 p.m. on Sunday, March 
14th, and it turned out to be not only the 
sentimental milestone we had planned, but 
also a small psychological triumph. 


For the many who were amazed and grat- 
ified at the expeditious transfer, this chron- 
ology of the “week that was" will be inter- 
esting. For those who expressed dismay at 
our “inept” handling of the move, it will 
hopefully result in a more understanding 
appraisal of the sequence and timing of 
events that made it necessary. 


'The story properly begins in March 1973 
when the Las Vegas culinary workers signed 
a 3-year agreement which included a “по- 
strike" clause. With that assurance in hand 
(having had to move our 1970 meeting from 
Caesars Palace to Palm Springs, California, 
because of their strike), we finalized the 
1976 meeting dates with Caesars Palace. 


From that time on, in our many contacts 
with the hotel, numerous local suppliers 
and the Convention Bureau, there was not 
a single hint of a labor problem. We had 
worked long and hard to make our Golden 
Anniversary meeting the biggest and best 


in our history, and on Friday, March 5, 
when the final programs, preregistration 
cards and the last of our meeting supplies 
were shipped from Cleveland to Las Vegas, 
all systems were GO! 


Sunday, March 7th: 'The first clue comes 
in an 11 p.m. telephone call to Dr. Seldon 
in Rochester from Dr. F. Ervin King, an 
IARS member from Missoula, Montana. He 
wondered if we still planned to meet in Las 
Vegas in view of the “probable” strike 
scheduled for Wednesday, March 10th, by 
the culinary workers' union. Dr. King's in- 
formation came from a pediatrician friend 
in Las Vegas who heard it from the mother 
of a patient he had recently treated who had 
a relative in the union. Dr. Seldon immedi- 
ately relayed the “message from Missoula" 
to Dr. Sankey in Cleveland, who in turn 
called the Caesars Palace management— 
2 a.m. on Monday, March 8th, Las Vegas 
time. They confirm the expiration of the 
culinary workers’ contract at midnight on 
Wednesday, but are certain that even if the 
union turn down the offered contract, they 
would abide by the no-strike provision while 
they continued negotiations. So much for 
the “message from Missoula." 


Monday, March 8th—86 a.m. Cleveland. 
Despite last night's reassuring comments 
from the hotel and the strong belief (hope?) 
that it couldn't possibly happen again, nag- 
ging memories of the 1970 strike that forced 
our move to Palm Springs are stirred. “Just 
in case,” Dr. Sankey lists possible alternate 
meeting sites within a day’s trucking dis- 
tance of Las Vegas (so exhibits could be 
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moved). First on the list is Palm Springs, 
our 1970 port in the storm, and he reaches 
for the telephone which will soon feel like 
a permanent attachment. Hotel space we 
needed is not available, and Palm Springs is 
crossed off. Los Angeles is eliminated next 
—they have rooms but not adjacent exhibit 
space. San Diego can take us on March 21st 
but not on the 14th. Phoenix is last on the 
list. With a brand new hotel across the 
street from their Civic Center, they are 
ready, willing and able to take us if need be. 
We promise to advise them one way or an- 
other at midnight on Wednesday when we 
hear from Las Vegas. The Board of Trus- 
tees of the IARS is advised for the first 
time, and all of them book alternate travel 
to Phoenix. 


Tuesday, March 9th: Several talks with 
the Las Vegas Convention Bureau and Cae- 
sars Palace management reveal no progress 
in negotiations. Neither would even specu- 
late on the chances of a strike, but we de- 
tect, for the first time, some reservation that 
the no-strike clause would prevail. 


Pending the union decision the next day, 
we alert all program participants and tech- 
nical and scientific exhibitors that we may 
have to move the meeting to Phoenix. If we 
have to move, we need to know whether the 
many participants are willing to go along. 
The overwhelming majority are. Principals 
of the American Society of Regional Anes- 
thesia, whose inaugural meeting is to follow 
ours, also are advised. They, too, will “roll 
with the punches.” 


The Las Vegas exhibit drayage and dec- 
orating contractors are requested to make 
contingency plans to move and set up ex- 
hibits in the Phoenix Civic Plaza. 


Since our meeting preregistration cards 
are already on a truck enroute to Las Vegas, 
we cannot plan to advise registrants if the 
meeting is changed. Caesars Palace readily 
agrees, if necessary, to send telegrams to 
meeting registrants with reservations at 
their hotel and to the overflow registration 
at the MGM Grand hotel. 


Wednesday, March 10—midnight in Las 
Vegas, Thursday, March 11—3 a.m. in 
Cleveland. Caesars Palace advises that the 
union vote on the new contract has been 
postponed until after negotiations are re- 
sumed twelve hours later. The hotel feels 
the situation is serious, but not altogether 
impossible. In the absence of a clear-cut 
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union decision, the burden is completely on 
us. H-Hour is here! The consensus after 
several telephone calls to IARS Board mem- 
bers is: we are determined to hold the 50th 
Congress so we must move to Phoenix. More 
telephone calls and all the prearranged con- 
tingency procedures are implemented. Six 
hours later the IARS staff is in the air to 
Phoenix with 72 hours remaining to revamp 
our meeting plans and start from scratch 
with 2 hotels and a separate convention cen- 
ter we had never seen. 


Thursday, March 11th—2:30 p.m., Phoe- 
nix. Initial misgivings and anxiety give way 
to relief as the IARS staff is greeted by the 
Phoenix Convention Bureau staff and taken 
directly from the airport to a meeting with 
an enthusiastic delegation from the hotels, 
civic center and service and supply firms 
whose assistance is essential to salvaging 
our meeting. Their sincere interest, concern 
and know-how is reassuring. We begin to 
see a rainbow in the Valley of the Sun! 


Friday, March 12th: In Las Vegas: The 
culinary workers vote to strike. Ironically, 
we are now grateful to them for two reasons. 
First, the national news coverage will reach 
the registrants we were unable to contact 
directly. And, since the decision to move 
was made before the strike was voted, we 
now assume the role of foresighted planners 
—much nicer than the best of the possible 
alternatives. 


The last of five double trucks containing 
the technical and scientific exhibits is load- 
ed and starts the 250-mile haul to Phoenix. 
We calculate the cost and are temporarily 
anesthetized. What price determination! In 
Cleveland: The IARS office telephones are 
ringing off the hook as the meeting change 
telegrams are being received all over the 
country. Unfortunately, the news coverage 
of the strike has not reached some areas— 
and is sketchy and confusing in others. 
Many of the callers are understandably up- 
set and baffled. They’re not happy—but 
“Ma Bell" has no complaints. 


In Phoenix: The contract is signed with 
the Civic Center for meeting and exhibit 
space; audio-visual equipment is ordered; 
social functions arranged with the Hyatt 
Regency; airlines contacted and urged to 
supplement scheduled service in and out of 
Phoenix; news services contacted to publi- 
cize the Las Vegas strike and our move to 
Phoenix; housing and reservation details 
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coordinated with cooperating hotels, who 
are now checking in the first of our regis- 
trants. Caesars Palace management person- 
nel arrive mid-afternoon with a station 
wagon full of IARS convention supplies, in- 
cluding vital preregistration cards. We are 
relieved to find everything has come through 
except the Golden Anniversary souvenir 
pens. (They finally arrived on Wednesday, 
the second last day of our meeting.) 


Saturday, March 13th: Six registration 
clerks from the Phoenix Chamber of Com- 
merce assist in embossing, typing and stuff- 
ing badges for 1700 preregistrants, including 
spouses and exhibitors. On completion at 
9:30 p.m. there is much speculation on the 
number of badges that would be picked up. 


Exhibit trucks arrive in Phoenix and are 
uncrated in the Civic Plaza. When the last 
exhibit is assembled on Sunday afternoon, 
all are present and accounted for except one 
—Dr. T. J. Akamatsu’s “Ketamine for Par- 
turition” scientific exhibit is missing. It is 
located two days later—in Reno of all 
places. 


Many more check-ins at the Hyatt Re- 
gency and the Adams Hotel. It’s working! 


Sunday, March 14th: Registration opens 
on schedule at 1 p.m. and immediately takes 
on the aura of an army reunion. The "'sur- 
vivors" straggle in with assorted tales of 
relief£, amazement and woe. Someone sug- 
gests we attach purple hearts to the gold 
badges. The bouquets take a decided lead 
over the brickbats, and we maintain an anx- 
ious vigil over the badges that still need 
to be claimed. Around 4:30 p.m., Dr. Anis 
Baraka, a program participant from em- 
battled Beirut, Lebanon, checks in and is 
greeted like a conquering hero. He is 
amazed at the fuss. “You think you have 
problems? When I left Lebanon last night, 
we had two presidents and two armies." At 
that point, we didn't know whether to laugh 
or cry with him, but we knew one thing 
for sure: It had been a "gutsy," hectic, up- 
hill and expensive week for us, and even if 
nobody else shows up, it was all worth it. 
The 50th Congress was alive and well— 
and open for business. 


Miss Dorothy Merich, 
IARS Cleveland Office 


Mrs. Agnes M. Osborn, 
Rochester Editorial Office 
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EPILOGUE 

The final program of the meeting included 
this sentence: “That the 50th Congress is 
being held today is indeed a monument to 
the continued vitality of the specialty which 
supports it." When that was written we had 
no idea how truly prophetic it was. No mat- 
ter how determined we were that it would 
take place, it couldn't have happened with- 
out an equal commitment from our mem- 
bers. When we closed the meeting on Thurs- 
day, March 18th, we found that professional 
registration totaled 825 out of 977 pre-regis- 
tered. Total meeting registration was 1425 
vs 1700 preregistered. Another national 
meeting, also displaced by the Las Vegas 
strike preregistered 2000 and ended up with 
800 attending. We can add nothing to the 
comparison except our warm appreciation 
for the wonderful support. 


We are especially grateful to Dr. King 
whose distant early warning from Missoula 
quite possibly saved the day. We subse- 
quently learned that a commitment was 
sought for the Phoenix space that we used 
just five hours after we had secured it. 


Outside of the specialty there were a 
great many others whose interest, concern 
and hard work were invaluable and should 
be noted: 


Charley Monahan and Bill 'Tobin of Cae- 
sars Palace Hotel for their wholehearted 
cooperation in effecting the transfer; Ted 
Sprague, Pam Cash and their numerous as- 
sistants at the Phoenix and Valley of the 
Sun Convention Bureau for their round-the- 
clock, enthusiastic response to our SOS; 
Wally Oberlender and his staff at the Hyatt 
Regency and Ron Lindemann and the 
Adams Hotel personnel for their efficient 
handling of our meeting needs and the many 
courtesies extended to our registrants; 
Charles B. Slack and the staff of our exhibit 
management company for their extra efforts 
and cooperation in overseeing this aspect of 
the meeting transfer; Denny Maus and the 
employees of the Phoenix Civic Plaza who 
were unfailingly cooperative in providing for 
our meeting needs; Dr. Brian Lockwood at 
the St. Luke’s Medical Center in Phoenix 
for loaning us some of their audio-visual 
equipment not otherwise available in the 
area. 

To all of them, our sincere thanks and 
appreciation. 

For the IARS Board of Trustees, 

Kenneth K. Keown, M.D., Chairman; 
Emerson A. Moffit, M.D., Vice Chairman; 
and B. B. Sankey, M.D., Executive Secretary. 
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To the Board of Trustees and Program Committee: 


I want to congratulate you and your staff for successfully moving the International 
Anesthesia Research Society Meeting so smoothly from Las Vegas to Phoenix. Everyone 
was amazed at the painless, effective transition. 


Also, I would like to comment upon two significant events at the Fiftieth Congress of 
the International Anesthesia Research Society. I thought the $10,000 contribution to the 
ASA for furthering research was generous and is certainly timely. I think the change in 
format to running simultaneous presentations did successfully enhance the value of the 
meeting by broadening the scope of presentations and increasing the number of worth- 
while papers. 


J. G. Reves, MD 

Department of Anesthesiology and 
Pharmacology 

University of Alabama Medical Center 

Birmingham, Alabama 


To the Board of Trustees and Program Committee: 


I would like to express my appreciation for the great effort and excellent performance 
which occurred in transferring our 1976 meeting from the scheduled site in Las Vegas to 
the actual site, Phoenix, Arizona. The smoothness and efficiency with which this change 
was implemented stands as a tribute to both the Board of Trustees and the Program Com- 
mittee and indicates that our society remains active, useful and responsive to the needs 
of its membership. I feel privileged to be counted as a member. 


Edward A. Brunner, MD, PhD 
Department of Anesthesia 
Northwestern University 

The Medical School 

Chicago, Illinois 
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90th Congress Technical Exhibitors 


A note of thanks to the following 63 companies for their support of our Golden Anni- 
versary meeting. Despite the confusion and inconvenience of the last-minute move from 
Las Vegas to Phoenix, 58 of the exhibits were staffed and “open for business" to a most 
appreciative audience. The I.A.R.S. Board of Trustees is especially grateful for their 


understanding cooperation. 


Abbott Laboratories 

Air Products and Chemicals, Inc. 
Air Shields, Inc. 

Allergan Pharmaceuticals 

American Optical Corporation 
Anesthesia Associates, Inc. 
Anesthesia Medical Specialties 
Applied Medical Research Corporation 
Astra Pharmaceutical Products, Inc. 
Audio-Digest Foundation 

Ayerst Laboratories 


Becton-Dickinson,Division of Becton, 
Dickinson and Company 


Bivona Surgical Instruments, Inc. 
Bourns Life Systems 

Burroughs Wellcome Co. 

Cal-Med Electronics Co. 


Cavitron/KDC Medical Sales 
A Division of Cavitron Corporation 


Chemetron Medical Products Division 
Concept, Inc. 

Cook Incorporated 

Cyprane North America, Inc. 
Datascope Corp. 

Deseret Pharmaceutical Co., Inc. 
Devices Limited, Instrument Division 


Diamed, Division of Illinois Tool Works Inc. 


Dupaco, Incorporated 


Elsevier/Excerpta Medica/North-Holland 


J. H. Emerson 
Encyclopaedia Britannica Inc. 


Extracorporeal Medical Specialties, Inc. 


Fenwal Laboratories 

Harris-Lake, Inc. 

International Biophysics Corporation 
Jelco Laboratories 


K & G Healthcare Industries 
Anesthesia Division 


Liquid Carbonic Corporation 
McNeil Laboratories, Inc. 
Medsonics, Inc. 

Monitrode, Inc. 

National Catheter Corp. 

North American Drager 

Ohio Medical Products 
Organon Inc. 

Pall Biomedical Products Corp. 
Parke, Davis & Company 
Penlon Inc. 

Perkin-Elmer Corporation 
Pfizer Laboratories 
Pharmaseal Laboratories 
Professional Educational Aids 
A. H. Robins Company 

Royale Laboratory 

Rusch Inc. 

W. B. Saunders Co. 


Surgikos, A Johnson & Johnson Company 


Tektronix, Inc. 

Travenol Laboratories, Inc. 
Vital Signs, Inc. 

Williams & Wilkins Company 
Winthrop Laboratories 
Wyeth Laboratories 

Xomed 


К 
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Case History Number 90: 


Cardiac Decompensation During Enflurane Anesthesia 
in a Patient with Myotonia Atrophica 


MICHAEL B. MEYERS, MD* 
PAUL С. BARASH, МОТ 


New Haven, Connecticut 


T= patient, a 43-year-old, 83 kg man, 
was admitted to the hospital with the 
chief complaint of nonradiating right upper 
quadrant and midepigastric tenderness. Phy- 
sical findings consistent with myotonic dys- 
trophy, noted 4 years before, were also 
present at this admission. 


Vital signs and laboratory data, including 
hemogram and liver profile, were normal. 
Serum K* was 3.3 mEq/L (normal=3.6 to 
5.5 mEq/L); other serum electrolytes were 
within normal range. Chest x-ray was nor- 
mal and ECG demonstrated a 1st-degree 
heart block. Arterial blood gases (ЕО, = 
0.21) were: pH 7.56, Paco, 22 torr, Рао, 
76 torr. 


On the 4th hospital day, the patient was 
premedicated with 10 mg of morphine sul- 
fate, 100 mg of secobarbital, and 0.5 mg of 
atropine IM. One hour later, on admission 
to the operating room for cholecystectomy 
and common bile duct exploration, his vital 
signs were arterial blood pressure (BP) 
130/90 torr, pulse 80 bpm and respirations 
15/minute. Anesthesia was induced with 
180 mg of thiopental IV and NO (70%) 
in O, supplemented with enflurane (2% 
inflow concentration into the circle system) . 
The trachea was intubated without the use 
of muscle relaxants. 


*Resident. 
TAssistant Professor. 


Following induction, anesthesia was main- 
tained with N,O (60%) in O, with enflu- 
rane (295). Ten minutes later under con- 
trolled ventilation, the pulse rapidly de- 
creased to 70 bpm and systolic BP de- 
creased to 50 torr. The patient was given 
0.5 mg of atropine IV without response. En- 
flurane was discontinued and 30 mg of 
mephentermine IV was administered in di- 
vided doses. Within 1 minute, the BP rose 
to 150/90 torr and pulse to 110 bpm. A ra- 
dial artery catheter and pulmonary artery 
flow-guided catheter were introduced per- 
cutaneously. 


Pulmonary capillary wedge pressure was 
10 torr and cardiac output was 5.2 L/min 
(thermodilution). Arterial blood gases 
(Е10,= 0.5) were: pH 7.40, Paco, 29 torr, 
Pao, 70 torr. The pulmonary capillary 
wedge pressure remained stable for 90 min- 
utes. Lactated Ringer’s solution was infused 
at a rate of 8 to 10 ml/kg/hr during the first 
90 minutes.At this time, the ECG recorded 
a right bundle branch block and the pul- 
monary capillary wedge pressure was noted 
to have increased to 22 torr (BP 110/60 
torr). Arterial blood gases (Fio, = 0.5) 
were: pH 7.59, Расо, 19 torr, and Рао» 
87 torr. Cardiac output was 4.5 L/min. Fol- 
lowing furosemide (40 mg IV), the pulmo- 
nary capillary wedge pressure returned to 


iDepartment of Anesthesiology, Yale University School of Medicine, New Haven, Connecticut 06510. 


Reprint requests to Dr. Barash. 


This feature was conducted by Edwin S. Munson, Associate Editor, Professor, Department of Anesthesi- 
ology, University of Florida College of Medicine, Gainesville, Florida 32610. 
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12 torr (BP 120/70) during the rext 30 
minutes. The remainder of the 4-hour an- 
esthetic procedure was uneventful. 


At the completion of the operation, the 
patient was admitted to the Surgical Inten- 
sive Care Unit (ICU), where ventilation 
was assisted by a volume-limited ventilator. 
A 12-lead ECG recorded a right bundle 
branch block with anterior T wave inversion, 
which was interpreted as either "secondary 
to the right bundle branch block or ische- 
mia." Postoperative chest x-ray was within 
normal limits. Cardiac output was 9.5 
L/min, pulmonary capillary wedge pressure 
was 5 torr, and BP was 170/90 torr. Three 
hours later, tracheal extubation was accom- 
plished and 40%, O, given by mask. 


On the 1st postoperative day, the patient's 
condition was stable. The ECG revealed 
disappearance of the right bundle branch 
block and T wave inversion with return to 
preoperative 1st-degree heart block. He 
was discharged from the ICU after 3 days 
and from the hospital 15 days postopera- 
tively. 


DISCUSSION 

Myotonic dystrophy is associated with 
unexpected perioperative morbidity and 
mortality.! Although there are numerous 
studies of respiratory function pertaining to 
operative management, there has been little 
focus on the cardiovascular stability of these 
patients in the anesthetized state. 


Cardiac abnormalities are becoming in- 
creasingly appreciated in this disease as a 
concomitant to the skeletal muscle dis- 
order." Although cardiac manifestations usu- 
ally occur relatively late in the ccurse of 
the disease, they may precede clinical rec- 
ognition of the primary disease process.? 
The ECG most commonly reflects conduc- 
tion abnormalities, i.e., atrioventricular de- 
lay and/or aberrant intraventricular impulse 
propagation.! Disturbances of rhythm, es- 
pecially bradycardia, are frequently noted.* 
Furthermore, ECG and vectorcardiographic 
(VCG) changes simulating myocardiac in- 
farction have been reported.":* 


Cardiac catheterization in unanesthetized 
patients has revealed elevated right ven- 
tricular, pulmonary artery diastolic and pul- 
monary capillary wedge pressures.*-* To our 
knowledge, there has been no prior report 
of abnormalities of pulmonary artery pres- 
sures in the anesthetized subject. There is 
little correlation between the extent of mus- 
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culoskeletal impairment and cardiovascular 
reserve in these patients. The etiology of 
the cardiac dysfunction has been theorized 
to be a genetically determined biochemical 
abnormality, a degenerative cardiomyopa- 
thy,!” or a combination of the latter with 
ventilatory insufficiency." Fearrington and 
associates? hypothesized that sudden death, 
which is common in myotonic dystrophy, 
may be due to cardiovascular causes second- 
ary to the cardiomyopathy seen in over 
50% of cases studied at autopsy. 


Preoperatively, the ECG, exercise testing, 
and VCG can be used to evaluate these pa- 
tients. Continuous intraoperative and post- 
operative monitoring of the ECG and arte- 
rial BP is recommended. Since these pa- 
tients can have associated degenerative car- 
diomyopathy, it is reasonable to assume 
they may exhibit varying degrees of left 
ventricular dysfunction. Thus, in addition, 
pulmonary artery pressure monitoring should 
be considered, since left ventricular dysfunc- 
tion may elude clinical or laboratory detec- 
tion. 
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Case History Number 90 435 


Comment 
EDWIN S. MUNSON, MD 


The cardiorespiratory abnormalities associated with the muscular dystrophies 
are of particular concern to the anesthesiologist. Last year, an article in this 
Journal by Ravin and colleagues (Anesth & Analg 54:216-218, 1975) discussed 
the anesthetic management of such patients and emphasized the increased sensi- 
tivity of the respiratory system to anesthetic agents. Although cardiac arrhythmias, 
ECG abnormalities, and even sudden death have been observed for over half a 
century, few reports of cardiac complications have appeared in the anesthetic 
literature. 


This month's Case History represents a well-documented report of cardiac 
decompensation during enflurane anesthesia. 'This case history discusses various 
aspects of the cardiac pathophysiology and gives recommendations regarding the 


J 


clinical management of myotonia atrophica patients. 


Comment 


GEORGE M. SAVIELLO, MD 
Department of Anesthesiology 
University of Florida 
Gainesville, Florida 


It has long been known that the cardio- 
vascular system may be involved in myo- 
tonic dystrophy. Since the first report in 
1912 of marked bradycardia and irregular 
cardiac action, there have been several re- 
ports concerning involvement of the cardio- 
vascular system.! The incidence of ECG 
abnormalities ranges from 40 to 70 per- 
cent.?.? The principal abnormality detected 
has been an alteration of the P-R interval, 
mainly some variety of heart block. This 
alteration in the ECG is frequently present 
in the absence of any clinical symptoms. 
It has, in fact, been the means of diagnosis 
of an early case of myotonic dystrophy.? 


There have been few reported cases of 
clinicopathologic correlation between the 
ECG and autopsy specimens.*^ Of these 
few, it appears that an infiltrative process 
of some type is responsible for the conduc- 
tion defects. Coronary vasculature appears 
to be fairly well maintained. This causes a 
cardiomyopathy, frequently observable on 
VCG, and very often neglected clinically. 


It is well established that these patients 
may have significant respiratory problems 
due to myotonia and muscle wasting.® It is 
now also obvious that they may have sig- 
nificant cardiovascular problems, with mini- 
mal or absent symptoms and laboratory evi- 
dence. Perhaps the reason these patients 
do not get into trouble is that muscle weak- 





ness limits activity and strain on the cardio- 
vascular system. 


Such patients must be anesthetized with 
extreme care. Careful attention should be 
paid to ventilation and airway management, 
and postoperative mechanical ventilation 
must be available. It would be prudent to 
assume that all patients have some degree 
of cardiomyopathy. Therefore, a technic 
should be used which has minimal effects 
upon the cardiovascular system. 'The potent 
inhalational agents with their myocardial- 
depressant properties should be avoided; a 
“balanced” N.O-O. anesthetic, supplement- 
ed with narcotics to avoid the use of muscle 
relaxants, would be a logical choice. The 
selection and administration of anesthesia 
to these patients should be made with the 
same thoughtfulness and care as for patients 
with coronary artery disease. 
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Comment 
DEAN H. MORROW, MD 
Department of Anesthesiology 
Baylor College of Medicine 
Texas Medical Center 
Houston, Texas 


Doctors Meyers and Barash are to be 
complimented for bringing to our attention 
this observation of altered intracardiac im- 
pulse conduction and associated hemody- 
namic deterioration while anesthetizing a 
patient with myotonic dystrophy. 


The sequence of electrocardiographic 
events described in this case history suggests 
a responsible anesthetic-related electrophy- 
siologic conduction alteration. Two previous 
reports!.? indicate that intracardiac conduc- 
tion is prolonged by both halothane and 
methoxyflurane in normal dogs. Unfortun- 
ately, similar measurements have not been 
performed with enflurane in either normal 
or myogenic animal models. Thus, one can 
only speculate that in this patient, enflu- 
rane suppressed conduction sufficiently to 
produce right bundle branch block and re- 
sultant hemodynamic deterioration. The 
observation that discontinuation of enflu- 
rane and administration of atropine and 
mephentermine increased heart rate suffi- 
ciently to restore adequate cardiac output, 
and that this favorable chronotropic re- 
sponse occurred despite a temporary persist- 
ence of the conduction deficit, should be 
borne in mind by those faced with a similar 
situation. In the event of an atropine-resist- 
ant bradycardia, IV isoproterenol infusion 
or transvenous ventricular pacing might be 
required. 


Hopefully, in the near future, comprehen- 
sive data will be available defining the ef- 
fects of all currently used anesthetic combi- 
nations on intracardiac conduction. This 
information should permit improved anes- 
thetic management of patients with heart 
block of many etiologies and, in particular, 
that group in which the conduction altera- 
tion is a part of the myotonic dystrophy 
syndrome. 
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Comment 


MARTIN D. SOKOLL, MD 
Department of Anesthesia 
University of Iowa Hospitals 
Iowa City, Iowa 


Myotonic dystrophy is usually thought 
to be a disease affecting principally skeletal 
muscle. There is, however, increasing evi- 
dence of cardiac involvement in most, if not 
all, patients with this disease.! Patients with 
this dystrophy often die suddenly. Caughey 
and Myrianthopoulos? attribute this to the 
sudden development of lethal arrhythmias. 
Likewise, these patients are known to de- 
velop sudden bouts of congestive failure 
without other predisposing сацѕе.1.2 


On the standard ECG, the commonest ab- 
normality noted in patients with myotonic 
dystrophy is some type of conduction de- 
fect. This abnormality is seen in at least 
50% of such patients. Griggs’ group? in- 
serted both His-bundle recording electrodes 
and atrial-pacing electrodes in 11 patients 
with this disease. Three patients had normal 
ECGs, while the remaining 8 had obvious 
conduction defects. All 11 patients devel- 
oped Wenckebach phenomenon at rates of 
140 bpm or less. This is considered an ab- 
normally slow rate for the appearance of 
conduction defects. 'These data strongly 
suggest that all patients with myotonia dys- 
trophica have either overt or latent conduc- 
tion abnormalities. 
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Defective Disposable Endotracheal Tube 


TAI-MAO CHIU, MD* 
ELSIE F. MEYERS, MD} 


St. Louis, Missouri 


I^ THE past few years, sterile disposable 
polyvinyl-chloride endotracheal tubes 
have been widely utilized with a good safety 
record. Complications have included damage 
to tissues caused by polymers and elas- 
tomers, problems with the cuffs, and defec- 
tive material within the lumen.'-* 


We recently encountered a new hazard: 
the punched-out area forming the Murphy 
eye was still in situ (figure). This irregu- 
larity was noted prior to intubation. On 
application of pressure, the punched-out 
piece came loose and fell into the lumen of 
the tube. Vigorous tapping was required for 
dislodgement. 


'This report is a reminder of the impor- 
tance of careful inspection of endotracheal 
tubes in order to avoid introduction of an 
endotracheobronchial foreign body. 
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FIGURE. The punched-out area forming the Murphy 
eye: a possible foreign-body hazard. 
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Fatal Complication from Swallowed Denture Following 
Prolonged Endotracheal Intubation: А Case Report 


GUNNAR A. KROESEN, MD* 
BRUNO C. HAID, MD} 


Innsbruck, Austriat 


49-YEAR-OLD woman was involved in a 

traffic accident and suffered shock, 
cerebral concussion, bilateral maxillary frac- 
tures, basal skull fracture, and multiple 
lacerations of the legs. During the first 2 
weeks of her hospitalization, the patient 
remained intubated with a #8 disposable 
polyethylene cuffed orotracheal tube. The 
cuff was only intermittently inflated. The 
patient was extubated on the 13th day. 


Immediately after extubation, she devel- 
oped mild laryngeal stridor, which respond- 
ed well to cortisone and calcium therapy. 
Within 3 hours, the patient was breathing 
easily and spontaneously, although she was 
still unable to speak. 


Five hours later, while her nurse was per- 
forming oral toilet, the patient became cya- 
notic and then suffered a complete respira- 


tory arrest. Artificial respiration was admin- 
istered with a bag and mask, but the pa- 
tient’s thorax did not move. About 3 min- 
utes later, reintubation was attempted 3 
times without success. The glottis, which 
could be visualized, was bluish and swollen. 
Cardiac arrest occurred and external mas- 
sage was started immediately. An emer- 
gency tracheotomy was performed.! Ventila- 
tion was begun and the standard cardiopul- 
monary resuscitation measures were applied, 
but without success. 


A postmortem direct laryngoscopy re- 
vealed a fragment of the patient’s dentures 
hooked and firmly lodged in the larynx be- 
yond the vocal cords (figure). Apparently, 
it had been lying somewhere in the pharynx 
since the day of accident and (after over 13 
days of tracheal intubation and more than 
5 hours following extubation) was aspirated 





FIGURE. 
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Fragment of broken dentures, easily removed from larynx by forceps at necropsy. 
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Brief Reports 


during the last oral toilet, blocking the up- 
per airway completely.? However, it was 
removed with a Magill forceps. 


This case report emphasizes the impor- 
tance of carefully examining dentures for 
evidence of fragments that may be left be- 
hind in the upper airway. 
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Hypercapnia During Cyclopropane Anesthesia: А Case Report 


STEPHEN T. BARASCH, MD* 
SANDRA BOOTH, CRNAT 
JEROME H. MODELL, МО 


Gainesville, FloridaS 


C YCLOPROPANE usually is administered 
by a closed-circle system which relies 
entirely on chemical CO, absorption to 
avoid hypercapnia. A properly functioning 
anesthesia machine and breathing circle are 
essential with this anesthetic technic. A 
case report of hypercapnia caused by defec- 
tive equipment during closed-circle cyclo- 
propane anesthesia is described and meth- 
ods of avoiding this complication are sug- 
gested. 


A healthy 21-year-old woman scheduled 
for vaginal hysterectomy was premedicated 
with pentobarbital (100 mg), meperidine 
(25 mg), and atropine (0.4 mg) IM. After 
45 minutes, anesthesia was induced with 
thiopental (50 mg) IV and 50% cyclo- 
propane in O,, administered by face mask 
via a closed-circle absorber system (total 
flow 0.5 L/min). 'The concentration of cy- 
clopropane gradually was reduced to 15%. 
Approximately 10 minutes after induction, 
multifocal ventricular premature contrac- 
tions were noted. Lidocaine (50 mg) was 
given IV with no apparent effect. About 5 
minutes later, the patient appeared to be 
hyperventilating, with very deep respira- 
tions. Her pupils were dilated and skin ap- 
peared mottled. Blood drawn from the ra- 
dial artery showed a pH of 7, Paco. of 108 
torr, and Pao, of 320 torr. 


*Chief Resident, Critical Care. 
tNurse Anesthetist. 
iProfessor and Chairperson. 


Cyclopropane was discontinued and N.O- 
О„ (3:2 L/min) was passed into the circle 
system. The patient's color improved and 
her respirations became less labored. Blood 
drawn 15 minutes later showed a pH of 
7.34, Paco, of 37 torr, and Pao, of 230 torr. 
Ventricular arrhythmias ceased shortly after 
increasing the fresh gas flow rate to the 
circle system, and the surgical procedure 
was completed without further incident. The 
patient's systolic blood pressure ranged from 
110 to 130 torr and her pulse from 90 to 
110/min throughout the procedure. She was 
taken to the recovery room in good condi- 
tion and had an uneventful postoperative 
course. The anesthesia machine was re- 
moved from the operating room and tested. 


Equipment Test.—To assess the efficacy 
with which the circle system absorbed CO», 
we evaluated ventilatory responses of a vol- 
unteer subject. A Godart capnograph was 
placed just distal to the inspiratory valve 
and a pneumotachygraph was connected in 
series with the expiratory hose at the mask 
Y connector. The expiratory flow was ana- 
lyzed electronically on a Model M300 Re- 
spiratory Parameter Monitor,* to give in- 
stantaneous values for minute volume (Vy), 
respiratory rate in breaths per minute (f), 
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TABLE 
Ventilatory Responses in a Volunteer Breathing O; ina 
Closed-Circle System for 15 Minutes Followed by O; in a 


Semiclosed-Circle System (5 L/min) for 15 Minutes 
а Е Ó— —— За та с cu EE 








Closed system Semiclosed system 
Stort 5 min 10 min 15 min 20 min 25 min 30 min 
Vx, L/min 5.2 8.7 10.9 16.1 10.9 8.5 7.6 
Vt, L 0.29 0.45 0.48 0.62 0.53 0.49 0.43 
f 18 19 23 26 20 17 17 
FICO: 0 0.05 0.06 0.08 0.05 0.04 0.03 


and tidal volume (Vt). The capnograph per- 
mitted continuous monitoring of the CO, 
concentration of inspired gas (Fico.). 


The soda lime was confirmed to be white 
and the canister bypass valve of the Ohio 
Model 21 absorber to be closed fully. We 
administered O, by face mask via the closed 
system, continuously recording Ў}, Vt, f, 
and Fico». After 15 minutes, the breathing 
circle was changed to a semiclosed system 
by opening the pop-off valve and increasing 
the O, flow rate to 5 L/min. The test was 
continued for an additional 15 minutes. Re- 
sults are shown in the table. 


Since the failure of the anesthesia ma- 
chine to absorb CO, had been confirmed, 
we dismantled the breathing-circle compo- 
nents to search for the cause. The canister 
bypass valve was closed and functional and 
inspiratory and expiratory valves were in 
good working order. 'The soda-lime granules 
were white, cool, and adherent, forming a 
solid cake. 


Granules from the cake, tested on a blood- 
gas machine for CO, absorbing capacity by 
placing them in a column through which 
was flowed a mixture of 10% CO, and 90% 
No, gave a Pco, of 72 torr inflowing and 68 
torr effluent, indicating almost no CO, ab- 
sorption. The granules remained white and 
cool during the 12-minute test period. As a 
control, fresh indicator soda lime, tested in 
an identical manner, showed an inflow Pco, 
of 72 torr and an effluent Pco, of less than 
10 torr (the lower limit of the blood-gas 
machine). These granules turned blue with- 
in 2 minutes and the column felt warm. 
Water condensed on the column wall. An 
additional sample of granules from the ab- 
sorber was analyzed by a manufacturert of 
indicator-grade soda lime and was found to 
have “no indicating qualities.” 


TOhio Medical Products, Madison, Wisconsin. 
1W. A. Hammond Drierite Company, Xenia, Ohio. 





DISCUSSION 

Our practice has been to replace the upper 
CO, absorption canister with the lower can- 
ister when the upper attains a stable blue 
color, and to place fresh soda lime in the 
lower section. In proposing the use of the 
double canister, Elam! stated that “cycling 
of the two chambers of absorbent insures 
complete removal of carbon dioxide . . ." 
and suggested that the chambers be cycled 
after 8 hours of rebreathing in a closed-circle 
system. However, since significant CO, 
leakage through the canister can occur in 
5.5 hours if the absorbent is packed incor- 
rectly and peripheral channeling results? 
time of use per se is an unreliable indicator 
of CO, removal. 


While recognizing the value of indicator 
dye in the double canister system, Adriani? 
stressed that measuring the CO, concentra- 
tion of gas after canister use is the only 
reliable method to judge the completeness 
of CO, absorption. 


We have shown that the complete absence 
of blue color in soda lime assumed to con- 
tain ethyl-violet indicator does not insure 
that the soda lime is capable of CO, absorp- 
tion. Furthermore, since soda lime is manu- 
factured both with and without indicator, 
it is possible that soda lime without indi- 
cator may inadvertently be used. Neverthe- 
less, we were able to detect soda-lime ex- 
haustion by analysis of CO, concentration of 
gas within the inspiratory hose of the circle 
system. 


We do not know when the soda lime was 
last changed in our machine; however, other 
patients were anesthetized previously with- 
out apparent difficulty. In those patients, 
however, a semiclosed technic with 5 L/min 
flows was used; thus, there was little de- 
pendence on the absorption canister for CO, 
removal.* It was not until we used a closed- 
circle system (0.5 L/min inflow rate) that 
the problem was apparent. 


Brief Reports 


In the clinical situation in which incom- 
plete CO, absorption is suspected, it is a 
simple procedure to withdraw a sample of 
gas from the inspiratory hose and determine 
the Pco, with either a СО, electrode or an 
infrared CO, analyzer. This maneuver would 
have been helpful in detecting our problem 
earlier. 
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Calibration of the Narkotest® Gas Monitor for Isoflurane 


JOSE L. VELAZQUEZ, MD* 
ALFRED FEINGOLD, MS, MD} 


Miami, Floridat 


HE Narkotest®§ anesthetic gas analyzer 

was introduced as a simple, inexpensive 
device to measure in-circuit halothane con- 
centration. It was later shown to respond 
to all inhalation anesthetics approximately 
in proportion to the minimum alveolar con- 
centration (MAC) .2 It consists of 4 strips 
of silicon rubber connected by a lever to a 
scale pointer. When exposed to anesthetic 
agents, the strips relax, causing movement 
of the pointer. 'This instrument was shown 
by Lowe and Hagler? to respond linearly to 
6 inhalation anesthetics. 


We have calibrated the Narkotest for the 
new anesthetic, isoflurane, and summarized 
the calibration factors for 9 other anesthet- 
ics. 


Using an O, flow of 5 L/min, selected 
concentrations of isoflurane up to 3% were 
equilibrated with the Narkotest monitor. 
Gas concentrations were measured by a 
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Hewlett-Packard gas chromatograph, using 
appropriate standards, and were plotted 
against the reading on the Narkotest. The 
least squares method was used to determine 
the best fit line through these points. 


The Narkotest response to isoflurane is 
rectilinear (r=0.99). As the slope of the 
line (calibration factor) is 1.8, the Narko- 
test reading should be multiplied by 1.8 to 
obtain the isoflurane concentration in vol- 
umes percent. The calibration factors for 
other anesthetics are summarized in the 
table (third column). 


This calibration factor is proportional to 
anesthetic rubber/gas and oil/gas solubility 
and inversely proportional to silicon-rubber 
retention times.? Therefore, more potent 
anesthetics require lower gas concentration 
to cause the same deflection of the pointer. 
Since anesthetic potency is correlated with 
oil/gas solubility, the Narkotest monitor 
roughly approximates the “MAC meter” 
suggested by Lowe.? When the Narkotest 


Department of Anesthesiology, University of Miami School of Medicine and Veterans Administration 


Hospital, Miami, Florida 33152. 


This study was supported in part by NIH Grant #5 Tol GMO 1714-09. 


Reprint requests to Dr. Feingold. 
Paper received: 6/23/75 
Accepted for publication: 8/21/75 


442 ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 3, MAY-JUNE, 1976 
TABLE 
Narkotest Anesthetic Gas Monitor Calibration Factors and 
Reading at 1 MAC for 10 Anesthetic Agents* 


MAC* Calibration factors for converting Narkotest reading 





Anesthetic (volumes 94) Narkotest reading to volumes 9/5 at 1 
Cyclopropane 9.2 13.0* - 13.57 0.7*+ 
Diethyl ether 1.9 1.25* - 1.151 1.5* - 1.67 
Divinyl ether 3.0 2.37 1.37 
Enflurane 1.7 1.46* - 1.64} 1.2* - 1.07 
Fluroxene 3.4 2.3* 1.5* 
Halothane 0.75 1.0*4 0.8*t 
Isoflurane 1.3 1.81 0.7¢ 
Nitrous oxide 101.0 151.04 - 171.07 0.71 - 0.67 
Methoxyflurane 0.16 0.16* - 0.201 1.0* - 0.87 
Trichloroethylene 0.2 0.33+ 0.67 


А. 
*Data from Lowe’; jdata from White апа Wardley-Smith,? recalculated for MAC as recommended by 
Steward and associates.* 


tAuthors' data. 


2. Lowe H, Hagler K: Clinical and laboratory 
evaluation of an expired gas monitor (Narko-test). 
Anesthesiology 34:378-382, 1:971 


3. White DC, Wardley-Smith B: The *Narko- 
test" anaesthetic gas meter. Br J Anaesth 44:1100- 
1104, 1972 


4. Steward A, Allott PR, Cowles AL, et al: 


readings at 1 MAC are calculated (last col- 
umn, table), the readings range from 0.6 
for trichloroethylene to 1.6 for diethyl ether. 
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We Salute.. 
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UR nominee for this traditional “Salute” 
offers a synthesis of the better attri- 
butes of the many thus honored over the 
years. A portrait of Paul Rudolph Dumke 
imparts the characteristics of a proud Prus- 
sian-Germanic heritage and the area of our 
country in which he was reared—that ro- 
mantic and culturally rich region known as 
The Western Reserve—carved out of the 
old Northwest Territory. Born in 1911, the 
only child of Richard Rudolph and Martha 
Schmidt, young Paul had a strict Lutheran 
upbringing, progressing through the public 
school system, where his versatility in learn- 
ing, leadership, and athletics was ever ap- 
parent. 


Matriculation at Oberlin on a merit 
scholarship witnessed the beginning of a 
series of encounters with wise preceptors 
who would leave a lasting impress on the 
student's mind. One would have had Paul 
concentrate on Germanic studies, another 
offered the lure of chemistry. 


And so it came to pass in 1937, at West- 
егп Reserve University Medical School, 
where certain workers in the vineyard of 
hypertension, such as Harry Goldblatt and 


Paul Rudolph Dumke, M.D. 





Joseph Hayman, were attracted by the qual- 
ities of their student, Dumke. Through their 
guidance, his path led to the University of 
Pennsylvania, to the Departments of Phar- 
macology and Physiology and the inspira- 
tion of the inventive minds of Carl R. 
Schmidt, Grayson McCouch, and Julius H. 
Comroe, Jr. More than a few publications 
on respiration and circulation bear the name 
of Dumke et al. 


But, time out in 1937 for a felicitous 
union with Dorothy Louise Foster, and sub- 
sequent issue: Robert, now a teacher in the 
Detroit school system; and Catherine, a 
paralegal assistant in a Detroit firm. Early 
on, the family moved from town to town in 
line of military duty. Those who know the 
man would not be surprised to learn that 
medical soldier Dumke terminated a career 
in the Reserves with the rank of Lieutenant 
Colonel. Likewise, how logical it was that 
he should soon join the burgeoning army of 
anesthetists. 


At the University of Pennsylvania in the 
“forties and fifties.” Dr. Dumke earned a 
reputation as superb clinician, pacifier of 
surgeons such as I. S. Ravdin, and stern but 
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sympathetic teacher of beginners. As it is 
the mission of an academic department to 
disseminate wisdom, Paul Dumke, by now 
a professor, was the first to desert the ranks 
of Dripps, Lamont, Eckenhoff, and Vandam, 
for the post of Chief at the Henry Ford 
Hospital in Detroit, in 1953. While building 
an exemplary program there, time was se- 
questered for organizational work: Director 
of the ASA; Governor of the College; Chair- 
man of the AMA Section on Anesthesiology; 
and Trustee of the IARS. 
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You would have to say of Paul Dumke's 
other pursuits that in general he relishes 
every facet of living: gourmanderie, quaf- 
fing, the aroma of fine tobacco, piscation, 
gunning, bidding the grand slam, and sa- 
vouring the printed word. On principle, he 
religiously shuns exercise but keeps a poodle 
on leash. A recent tribute by cohorts of 
the IARS depicts Paul Dumke as a dear 
and true industrious friend— strong, con- 
stant, pleasant, and wise! 


NITROUS OXIDE AND CARDIAC PAIN. A double blind study in 69 patients with 
chest pain following acute myocardial infarction compared 35% nitrous oxygen with 
100% oxygen as an analgesic. Both drugs were inhaled for 5 minutes. Nitrous oxide 
had a beneficial effect in 74% of the episodes of pain and produced complete pain 
relief in 39%. In contrast, oxygen produced partial relief in 29% and complete relief 
in none. Blood pressure and heart rate did not change significantly during nitrous 
oxide inhalation. There was no evidence of bone marrow depression in 3 patients who 
had inhalations lasting a week. Nitrous oxide offers an alternative to narcotics for 
mild cardiac pain and a useful adjunct to narcotics for severe pain. (Thompson PL, 
Lown B: Nitrous oxide as an analgesic in acute myocardial infarction. JAMA 235: 


924-927, 1976) 
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To the Editor: 


The effects of ketamine (Ketalar?, Ketaject®) on the EEG in normal adult subjects 
and in epileptic patients are controversial. Some authors! have found no evidence that 
ketamine induces seizure discharges in epileptics or normals, while others?-* warn of the 
drug’s potential epileptogenicity. We recently completed a study? on this subject that 
may be of interest to anesthesiologists. 


In our study of ketamine in 26 patients (16 men, 10 women, ages 17 to 58 [mean 31.3 
years]) with an unequivocal history of either focal or generalized epilepsy, the effects of 
ketamine (1.5 to 2 mg/kg) were measured with serial EEGs for each patient while 
awake with hyperventilation and photic stimulation, while asleep after 18 to 24 hours of 
sleep deprivation, and during and after IV injection of ketamine. 


After administration of ketamine, all patients developed a catatonic state, which was 
dose related in duration. Twenty-two patients hypoventilated and/or had respiratory 
dysrhythmia with brief episodes of apnea; 5 had longer episodes of apnea requiring brief 
supportive ventilation. 


Characteristic EEG changes appearing during ketamine anesthesia consisted of gener- 
alized high-amplitude synchronous beta waves, often in association with generalized theta 
waves of 4 to 5 cps. Quasiperiodic delta complexes every 2 to 6 seconds, having amplitudes 
of up to 400 microvolts, were seen in 9 patients. 


Several behavior changes apparently induced by ketamine were observed. Unusual pos- 
tures were exhibited by 12 subjects, distorted perceptions by 25, motor hyperactivity by 
5, and sporadic myoclonic jerks by 1 patient suffering from psychomotor seizures. No 
patients developed seizures. There was a striking dissociation between EEG changes 
and behavior. The same EEG features of theta and synchronous beta activity were seen 
during the catatonic and recovery stages. Furthermore, no behavior differences could be 
noted between periods with quasiperiodic delta and periods with generalized theta activity. 


To be sure that EEG and behavior changes under ketamine anesthesia were not just 
coincidental, we compared them with observations made during physiologic awake and 
asleep states, using the following criteria: Type 1 activation was defined as the occurrence 
of epileptic discharges (ED) in the tracing following the testing procedure when no such 
abnormality was present in the awake tracing. Type 2 activation was defined as an in- 
crease of 30% or more in the frequency of ED following the activating procedure when 
such discharges were already present in the awake record. ED was defined as spikes 
and/or spike and wave complexes, either focal or generalized. 


Nine patients had normal awake tracings; in 2, type-1 activation occurred both during 
sleep and during ketamine anesthesia. Seventeen patients exhibited type-2 activation, 
12 during sleep and 6 during ketamine anesthesia. In 15 patients, ED was either precipi- 
tated or aggravated by spontaneous sleep, while ED followed ketamine anesthesia in 8 
awake patients. Ketamine appeared less apt to activate temporal-lobe ED than general- 
ized ED. Two of the 12 patients with temporal-lobe seizures had a decrease or complete 
suppression of ED during ketamine anesthesia. In this study ketamine did not display 
epileptogenic activity. 
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Our findings? are certainly consistent with those of Corssen's group! and contradict 
those reported by Ferrer-Allado? and by Bennett and associates? and the implications of 
Winters,* all of whom suggest that ketamine may precipitate or aggravate seizures in the 
epileptic patient. One point might be re-emphasized, namely, that when epileptic patients 
are studied, any seizures that occur in the experimental condition may be coincidental. 
In our study, we compared EEG activity in these patients both under ketamine anesthesia 
and under normal waking and sleep-deprived sleeping states. Under these controlled 
conditions, we found that, with ketamine, abnormal EEG activity or aggravation was cer- 
tainly no more common than under the other conditions and perhaps even less so. 


Gastone G. Celesia, MD 

Betty J. Bamforth, MD 

Rong-Chi Chen, MD 

Departments of Neurology and Anesthesiology 
University of Wisconsin Center for Health Sciences 
Madison, Wisconsin 
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'To the Editor: 


Thank you for giving me an oppertunity to answer Dr. Celesia’s letter regarding the 
use of ketamine for epileptic patients. The uniqueness of ketamine’s CNS action has 
led to enormous controversy, opinions ranging from its being the anesthetic of choice! 
to being totally contraindicated? in patients with seizure disorders. These controversies 
result from differences in parameters investigated, differences in experimental models, 
and differences in EEG interpretation. 


Although measuring activation or depression of the CNS by measuring neuronal activ- 
ity of the brain cells in various parts of the brain is impossible in humans, neuronal activ- 
ity by measurement of multiple unit activity (MUA) has been measured in animals? and 
in the thalamic area of man‘ before and after administration of anesthetic agents. Winters 
and associates* have reported that, in animals, the MUA in the reticular activating system 
may be stimulated, with the behavioral appearance of sleep, when EEG waves are similar 
to those in a state of alertness (low-amplitude fast waves). An example of this is during 
REM or paradoxical sleep. Dr. Winters also reported that MUA or neuronal activity is 
stimulated during occurrence of epileptiform discharges in limbic and thalamic regions, 
while the animal appeared immobile or catatonic after ketamine administration. There- 
fore, to say whether an anesthetic agent would depress seizure discharges, depression of 
neuronal activity should be correlated simultaneously with behavior and EEG. 


Dr. Celesia studied the cortical EEG in epileptic patients. In our study,» we measured, 
in addition to the cortical EEG, limbic and thalamic EEGs. This did not necessarily 
correlate with cortical EEG changes. Only when the epileptiform discharges spread to 
the cortical region did the patient manifest seizure activity. While limbic and thalamic 
seizure discharges were occurring, patients manifested similar behavior to that reported 
by Dr. Celesia, such as motor hyperactivity sporadic myoclonic jerks, and unusual postures. 


However, the difference between Dr. Celesia’s study and ours was in the concomitant 
measurement of limbic and thalamic EEG, which demonstrated electrical seizure activity 
during these behavioral manifestations despite a nonsignificant cortical EEG. It is possible 
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that Dr. Celesia's patients were indeed having limbic and thalamic seizures but that this 
was not evident on the cortical EEG being measured. 


We have also found that the origin of seizure discharge did not necessarily start from 
the established seizure foci of the individual patient, which means that the existence of 
seizure foci is not necessary for ketamine to induce seizure discharges. This could explain 
the isolated reports of normal, seizure-free, patients having seizures after ketamine admin- 
istration.® 


In our initial work in unrestricted animals,* which had cortical depth EEG electrodes 
and MUA measurement in the reticular activating system, we found that the MUA follow- 
ing ketamine was higher than control awake, sleep, and REM or paradoxical levels, which 
further substantiates that ketamine is not a depressant but a stimulant of the CNS. 


In Dr. Celesia’s initial experiment in animals,’ although cortical and depth EEG was 
measured, MUA was not, yet the EEG changes he saw were similar to those in our study. 
The animals in Dr. Celesia’s study were restricted and also given other drugs such as 
ether, gallamine, and local anesthetics. In our study, the animals were unrestricted and 
measurements were continuous for several days before ketamine administration, and MUA 
was measured continuously for 24 to 48 hours up to 7 days after ketamine. No other 
drugs were given concomitantly. 


If ketamine suppresses epileptic discharges, one has to show that ketamine depresses 
MUA, which is usually increased during a seizure, and not rely only on behavior and the 
EEG. Dr. Celesia did not measure neuronal activity in both animals and man, mainly 
relying on behavior and cortical EEG, which does not necessarily correlate with neuronal 
activity of depth electrode EEG. To convince one that ketamine is indicated for epileptic 
patients, ketamine should be shown, by MUA measurement, to depress neuronal activity 
and that correlative existing seizure activity is terminated by ketamine. The ideal study 
would be to observe the effect of ketamine on neuronal activity in the human brain. 
Although we have studied such activity in the thalamic area in man with N.O and thio- 
pental, we are yet to study ketamine. However, our initial results with N,O and thio- 
pental correlate with those of Dr. Winters. 


Theresa Ferrer-Brechner, MD 

Department of Anesthesiology 

University of California School of Medicine 
Los Angeles, California 
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To the Editor: 


Thank you for the opportunity to comment on the use of ketamine in epileptic patients. 
Proposals that there is no relationship between EEG burst discharge activity and ketamine 
may be doing a disservice to patients with abnormal EEGs. 
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Our published EEG study! did not give some of the primary clinical data one needs 
for a discussion of clinical relevance. Many authors have reported high-voltage delta- 
wave activity? after onset of the low-voltage, rapid-frequency theta-wave discharge. We 
also illustrated focal spike and wave discharges; these were not “coincidental.” Indeed, 
we used care to eliminate coincidence as much as possible. 


We studied our patients over a 3-year period in a special seizure-observation unit. A 
careful record was kept of seizure frequency and type for 3 months prior to entry in the 
study. Blood levels of seizure-control medications were taken periodically to assure that 
absorption was constant and predictable. EEG studies, repeated twice, included sleep and 
photic stimulation, using the 12 to 20 International System with 17 scalp silver-silver 
chloride and 2 ear leads. The EMG was also recorded. 


For the test period, we did split-image videotape recording to get real-time correlation 
between motor activity and EEG electrical activity. Since our initially reported study, we 
have repeated the same study in the experimental group with thiopental and halothane. 
We have also set up an experimental lesion in the rhesus monkey using a penicillin- 
induced focal cortical lesion. Thus we carefully excluded coincidental seizure activity 
and demonstrated a significantly d:fferent response of ketamine in comparison with other 
anesthetic agents. Twenty minutes of continuous baseline tracings certainly gave us ample 
background data. I should point out, however, that our patients were all children, including 
two without a seizure history, studied because their “random movements” clinically resem- 
bled major motor seizures. 


Abnormal EEG rhythms were induced in all patients by ketamine. Motor manifesta- 
tions were variable, extending from rigidity, predominantly unilateral and periodic, to 
unilateral clonic-tonic adversive seizures. Tonic-clonic activity was also seen in the two 
“normal” children, as were polyspike and wave discharges. In the epileptic patients, the 
EEGs differed from their usual pattern, frequently demonstrating suppression of their 
usual focus, with subsequent appearance of a mirror-image type focus in the opposite 
hemisphere. Studies in monkeys uniformally demonstrated this mirror-focus activity on 
implanted electrodes, as well as burst discharge in subcortical areas which did not always 
transmit to the cortical electrodes. 


The time between administration and onset of seizure activity was variable, IM admin- 
istration having a more delayed onset. In 1 patient, only IV administration elicited the 
EEG abnormality. We assume this relates to uptake but did not do blood levels. Onset 
with the IV route was usually 60 seconds. The duration of change was also variable, 1 
patient showing a post-test change in need for antiepileptic drugs. In a second series of 
10 patients studied after the initial group, seizure was frequently greater in the recovery 
period. 


Thiopental and halothane studies gave entirely different results, motor activity being 
suppressed in all. Several had activation of their primary focus by thiopental but no 
change in electrical activity. Halothane at MAC 1 concentration suppressed the abnor- 
mal electrical activity, with reappearance in the recovery period. Thiopental dosage was 
that necessary to suppress the lid reflex. 


It was the conclusion of the pediatric neurologist and the electroencephalographer that 
there was definitely a relationship between ketamine and epileptiform seizure pattern 
occurrence. We have now extended the study to a larger group. 


If we believe that seizure activation is undesirable in epileptic children, we are led 
to the conclusion that ketamine is not the ideal anesthetic for such patients. We are 
aware that the drug is used frequently in neurophysiologic studies. Prior reports? of this 
use, interestingly, include a much higher incidence of rigidity, posturing, excessive secre- 
tions, and airway problems. We would wonder what EEG monitoring would demonstrate 
in these patients. 


As for coincidence, these studies were carefully supervised and monitored by our Depart- 
ment of Neurology, and the electroencephalogist reviewed the tracings later off line to 
rule out bias. 'The right temporal spike and wave discharges illustrated in one case 
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occurred after 2 separate injections, once 1714 minutes later and once 2115 minutes later. 
This patient's baseline EEGs had never bef re demonstrated right temporal spike and 
wave discharges. Coincidence? I think not. 


William S. Jordan, MD 

Department of Anesthesia 

The University of Utah Medical Center 
Salt Lake City, Utah 


'To the Editor: 


My first impulse after receiving your request for an answer to Dr. Celesia's letter was 
to pass this round, having previously presented an editorial! and a discussion? on this 
topic. However, since the controversy regarding the relationship of ketamine to epilepsy 
seems endless, I decided to make one more attempt at stating my views. In reviewing 
the controversial reports pro*-!° and con,!!-1? several pertinent points appear to be con- 
fused. 


1. Epilepsy is not one state but a series of syndromes encompassing: 
a. Abnormal EEG activity, or 


b. Abnormal EEG activity associated with some motor response, such as ear twitch- 
ing, or 


c. "b" plus gross motor and electrical discharges. 


2. The EEG patterns induced by ketamine in animals and man are—in my opinion— 
epileptogenic; that is, the midbrain, diencephalic, and cortical hypersynchronous 1 to 4 
Hz EEG slow waves of high amplitude, alone or intermixed with Spike bursts, represent 
epileptic brain-wave activity.?" Even the EEG patterns which we describe during stages 
II-A and II-B anesthesia are epileptogenic." The intermittent appearance of high-ampli- 
tude, high-frequency seizure discharges in the limbic lobe during ketamine-induced cata- 
leptic anesthesia (stage II-C) is sometimes associated with facial or hind-limb twitching.?.7 
Limbic seizures of this type are often reported to be characterized by bizarre, inappro- 
priate, and cataleptoid behavior in man. 


3. Grand mal seizures were not often noted following high doses of ketamine. How- 
ever, the parent agent, phencyclidine, induces a similar progression of actions. During 
phencyclidine-induced cataleptic anesthesia, limbic seizures with hind-limb twitches were 
also noted.1° Doses of phencyclidine slightly higher than those necessary to induce cata- 
leptic anesthesia induce the same progression, followed by generalized grand mal seizures 
(fig 11) .10 


4. Epileptics manifest a variety of subcategories of signs, symptoms, and etiologies. 
The fact that some investigators demonstrated that ketamine increased epileptic activ- 
ity,'? and others an inhibition,!1-13 implies variations in experimental design, such as 
varying degrees of antiepileptic pretreatment or a variance in the subcategory of the 
epilepsy studied. Thus, epilepsy can not be discussed in simplistic terms. Diphenyl- 
hydantoin is not effective against all forms of epilepsy. Even patients who respond to 
this agent may exacerbate the epileptic syndrome following significant elevation of the 
dosage. Some epileptics have asymptomatic periods. In addition, antiepileptic agents 
appear to be more effective at some periods than at others. Thus epilepsy is time, drug, 
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and dose dependent. Ketamine may improve some epileptics, make some worse, and have 
no effect on others. 


5. Dr. Celesia claims to have observed a striking dissociation between EEG and 
behavior. He warns against excessive or exclusive reliance on the EEG to understand 
the nature of ketamine anesthesia. He offers no better criterion and leaves us with a 
sense of a "supernatural" action of ketamine. Most paradoxical situations in neurophar- 
macology in which behavior and EEG do not seem to be clear-cut eventually resolve 
themselves. They are usually an indication of our lack of sufficient knowledge to make 


the correlation. To imply categorically that there is no correlation between behavior and 
EEG is absurd. 


6. Dr. Celesia!? further asserts that we? write: “The anesthetic state induced by 
ketamine is due to ‘limbic seizures.’ " We make no such statement. Where he conjured 
up this statement is not clear, but what is clear is that he did not read our paper carefully. 
We state that during cataleptic anesthesia, limbic seizures may occur. In our figure 9, 
demonstrating the EEG during the catatonic state, the limbic seizure appears at 5 minutes 
but not at 30 minutes. In our Methods section, we describe the gross behavior, EEG, and 
multiple unit activities necessary for the cataleptic state of anesthesia; limbic seizures 
are not mentioned. 


7. In the discussion of Dr. Corssen's рарег,!! Dr. Domino states: “It is not good medical 
practice to slander a drug without thorough proof." We believe that scientific investiga- 
tions should be designed to elicit the truth regarding the nature of a drug action irre- 
spective of its clinical reputation. It is our hope that Dr. Domino did not really wish his 
statement to read as it does. As was pointed out by Schettini? and my subsequent discus- 
sion of his paper, if one is aware of the pharmacologic actions of a drug, it may be com- 
bined with appropriate agents to block the potentially dangerous actions and augment 
the more desirable effects; antiparkinson therapy with phenothiazines is an example of 
this. Thus, I regard our search for an understanding of the properties of drugs such as 
ketamine to be necessary for improved patient care. 


8. It must be reiterated that, as an anesthesiologist, you must make the final decision 
on the utility of each agent you use. Please read the pertinent papers regarding this 
controversy and decide for yourself the place that ketamine and drugs of this type have 
in your anesthetic routine, especially in the epileptic or neurosurgical patient. By being 
aware and concerned with anesthetic problems such as these, the body of anesthesia 
knowledge will widen, anesthesiologists’ skills will broaden, and patient care will improve. 


W. D. Winters, MD, PhD 

Department of Pharmacology 

University of California School of Medicine 
Davis, California 
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То the Editor: 


Dr. Eli Brown's article on the single-needle lateral approach for lumbar sympathetic 
block! alludes to the lack of previous descriptions of this technic in the literature. 


We described this technic in ASA Annual Refresher Courses in 1973, 1974, and 1975, 
as well as in Refresher Courses in Anesthesiology, volume 3, 1975 and Advances in 
Neurology, volume 4, 1974. 


The major advantage of the lateral approach at L-2 as described above is the use of 
smaller quantities of local anesthetic or neurolytic agents. Since the preganglionic outflow 
from the cord to the sympathetic chain ends at L-2, there is no need to produce block 
below that level. As the sympathetic chain lies in what is only a potential fascial plane, 
this plane is distended by the local anesthetic introduced. There is no evidence to indicate 
that table tilting is necessary to involve adjacent segments. We have demonstrated this 
fact radiographically in the cervical region in our article on stellate ganglion block.? 


Using a distance of 10 cm rather than 1215 cm from the midline as the needle point of 
entrance, we have been able to avoid puncture of the kidney, a complication suggested by 
Dr. Brown. In a large series of patients, we have had no renal complications. Problems 
with this technic have been related only to improper needle placement, which are obvi- 
ated by radiographic control. 


Harold Carron, MD 

Director, Nerve Block & Pain Studies Clinic 
Department of Anesthesiology 

University of Virginia Medical Center 
Charlottesville, Virginia 
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То the Editor: 


I want to thank Dr. Carron for directing me to the sources listed in his Letter to the 
Editor. Although I was unable to find a description of the technic for a lateral approach 
to sympathetic block at L-2 in either Advances in Neurology or ASA Refresher Courses 
in Anesthesiology, volumes I and II, I did find an excellent description of the procedure 
used by Dr. Carron in ASA Refresher Courses in Anesthesiology, volume III, 1975. 
Unfortunately, this publication was not available to us until after our article was 
prepared for publication. 


In any event, I do not understand how Dr. Carron can be certain that he does not 
inadvertently puncture the kidney, particularly in view of the proximity of that organ 
to the path of his needle, and our experience with cadavers. I honestly do not know 
whether or not inadvertent puncture of the kidney is harmful, but it seems to me that one 
should avoid it by performing the block at a lower level. Even though our technic requires 
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a larger volume of solution, I think Dr. Carron would agree that the use of 20 ml of 1% 
lidocaine or 0.25% bupivacaine is not excessive. 


Eli M. Brown, MD 
Department of Anesthesiology 
Sinai Hospital of Detroit 
Detroit, Michigan 


To the Editor: 


I would like to make some additional comments regarding the “Single-Needle Lateral 
Approach for Lumbar Sympathetic Block” by Brown and Kunjappan. 


We have used a slightly different technic of lateral approach, also using a single needle 
for temporary blocks with local anesthetics, and a double-needle technic for permanent 
sympathectomies using 6% aqueous phenol. 


We place the patient in the lateral position with the side to be blocked upward. A 
6-inch needle is inserted between the rib cage and iliac crest, about 12 to 13 cm from 
the posterior midline, and aimed at a 35 to 40 degree angle toward the anterior surface 
of the vertebral body. After impinging on the vertebral body, the needle is walked off, 
until it is just anterior to the body, and the medication is injected. 


For blocks using local anesthetics, no x-rays are taken. For permanent sympathecto- 
mies with 6% aqueous phenol, we have found better results and longer-lasting blocks by 
using 2 needles through a single skin wheal by the lateral approach. One needle is pointed 
upward and the 2nd needle downward, so that they impinge on the bodies of L-2 and 
L-4 or L-3 and L-5. X-rays are always taken (PA and laterals) to confirm their position, 
and 4 ml of 6% aqueous phenol is injected at each level. 


The procedure is not usually painful, except when the needle hits the periosteum of 
the vertebral bodies. A small amount of local anesthetic usually eliminates this pain. 


We have done over 500 phenol sympathectomies, using the described technic, over the 
past 10 years, with 2 serious complications: retroperitoneal hemorrhages, which required 
only conservative management. Other, more common complications, have been backache, 
lasting a few days, and inguinal burning and paresthesias, lasting a few days to a few 
weeks. The latter occur in about 10 to 15% of the patients. 


Since we often do these blocks on very-poor-risk patients, with far-advanced disease, 
a number of patients have died from their underlying heart disease, or have lost limbs 
which did not improve with the sympathectomy. In no patient could this be directly 
related to the sympathetic block. 


The so-called “steal syndrome," where deep circulation gets worse at the expense of 
superficial warming and improved color in the sympathectomized limb, has not happened 
in our experience. 


Bernard Horn, MD 

Chief of Anesthesiology 

Kaiser Permanente Medical Center 
Vallejo, California 


To the Editor: 


I enjoyed reading Dr. Brown's article, “Single Needle Lateral Approach for Lumbar ^ 
Sympathetic Block.” His method is indeed simpler and more comfortable to the patient 
than the classic approach. But it is not original. Besides Lewis' sketchy technic men- 
tioned by Dr. Brown, there exist at least 3 lateral, 1-or-2 needle, approaches.1-3 
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Reid and Shumacker point out the advantages cited by Dr. Brown (accuracy, simplic- 
ity, comfort to the patient), and the spread of the solution along the whole lumbar sym- 
pathetic chain. Reid places 2 needles 10 to 12 cm laterally to the spines of L-3 and L-4 
and directs them to clear the anterolateral border of the vertebral bodies. Even only 6 
ml of phenol suffice to block the lumbar chain. 


Shumacker inserts 1 needle 10 cm off the spine of L-2 at a 30? angle toward the median 
sagittal plane and directs it to clear the anterolateral margin of the vertebral body and 
to place its tip in front of the psoas muscle. He finds that 10-ml volumes extend from 
L-1 through L-3. I have used Shumacker's technic and appreciated its advantages for 
the past 10 years. If one attaches a syringe filled with a few ml of air and solution to 
the needle, he can feel the “loss of resistance" as the needle tip leaves the psoas muscle, 
when it is correctly placed. 


Lófstróm inserts 1 needle (at L-2) or 2 needles (at L-2 and L-4), 7 to 10 cm off the 
midline. However, he first aims at the transverse process, as in the classic methods. He 
blocks the lumbar chain with 1 injection of 15 ml. 


The proximity of the kidney may be a disadvantage to the L-2 route. However, 
Shumacker's diagram and my experience suggest that if one carefully observes his land- 
marks, the needle only pierces the muscular mass (sacrospinalis, quadratus lumborum, 
and psoas) and remains medial to the kidney. Dr. Brown's excellent paper should encour- 
age anesthesiologists to try this valuable approach. 


Ray J. Defalque, MD 

Department of Anesthesiology 

Indiana University School of Medicine 
Indianapolis, Indiana 


REFERENCES 
1. Reid W, Watt JK, Gray TG: Phenol injection of the sympathetic chain. Br J Surg 57:45-50, 1970 
2. Shumacker HB Jr: Sympathetic denervation of the extremities. Curr Probl Surg .... 1965 


3. Lófstróm B: Lumbar sympathetic block, Illustrated Handbook of Local Anesthesia. Edited by E 
Erickson. Chicago, Year Book Publishers, 1969, pp 140-144 


То the Editor: 


Dr. Defalque correctly points out that a number of lateral approaches have been 
described for lumbar sympathetic block. All of them, however, are either performed at 
the level of L-2 or involve more than a single needle. Of greater interest, however, is 
the fact that Dr. Reid states, “Puncture of the kidney sometimes occurs and is recognized 
by a pendulum swing of the needle or by the escape of urine through the needle. The 
presence of peri-ureteric fibrosis at subsequent ganglionectomy has occasionally been seen 
and it is possible that urinary symptoms may occur owing to ureteric damage." He does 
go on to say that in most cases the symptoms are transient and full recovery results. But 
the point is, that damage to the kidney is certainly possible if one uses a wide lateral 
approach at either L-2 or L-3.! The lateral approach described by us at L-4 precludes 
the possibility of damage to the kidney while still providing effective blockade of the 
lumbar sympathetic chain. 


Eli M. Brown, MD 
Department of Anesthesiology 
Sinai Hospital of Detroit 
Detroit, Michigan 


REFERENCE 
1. Reid W, et al: Phenol injection of the sympathetic chain. Br J Surg 57:45-50, 1970 
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То the Editor: 


I read with interest the article on the single-needle lateral approach for lumbar sym- 
pathetic block by Drs. Brown and Kunjappan. Dr. Donald P. Todd and I have frequently 
performed single-shot and continuous-catheter lumbar paravertebral sympathetic block 
for reflex sympathetic dystrophy of the lower extremities. Our technic involves the taking 
of a scout PA x-ray film of the lumbar spine with an 18-gauge needle positioned on the 
skin at the upper edge of the 2nd lumbar spinous process. After identifying the proper 
level, the skin is prepared with an antiseptic solution and draped in a sterile manner. A 
skin wheal is raised 5 to 6 cm lateral to the upper edge of the spinous process of the 2nd 
lumbar vertebra. 


A 20-gauge, 12.5-cm needle is then placed through the skin wheal and contact made 
with the transverse process of the 2nd lumbar vertebra. The marker on the needle is set 
a distance of 3 to 4 cm from the skin surface before redirecting the needle medially and 
cephalad so that it slides off the upper border of the transverse process and the lateral 
aspect of the vertebral body. By sliding off the upper border of the transverse process, 
painful paresthesias to the lateral thigh (L-2) are avoided. The position of the needle 
is verified by PA and lateral x-ray films before injection of 20 ml of anesthetic solution. 


Similarly, multiple encounters with the periosteum and blockade of the 2nd lumbar 
somatic nerve should not be a problem. Multiple periosteal contacts can be considerably 
reduced by taking an initial scout x-ray film and accurately locating the site of needle 
insertion. Also, the hypalgesia in the area of the 2nd lumbar dermatome seldom inter- 
feres with the diagnostic or therapeutic values of the block. 


By following the classic approach, we have not found it necessary to use the wide lateral 
approach for lumbar sympathetic blockade. A single needle with its point at the antero- 
lateral aspect of the 2nd lumbar vertebra is sufficient to precisely and reliably block the 
lumbar paravertebral sympathetic chain. 


Frank A. Takacs, MD 
Department of Anesthesia 
Massachusetts General Hospital 
Boston, Massachusetts 
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CHOICE 


In each issue of the Journal an article of 
particular interest and value to anesthesi- 
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ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular commercial firm or its 
product by Anesthesia and Analgesia—Cur- 
rent Researches. 


Fundamental Principles for Preparing 
Psychology Journal Articles* 


HARRY F. HARLOWT 


University of Wisconsin 


As retiring Editor of the Journal of Com- 
parative and Physiological Psychology, I 
feel that I have one remaining responsibility 
to my psychological colleagues. Having 
passed judgment on about 2,500 original 
manuscripts and almost as many revisions 
in my 12 years as Editor, I believe I should 
bequeath to posterity some principles of 
scientific reporting that I have formulated 
only through countless hours of moonlight- 
ing. 


COVERING LETTER 

In plotting the publication of a manu- 
script the prospective author should think 
first about the covering letter. It is an un- 
forgivable error to write, “Т am submitting 
a manuscript for your consideration. . . .” 
This evasive method gets you nowhere with 
editors. Even if the nondirective technique 
works with many patients, there are some 
sick people who are best approached using 
positive measures. 


'There are a number of general principles 
underlying a good covering letter, and they 
can be illustrated by example. I offer the 
following: 


DEAR HARRY: 


I am submitting the manuscript, “Стеа- 
tive Thinking by Paramecia," for publica- 
tion in JCPP. My chairman has assured me 
that upon acceptance of this manuscript he 
will recommend me for promotion to asso- 
ciate professor. Two recipients of the Dis- 
tinguished Psychologist Award have review- 
ed this paper and recommend it highly. 


I am pleased to see that you are one of 
five candidates for President of the Ameri- 
can Psychological Association. As you know, 
I have nominated you for many years and 
will probably give you my support in the 
future. 


Because of the unusual significance of 
these researches, I would like early publi- 
cation, which I will finance from my Na- 
tional Institute of Mental Health grant. 


Warm Regards, 


John Hopeful 
Assistant Professor 


The battle is now half won. You will get 
a fair shake. 


*The publication costs for this report were borne by the American Psychological Association. 


1Still at the University of Wisconsin. 


Copyright 1975 by the American Psychological Association. Reprinted by permission of publisher and 


author. 
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INTRODUCTION 

Almost all scientific papers include an 
introduction even though large parts of it 
are frequently buried in the sections labeled 
Method and Results. However, the total 
omission of an introduction constitutes a 
glaring error, and, anyway, it is fun to write 
introductions—one is not constrained by 
facts. 


One way to write an introduction is sim- 
ply to state what the experiment is all about 
and make predictions about the outcome. 
Since the data will already have been col- 
lected and processed, you will have no dif- 
ficulty in making insightful predictions. As 
all famous historians know, one can predict 
the past with great precision. However, pre- 
diction is one of the great booby traps into 
which young and inexperienced psycholo- 
gists often fall. АП their predictions are 
confirmed; older men know that this never 
happens. The proper technique is to select 
the prediction of minimum import, or throw 
in a completely extraneous one, and have 
this prediction fail. Honesty is the best 
policy. 


Although some psychologists write sim- 
ple, straightforward introductions, this is 
commonly considered to be déclassé. In the 
sophisticated or "striptease" technique you 
keep the problem a secret from the reader 
until the very last paragraph. Indeed, some 
very sophisticated authors keep the problem 
a secret forever. Since I am interested in 
readers as well as authors, I advise that 
readers always approach introduction sec- 
tions using the Chinese technique—begin 
at the end and read backward. 


The function of the introduction is to 
impress your colleagues with your scholar- 
ship and erudition—academic appointments 
are seldom made on the basis of a results 
section. Scholarly one-upmanship is at- 
tained with an unending number of nonspe- 
cific references, such as: 


""The up-and-down effect was first discov- 
ered by ( , 1762) and this study led to 
many fruitful investigations ( , 1804; 
,1827; — —'. 1844: 1861 — — 
1874; |. ,1888;  J ,1894; , 1911; 
„== ДОШ 7-540987. а. Тот — 
1944; and , 1952). Beyond these re- 
searches the broad implications of this dis- 
covery led to related studies on the in-and- 
out phenomenon ( , 1829; 1855; 
, 1888; ; 1914; + , 1927; and 
— — —, 1950), and the around-and-about law 
(____, 1884; , 1914;  , 1933; » 
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1947; .... 1952: _. = 1952 and __, 
1960) ." 


Often, but not often enough, young and 
lazy authors are frightened away from this 
technique simply because they are appalled 
by the amount of work involved in reading 
the literature, especially if part is written 
in some foreign language. However, there 
is no excuse for this attitude; the author 
should remember that he is not reading the 
literature—just citing it. Anyway, he can 
always rely on some scholarly article in 
Psychological Bulletin as a secondary source 
to provide an impressive reference list with 
almost no effort. 


Occasionally editors object to overly ex- 
tended, striptease introductions and to long 
lists of nonspecific references. At this point 
the author should take the bull by the horns 
and write the editor a nasty letter accusing 
him of rigidity, illiteracy, and lack of schol- 
larly interests. Editors are busy and editors 
are human. They can be broken— don't 
pamper them. 


METHOD 

To write a good Method section, one must 
be an idealist. If this section is to be under- 
stood, it must be clear, orderly, and system- 
atic. The best way to achieve this is not to 
tell what really happened, or if you must 
tell, wait as long as is physically possible. 
Your four groups of Ss should always add 
to 20 or 30 each. If 7 Ss in Group 2 died 
of pneumonia and 19 Ss in Group 3 were 
suffocated, don't put it in the Method sec- 
tion. The death of these Ss was not planned 
but resulted, and the information obviously 
belongs in the Results. There is also good 
reason for putting this information in the 
Discussion because you can then mediate 
on how different the results might have 
been had the Ss lived. 


A mechanical problem that often creeps 
up in Method relates to the spelling and 
meaning of words such as “maize,” “liman,” 
and “maccaccuss resus.” Fortunately there 
is a fundamental rule. Writing manuscripts 
is a tedious process and time means money. 
You must protect your time in every pos- 
sible manner. If you cannot spell or do 
not know the meaning of a word, don't look 
it up in Webster's Third New International 
Dictionary. If the word isn't in Thorndike 
and Barnhart, 95% of your psychological 
audience won't know the meaning of the 
word or how to spell it anyway. Moreover, 
that's the Editor's responsibility. Let well 
enough alone. 


^ 


Editor's Choice 


RESULTS 
'The Results section comes in a very con- 
venient place, and one way to start it is to 
put the procedures which you inadvertently 
omitted from the Method section— which 
you are too lazy to rewrite—at the very be- 
ginning of the Results. 


If the Editor objects, point out that you 
are doing this for the sake of continuity. 
The next problem can only be resolved by 
reference to the Procedure. Reread the Pro- 
cedure section and find out the order that 
you said vou were going to follow; then, 
carefully rearrange that order in the Re- 
sults. If you write succinctly and clearly, 
there is a real danger that the reader will 
only read your manuscript once, and every 
psychologist worth his salt recognizes the 
importance of overlearning. 'Then, too, if 
he has to struggle to understand it, he will 
naturally attribute the difficulties to the 
abstruseness of the problem. 


The most important items in the Results 
will probably be the figures. Authors seldom 
realize the importance of figures and con- 
sequently fail to give them sufficient atten- 
tion. It is absolutely imperative that the 
figures be of professional quality. This may 
cost a little money, but even with academic 
salaries what they are, the cost is cheap 
compared with the value of the man-hours 
spent in gathering and processing the data. 
The ordinate and abscissa should be boldly 
drawn and the curves should stand out like 
sore thumbs, which they frequently really 
are. 


Now we are at the critical point. It is 
important to make sure that all legends, all 
numbers on the ordinate and abscissa, and 
all titles are completely unreadable. If you 
fail to do this, there is a real danger that 
editors and readers will compare the infor- 
mation given in the graph with what is 
written in the Results and Discussion and 
call the discrepancies to your attention. For- 
tunately your figures can be made unread- 
able at a high academic level by following 
a few simple rules. Draw the figure on 
paper 2 ft. sq. and never purchase templates 
with letters more than 14 in. high. Then 
when the figures are reduced in size for 
Journal publication, the data will remain 
a personal secret. You can subsequently let 
out the data you are not trying to hide by 
personal correspondence. 


Even authors who follow this rule—and 
the general principle is widely understood— 
frequently make a completely unforgivable 
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error by sending glossy prints of their fig- 
ures to the Editor. If the Editor has already 
recognized the fact that he has presbyopia 
and has purchased glasses, he may insist 
that the graphs be redrawn, and then the 
jig is up. However, if you send the original 
drawings and simply scratch out in pencil 
the copy for the carbon which some editors 
require, you have a high chance of success. 
A better technique is to send the carbon 
without figures. Most editors will relay this 
carbon to a consulting editor without check- 
ing for figures, and a single favorable review 
frequently insures publication. 


Another good technique is to supplement 
the figures by presenting the data for indi- 
vidual animals in lengthy tables without 
means, medians, or standard deviations. No 
reader, and certainly no editor, will ever 
take the trouble to make the necessary com- 
putations to check your curves or statements 
of significance. The additional advantage is 
that long, detailed tables carry the impli- 
cation that you engaged in an overwhelm- 
ingly complicated piece of research. 


DISCUSSION 
Whereas there are firm rules and morals 
concerning the collection and reporting of 
data which should be placed in the Results, 
these rules no longer are in force when one 
comes to the Discussion. Anything goes— 
shoot the moon—the sky’s the limit! 


Even though one is going far afield, the 
endeavor should not be random, but the 
deception should be achieyed with skill and 
grace. The most important fundamental 
guiding principle is to repeat the predictions 
made in the introduction—elaborating them 
if possible—and then to describe the im- 
portance of your work in broad generic 
terms and never get down to mundane fact. 
In Discussion sections one does not discover 
things about maze performance, minutes to 
run down a straight alley, 48 hr. of food 
deprivation, or the number of mechanical 
puzzle devices opened—one makes breath- 
taking discoveries about learning, drive re- 
duction, motivation, and curiosity. After all, 
this is the way psychologists are going to 
talk when they present and discuss their 
work at scientific meetings, and no man 
attains fluency in the jargon without prac- 
tice. 


Very occasionally some psychologist 
makes the mistake of saying what is worth 
saying in the Discussion and then stopping. 
This is interpreted by other psychologists as 
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indicating that the person lacks verbal skill 
and creativity. Anyone can talk effectively 
about data which actually exist. 


If your experiment has any merit what- 
soever, and little is required, there is the 
likelihood that someone else will do it later 
and do it better. To save face it is impor- 
tant to engage in the alibi-in-advance tech- 
nique. Endless Discussion pages can be con- 
sumed by describing how you would do the 
experiment if you were to do it over, and 
the joy of this device is that no data need 
be collected. You have the fellow who is 
going to be so cold and calculating as to 
check your results, on the run, and if you 
are smart enough, no matter what he ob- 
tains, it will be a dry run. 


Even if you have only completed a sin- 
gle experiment you can greatly augment 
your data by several pages of description of 
the results which you would have obtained 
had you done a long series of related experi- 
ments. Furthermore, a clarity is achieved 
by describing the experiments that were not 
done instead of those that were because the 
results in the imaginary experiments come 
out in an integrated, orderly manner that is 
seldom achieved in the laboratory. Remem- 
ber that data collection is a routine process 
and the brilliant scientist will rise above it 
when he comes to the Discussion. 


Nothing is now left except to find a way 
to end the Discussion section, which has 
become so long and so confused that most 
readers will have forgotten what the original 
problem was about anyway. Discussions 
should be concluded in a friendly, charita- 
ble, and slightly condescending manner. 
First, say a few little things about the diffi- 
culties of doing research, particularly re- 
search in your chosen area. Then point out 
that there are a few little technical problems 
and research odds and ends that need to be 
picked up before your area of choice is com- 
pletely neat and tidy. Finally, explain that 
once the research trail has been broken, less 
strong bodies can follow along. 


FOOTNOTES 
Finally, one comes to the footnotes. Foot- 
notes are always on a separate page (or 
pages) and there is a chance that the Editor 
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will miss them, particularly if the typewrit- 
ten material is single-spaced and turned 
upside down. Thus, here is an opportunity 
to introduce a couple of additional pages of 
complete trivia. If the Editor should dis- 
cover them, nothing will be lost, for paper 
is cheap. Remember that this is your last 
chance to get in some padding, and never 
forget the fact that promotion is the pre- 
rogative of deans and final decisions are 
frequently weighed on other scales than 
those of justice. 


Special attention should be given to one 
footnote—the acknowledgment. It is this 
one that separates the men from the boys. 
Since most experiments are not worth doing 
and the data obtained are not worth publish- 
ing, great care should be taken to protect 
one's reputation when one's name is asso- 
ciated with the conventional potboiler. This 
can be achieved by a simple and honest 
footnote. 


“The author (or authors) had very little 
to do with this research. The idea was stolen 
from Dr. , the experimental design 
was proposed by my (our) statistical con- 
sultant, Dr. ‚ the Ss were run by 
Mr. — and Miss , the data 
were processed by the mathematical com- 
puting center, and the paper was completely 
rewritten by Editor , on the basis 
of extensive notes and suggestions made by 
Consulting Editor , Whose name 
was inadvertently left off the masthead of 
the Journal of La 





EDITORIAL POLICY 

Faced with a mounting flood of unin- 
spired researches and watching publication 
lag continuously mount despite multiple 
allotments of additional Journal pages, I 
came to realize that my editorial policies, 
even though rigid and unreasonable, were 
incomplete or else in error. For a long time 
I thought there was no solution, and then 
I realized I was wrong. I established a new 
JCPP policy and formalized it with a rub- 
ber stamp, only to realize that my term 
as Editor had already expired. But at least 
I have the rubber stamp which I planned 
to use on a large number of manuscripts: 
"Not read but rejected." 
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No Negligence in Surgeon's Failure 
to Supervise Anesthesiologist 


HE widow of a patient who died during 

preparation for a laminectomy sued the 
surgeon, the anesthesiologist and the hos- 
pital. The hospital settled for $20,000 and 
the anesthesiologist for $210,000 prior to 
trial. A California jury decided in favor of 
the surgeon. 


The widow contended that the surgeon 
had negligently failed to supervise the an- 
esthesiologist properly. She further contend- 


ed that the surgeon failed to administer 
resuscitation to her husband promptly. 


The surgeon contended that supervision 
of the anesthesiologist was not his respon- 
sibility. He said that resuscitation was ad- 
ministered in a timely and proper manner. 
—Holquia v. Mission Hospital (Cal.Super. 
Ct, Los Angeles Co., Docket No. SEC 
10263, Feb. 24, 1975) 


Reprinted with permission from THE CITATION published by the Law Division of the American Medical 


Association. 
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Answers 


We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: Atropine up to 0.6 mg giv- 
en as premedication to patients with glau- 
coma is usually considered not harmful, be- 
cause of its small amount. During the pro- 
cess of reversal of nondepolarizing muscle 
relaxants, atropine is frequently given in 
conjunction with antagonists in doses of 1.5 
mg or 2 mg. Is this considered safe? 


MD, Ohio 


ANSWER #1: Atropine has long been in- 
criminated as an anticholinergic egent re- 
sponsible for the production of angle-closure 
glaucoma when administered systemically, 
with very little substantiating evidence.! 
Certainly, topical atropine, by increasing 
pupillary block and producing mydriasis, 
crowding the iris into the predisposed ana- 
tomically narrowed angle, can produce 
angle-closure glaucoma. 


Systemic administration of the usual pre- 
anesthetic doses of atropine (0.6 mg) has 
been said to be safe even in anatomically 
predisposed eyes.” 
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Administration of large doses of atropine 
in conjunction with the use of prostigmine 
(or similar drugs) during the process of re- 
versal of nondepolarizing muscle relaxants 
at varying planes of anesthesia is a much 
more complex problem. There is an amaz- 
ing paucity of information regarding pupil 
size during this process. In the eye with an 
angle predisposed to develop angle-closure 
glaucoma, any mydriasis may precipitate an 
attack of angle-closure glaucoma. Rosen? 
feels that the dangers are mythical. He 
compares the amount of systemically admin- 
istered atropine reaching the eye to the 
amount available to the eye with the ad- 
ministration of a single drop of 1%, atropine 
solution topically. Extending his calcula- 
tions for 2 mg of atropine given systemically 
and evenly distributed in a 70-kg individual, 
only 0.0004 mg reaches the entire eye as 
compared to 0.6 mg of atropine available 
to the eye when a single drop of a 1% solu- 
tion is applied to the eye. 


Practically, the fear of producing an at- 
tack of acute angle-closure glaucoma can be 
dispelled by administering topical pilocar- 
pine solution (2%) to produce miotic pupils 
preatropinization* or using morphine as a 
preanesthetic agent, which also produces a 
profound miosis. In any patient with known 
glaucoma, either angle-closure or open an- 
gle, continuation of glaucoma medication 
before, during, and after operation is ad- 
vised. In the recovery room, an evaluation 
of the pupils with respect to size, symmetry, 
and shape would confirm the absence of 
angle-closure glaucoma. If the pupils are 
irregular, asymmetric, and mid-dilated, an 
ophthalmologic consultation should be ob- 
tained to medically control and eventually 
surgically correct the attack of angle-closure 
glaucoma. 
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ANSWER £2: Atropine in these doses would 
tend to dilate the pupils and paralyze the 
ciliary muscle. Neostigmine has the oppo- 
site effect, tending to constrict the pupil and 
cause the ciliary muscle to contract. Where 
the balance might lie between these two 
antagonistic actions would determine the 
resultant total effect on pupil and ciliary 
muscle. It would be interesting to have 
data from observations on patients under 
these special circumstances to determine 
where the balance generally lies. This could 
easily be done by measurement of the size 
of the pupils, and one could estimate that 
the ciliary muscle was being affected in a 
similar manner. 


In patients with chronic open-angle glau- 
coma, if the balance were far in the direction 
of dilation of the pupil and paralysis of the 
ciliary muscle, one should not be surprised 
if the intraocular pressure becomes elevated, 
but in this kind of glaucoma and under 
these special circumstances, one would ex- 
pect that the amount and duration of eleva- 
tion of intraocular pressure would rarely be 
enough to cause permanent damage to the 
eye. If the patient was receiving antiglau- 
coma medications, such as miotic eyedrops 
and systemic carbonic-anhydrase inhibitors, 
one would expect less elevation of intraocu- 
lar pressure. 


In the great majority of patients with 
chronic open-angle glaucoma under ordi- 
nary treatment, and who do not have far- 
advanced loss of vision from their glaucoma, 
one would expect the risk to vision to be 
negligible, but to establish whether this 
opinion is valid, a clinical study is needed 
in which not only the pupils are measured 
but also the intraocular pressure (by tonom- 
eter), and the visual fields before and sev- 
eral days after the procedure, when the 
effects of neostigmine and atropine were 
gone. 


In patients with chronic open-angle glau- 
coma, the risk is negligible, but there is a 
small category of patients in whom the an- 
terior chamber of the eye is abnormally 
small and shallow anatomically, and who 
without treatment may maintain normal in- 
traocular pressure. If their pupils are di- 
lated, they may very rapidly develop acute 
angle-closure glaucoma. This form of glau- 
coma threatens the eye with severe damage 
and potentially irreversible loss of vision 
within 2 or 3 days if unrecognized and un- 
treated. Presumably, such patients would 
be at risk only if the antagonistic effects on 
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the pupil by neostigmine and atropine re- 
sulted in noticeably dilating the pupil. 


It is difficult to identify people in ad- 
vance who may develop acute angle-closure 
glaucoma if their pupils are dilated, but if 
the anesthesiologist or internist learns to 
recognize by looking carefully at the depth 
of the anterior chamber (distance from 
cornea to iris) with the aid of a small beam 
of focused light, the chances of identifying 
these individuals can be increased, and an 
evaluation by an ophthalmologist can be ob- 
tained for the occasional person with con- 
spicuously shallow anterior chambers. Pro- 
phylactically, the ophthalmologist may wish 
to prescribe pilocarpine eyedrops of low 
concentration and a carbonic-anhydrase in- 
hibitor. 


Persistent enlargement of the pupils, and, 
especially, unequal enlargement and irregu- 
lar enlargement (so that the pupil is not 
round) are the foremost basis for suspicion 
and for tonometric measuring of intraocular 
pressure. One should not count on the pa- 
tient to complain about decrease of vision 
or pain in the eye, since patients in the 
critical period after anesthesia are notori- 
ously unreliable in recognizing and report- 
ing these symptoms. 
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QUESTION: It is well known that food and 
water pass over the tongue and into the 
esophagus without triggering the gag reflex. 
Equally well known is the fact that a foreign 
object such as one's finger or a laryngoscope 
blade does trigger the gag reflex when it 
touches the same portion of the tongue (їп 
the unanesthetized patient). 
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Please explain the neuromuscular and 
other factors that prevent the activation of 
the reflex in the presence of food, yet cause 
activation in the presence of a foreign object. 


MD, Oklahoma 


ANSWER #1: In humans, the areas of 
maximum sensitivity to the second, or pha- 
ryngeal, stage of swallowing are the ante- 
rior and posterior pillars of the fauces and 
the tonsils. The sensory nerve for the pha- 
ryngeal stage of swallowing is basically the 
glossopharyngeal nerve.! The areas of maxi- 
mum sensitivity to the gag reflex are the 
fauces, base of tongue, palate, and posterior 
pharyngeal wall. The sensory innervation 
for the gag reflex is also the glossopharyn- 
geal nerve, with contributions from V and 
X.? 


The glossopharyngeal afferent fibers in- 
clude both fibers that elicit the gag reflex 
and fibers that inhibit the gag reflex. The 
inhibiting fibers of the 9th nerve respond to 
milder stimuli than do those fibers which 
call forth the gag reflex? Therefore, mild 
stimuli, such as small amounts of water, 
salivary secretions, or food, will inhibit the 
gag reflex and stimulate the second, or 
involuntary, stage of the swallow reflex. 
Stronger stimuli, such as accumulated saliva 
or a large bolus of food, will stimulate the 
gag reflex. In addition, the gag reflex is 
influenced by fibers that pass to and from 
the coordinating center in the medulla ob- 
longata to the cerebral cortex, thus giving 
rise to the gag reflex secondary to repulsive 
sights or odors received from the eyes, nose, 
and mouth.? The course of the exact neuro- 
pathways from higher centers to the medul- 
lary centers is still unclear.* 


In unanesthetized individuals, cortical in- 
fluences, as well as the degree of stimulation 
by a finger or laryngoscope, account for the 
triggering of the gag reflex. The reflex may 
be inhibited by asking the patient to quiet- 
ly breathe in and out, a phenomenon 
thought to be secondary to respiratory in- 
hibition of the gag reflex via a final com- 
mon pathway.” 
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ANSWER #2: This question should occur 
to every anesthesiologist but seldom does, 
or at least is seldom voiced. It did occur to 
Wassilieff, who noted on himself that tac- 
tile stimulation of the soft palate inhibited 
swallow, and, in longer continuation, elicited 
nausea and retching. In the monkey, swal- 
low is found to be alternative to retching as 
a response to continued stimulation of the 
superior laryngeal nerve.? 


As stated by Doty and Bosma,? stimula- 
tion of afferents in the pharyngeal area is 
pluripotential, deglutition being but one of 
several effects obtainable. These authors 
suggested that such functions as chewing, 
licking, coughing, sneezing, gagging, and 
respiration, which overlap in their afferent 
and efferent channels, may interact with 
swallowing, but, as expressed by Bosma 
(personal communication, 1975), swallow 
and, apparently, the associated feeding com- 
posite, so dominate the bulbar area that 
alternative elicitations are inhibited. 


Of cognate interest is the well-established 
roentgenologic observation*?^ that when ra- 
diopaque liquid is swallowed, a little mate- 
rial frequently penetrates the entrance of 
the laryngeal vestibule, only to be expelled 
later by hyperelevation of the larynx against 
the inverted epiglottis, in a kind of squeeze 
action. Absence of a cough reflex during this 
period is usually attributed to the mode of 
association of the reflex centers of the me- 
dulla, which is thought to render the major 
reflex actions mutually exclusive. The burst 
of coughing occasionally evoked with a swal- 
low suggests to me that this explanation is 
not the whole story, and that another mech- 
anism may sometimes also be involved. 


A bunched-up appearance at the entrance 
is observable laryngoscopically in prolonged 
effort closure of the larynx (complete la- 
ryngeal spasm), and probably results in 
part from inversion of the mucosa by ary- 
epiglotticus muscle fibers ending in the mu- 
cosa. In swallow, such inversion removes 
cough-originating receptors from contact 
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with vestibular bolus. Incompleteness of 
the inversion or of the above-mentioned 
squeezing action could explain a cough 
triggered at this time. 


Finally, cineradiography* shows that 
about 0.5 second elapses between the time 
the leading edge of a bolus passes the fauces 
and the time the trailing edge enters the 
esophagus. If the period of stimulation of 
gag-originating receptors necessary to elicit 
a gag reflex exceeded 0.5 second, the appar- 
ent suppression of gag by swallow would 
again be accounted for. 
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QUESTION: 1. Does the patient have the 
right to request the Professor of Anesthesi- 
ology or one of the senior anesthesiologists 
to perform the intubation or any other anes- 
thetic procedure rather than one of the pro- 
fessor's students? 2. What are the possible 
legal consequences following this request? 


MD, Belgium 


ANSWER #1: The question relates to the 
contract for patient care embodied in the 
physician-patient relationship. Belgium is 
a civil-law country; my answer is couched 
in terms of the common law of the USA 
and countries of the British Commonwealth. 
The legal principles should be similar, how- 
ever. 


Patients who enter teaching hospitals are 
. under constructive notice that a major por- 
tion of their care will be given by trainees, 
acting under staff supervision. It is com- 
mon knowledge among the American public 
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(and, I assume among citizens of other 
countries as well) that a university hospital 
is engaged in teaching and that house offi- 
cers and even medical students participate 
actively in patient care. Thus, if the patient 
does not request the service of a specific 
staff physician, it is customary practice to 
allow residents to perform such tasks as 
laryngoscopy and endotracheal intubation, 
as well as to select and administer the anes- 
thetic agent. 


If a patient inquires of the staff as to 
who will be caring for him, he must be 
apprised frankly and honestly. The patient 
does have the right to request the services 
of a staff physician. This is so because the 
contract for medical care, embodied in the 
physician-patient relationship, is a personal- 
services contract. As such, the duties ema- 
nating from it cannot be delegated without 
the express consent of the parties. If a phy- 
sician unilaterally delegated to others any 
of his duties to the patient, especially to 
someone less skilled than he, he could be 
liable for fraud or breach of contract. The 
delegatee could also be liable for battery, 
since he performed a service that the patient 
had not authorized him to carry out.! 


As with many other aspects of medical 
care, absent emergency circumstances, it is 
highly desirable that the patient's wishes 
be followed. 
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ANSWER #2: ТҺе answer to the first ques- 
tion is yes; to the second, the professor, qua 
physician, ignores his patient's requests at 
his financial peril. 


The fact situation falls within the Anglo- 
American Common Law doctrine of Consent 
(conversely, assault and battery). Each in- 
dividual has the right to designate who may 
touch him and to what extent. This right to 
bodily integrity is not only nearly absolute 
but is also jealously guarded by the courts.! 
The patient's right to bodily integrity lets 
him choose both who may and may not 
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administer anesthesia to him (and intubate 
his trachea), either implicitly or explicitly. 


If the professor, qua the patient's personal 
anesthesiologist, lets the student intubate 
his trachea against the patient's explicit re- 
quest to the contrary, the student is guilty 
of a battery (an unlawful touching). If un- 
injured, the patient-plaintiff is entitled to 
nominal money damages. If injured, the 
patient is entitled to compensatory money 
damages commensurate with the injury. If 
the patient-plaintiff’s rights were willfully 
and wantonly abused, punitive damages can 
also be awarded—often 3 times the compen- 
satory damages. If the professor helped 
(touched), the same analysis applies. 


On the other hand, if the professor 
watched as the student intubated the pa- 
tient-plaintiff’s trachea, the patient would 
be hard pressed to allege and prove that the 
professor committed a battery. However, 
the professor can probably be sued success- 
fully under several other legal theories: neg- 
ligence; abandonment; fraud and deceit; 
contract. 


“Negligence” requires the patient-plain- 
tiff to have been injured. The gist is: The 
professor had the duty to do the intubation 
himself or turn it over to a competent anes- 
thesiologist; the professor did neither; as 
a direct result, the patient was injured. The 
professor pays.” 
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The gist of abandonment is that, because 
the patient-physician relationship has been 
established, the professor, qua physician, 
has the duty to personally care for (intu- 
bate) his patient. The professor breached 
that duty to the patient’s detriment. 


“Fraud and deceit” requires the patient- 
plaintiff to prove that the professor led him 
to believe that he would do the intubation, 
while all the time, the professor intended 
and knew the student would do it.? 


Under a contract theory, the patient- 
plaintiff must allege and prove that the pro- 
fessor made an oral contract to personally 
anesthetize (intubate) the patient; that the 
professor did not do so. The patient-plain- 
tiff is, therefore, entitled to damages for 
breach of contract. 
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Paediatric Anaesthesia, Second Edition— 
Davenport, Harold T., MB, FRCP(C), 
FFARCS. Chicago, Year Book Medical 
Publishers, Inc, 1973, 258 pp. 


This monograph has been written by an 
anesthesiologist with great clinical experi- 
ence in pediatric anesthesia. Short and easi- 
ly readable, this book encompasses a broad 
overview of the subject. 


Some of the contents seem too basic: 
drawings of venipuncture technics, for exam- 
ple. However, the chapter entitled “The 
Child Patient” is particularly well done and 
should be of interest to any anesthesiclogist 
who deals with children. The physiologic 
and physical differences of the pediatric as 
compared with the adult patient are briefly 
but well summarized. 


Anesthesia for major operations and for 
patients with rare conditions is dealt with 
quite superficially. An anesthesiologist would 
likely find this book only a starting place 
were he to deal frequently with major pedi- 
atric cases. 


This book could be of interest to anesthe- 
siology residents and as a refresher for those 
who care for pediatric patients on a limited 
basis. 

Wilbur F. Cant, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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Treatment of Pain—Voris, Harold C., MD, 
PhD, and Whistler, Walter W., MD, PhD, 
Editors. Springfield, Charles C Thomas 
Publishers, 1975, 161 pp, price $14.00. 


The editors of this book have assembled 
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book shelf 





a number of presentations on the treatment 
of chronic intractable pain. The presenta- 
tions were made at a pain-treatment sym- 
posium sponsored by the Department of 
Neurological Surgery, Rush Medical Col- 
lege, Rush-Presbyterian-St. Luke's Medical 
Center, Chicago. The contributors are noted 
authorities on the current practices of treat- 
ing chronic pain problems. 


Although the book is primarily oriented 
toward the surgical technics of pain manage- 
ment, other modalities such as acupuncture, 
hypnosis, and drug therapy are also covered. 


The material presented in this book is 
easily readable and understandable. 'The in- 
formation presented will be beneficial to 
anyone interested in the clinical manage- 
ment of chronic pain problems. 


Lee A. Nauss, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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Fluids for Anesthesia and Surgery in the 
Newborn and the Infant—Bennett EJ. 
Springfield, Illinois, Charles C Thomas, 
Publisher, 1975, 205 pp, price $18.50. 


This comprehensive book should fill a 
long-standing void in the field of pediatric 
anesthesia. Dr. Bennett and contributors, 
Drs. Dalal, Ramamurthy, and Schmidt, 
have done an outstanding job in writing it. 


Chapter 2, “The Newborn,” is alone worth 
the price of the book. Dr. Bennett details 
what is known about neonatal renal func- 
tion and various fluid regimes that have 
been proposed to meet the needs of the 
neonate. This is a controversial area and 
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the question of the quantity and especially 
the electrolyte content of fluids to be ad- 
ministered has long been debated. Dr. Ben- 
nett very logically presents the facts that: 


1. The neonatal kidney is quite mature 
in its function and 


2. Can concentrate urine and 


3. Fails to conserve sodium in the pres- 
ence of a sodium deficiency. 


With this in mind, he gives a rationale 
for the use of multielectrolyte solutions in 
the neonate. 


Although the book contains only 205 
pages, it is extensive in its coverage of the 
subject. Readers will find a most complete 
chapter on pyloric stenosis and the ramifi- 
cations of fluid therapy in this commonly 
encountered entity. Other problems, includ- 
ing omphalocele, ruptured bowel, colostomy, 
congenital diaphragmatic hernia, to name 
but a few, are also covered succinctly, if not 
as completely. The chapter on intravenous 
alimentation, by Dr. Ramamurthy, should 
be especially interesting to pediatric anes- 
thesiologists, who are usually not concerned 
with this technic and its problems. 


The book is to be recommended to all 
interested in pediatric anesthesia. However, 
the reader should not plan to get through it 
quickly, as a large amount of detail is cov- 
ered. It should be of help to all who care 
for neonates and infants, both intraopera- 
tively and perioperatively. 


W. F. Cant, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


Acupuncture Anesthesia (A Translation of 
a Chinese Publication of the Same Title). 
Miami, U.S. Directory Service, 1975, 340 
pp, price $30.00. 


Acupuncture analgesia (not anesthesia) 
has been practiced in China for a number 
of years with varying degrees of success. 
The original Chinese text was prepared by 
several investigators and practitioners in 
Shanghai. It consists of historical back- 
grounds, empirical technics of acupuncture 
analgesia for various surgical procedures, 
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and speculation on the hypotheses of mech- 
anism of action. 


The difficulties of acupuncture analgesia 
include unknown mechanisms, lack of stand- 
ard technics, and inconsistent results; it is 
an interesting procedure and may have 
some practical value in extremely rare in- 
stances. 


Information in the book is believed reli- 
able, but its accuracy and completeness 
should not be accepted without additional 
data obtained from further scientific inves- 
tigation. It is hoped that the book will lead 
to further investigation and a better under- 
standing of the subject. 


Josef K. Wang, MD 
Department of Anesthesiology 
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Rochester, Minnesota 


Electroanesthesia: Biomedical and Biophys- 
ical Studies—Sances, Anthony, Jr. and 
Larson, Sanford J. New York, Academic 
Press, 1975, 367 pp, price $36.00. 


Recently, considerable evidence has been 
accumulated to demonstrate the clinical 
usefulness of electroanesthesia in man. In. 
the authors’ laboratory, more than 2000 ap- 
plications of electroanesthesia have been 
given the monkey. 


The text consists of the authors’ observa- 
tions on different technics of electroanesthe- 
sia and its effects on various physiologic 
parameters, experiences of electroanesthesia 
in man, and chapters prepared by investi- 
gators in India, Japan, and Russia. While 
the optimal waveform and currents have not 
yet been established, it has been shown 
that various types of diffuse time-changing 
electric currents applied transcranially via 
external electrodes can produce unrespon- 
siveness in experimental animals, permitting 
major surgical procedures without other 
anesthesia. 


The authors have reported much infor- 
mation in a well-organized manner. 'This 
book will lead to further investigation and 
a better understanding of electroanesthesia. 


Josef K. Wang, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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(36) 


ANESTHESIA and ANALGESIA . . . Current Researches 


A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites original manuscripts on 
subjects pertinent to the specialty of anes- 
thesiology. Original articles accepted for 
publication, or papers presented at the So- 
ciety's annual scientific meetings which sub- 
sequently may be published in the Journal, 
become the property of the International 
Anesthesia Research Society. Reproduction 
in whole or in part is not permitted except 
by mo consent of the publisher and the 
author. 


Submit manuscripts in triplicate to— 
T. H. Seldon, M.D., Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901, U.S.A. 


All papers are reviewed by the Editorial 
Board and other selected referees. If ac- 
cepted for publication, editorial revisions 
may be made to aid clarity and understand- 
ing without altering the meaning. Edited 
copy is submitted to authors for approval 
before it is sent to the printer. Page proof 
will be submitted to authors for final ap- 
proval. Reprint order forms will accompany 
page proof. 


Titles should be concise but informative, 
with thought given to the use of key words 
for indexing. Ninety characters, including 
punctuation and spaces, should be sufficient. 


Coauthors' names should be followed by 
the major degree, professional affiliation, 
and address. 


Abstract: Cn the first page of manuscript, 
an abstract of from 50 to 250 words, accord- 
ing to length of article, but not exceeding 
one double-spaced typed page, should de- 
Scribe purpose, methods, results, and con- 
clusions, as succinctly as possible. This re- 
places both former Capsule Review and 
Summary, but is the same in content and 
format. 


Type manuscript (in triplicate) on 81% 
x 11-inch white paper, with 114 inch margins 
at top, bottom, and both sides. Double space 
ALL typing, including references, legends 
and footnotes. 


References: About 20 references are ac- 
ceptable. In extensive reviews of the litera- 
ture, readers will be advised that longer 


reference citations can be obtained from 
author. Citations should include (1) last 
name of author followed by initials without 
internal punctuation; (2) commas separate 
names and initials of authors; (3) four or 
more authors are designated as “et al;” (4) 
journal name is abbreviated according to 
Index Medicus style; (5) references from 
books show (a) city of publication, name of 
publisher, date of publication, after book 
title; (6) journal references give volume, 
first and last page numbers, year. (See pre- 
vious issues of Anesth & Analg for style.) 


Tables should be self-explanatory and 
should supplement, not duplicate, the text. 


Photographs should have sharp contrast, 
be on glossy paper unmounted, and 4 by 5 
inches or larger. Polaroid prints damage 
easily in handling and thus may reproduce 
indistinctly. Glossy prints are preferred. 
Submit photographs of roentgenograms with 
contrasts as in original and sharply defined; 
“TOP” must be identified. All illustrative 
materials, charts, etc., must be submitted in 
triplicate, clearly numbered according to 
text and legend. 


Lettering on charts and graphs must be 
large enough to be legible when reduced in 
size. Curves, scatter dots, etc., should con- 
trast with reference lines. 


Drawings must be in black (India) ink 
on white background and should be of pro- 
fessional quality. 


Legends for illustrations should be concise 
and typed on one page. Legends for photo- 
micrographs should show stain and magni- 
fication data. 


Drug names used in the text should be 
generic unless trade names are essential to 
the discussion. 


Multiple Publication: 'To avoid violating 
existing copyrights, a statement should ac- 
company each submitted article indicating 
that the material in question: 


1. Has not been simultaneously submit- 
ted to another journal. 


2. Has not been previously published 
elsewhere. 


к; 
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a. Abstracts of 400 words or less do 
not constitute prior publication. 


b. A report issued by requirement of 
a governmental agency or compar- 
able granting institution does not 
constitute prior publication. 


c. Extracting by news media does not 
constitute prior publication unless 
all vital tables and pertinent con- 
clusions are involved or unless such 
publication was actively solicited 
by the authors. 


Legal considerations require letters of per- 
mission from authors and publishers for use 
of illustrations or quotations originally ap- 
pearing elsewhere, and also written permis- 
sion for use of photographs of identifiable 
patients. Identifying information, such as 
names, initials, hospital numbers, and dates, 
must be avoided. 


When experimentation involving human 
subjects is reported, an appropriate state- 
run regarding informed consent should be 
made. 


Case reports should include only signifi- 


cant data. Laboratory findings should be  trations. 
Metric Conversions 
HEIGHT WEIGHT APPROXIMATE CONVERSIONS FROM METRIC MEASURES 
Cm Feet Inches (approx.) Symbol When You Know Multiply by To Find Symbol 
P d 
15 0 ft в ini Kilograms is s LENGTH 
t. in. 1 : mm millimeters 0.04 inches in 
45 1 ft. 8 in. 5 11 Р k : 2 
60  1ft 1 in. 10 "n IS "À UT ier ia 
75 2ft 5\0 ih. 15 33 m T ат do ers нА 
102 : "x ч 03 20 > km kilometers 0.6 m les mi 
120 3. in. 30 66 : : 
125 Mn» eins 35 77 Symbol When You Know Multiply by To Find Symbol 
130 4ft. 3 in. 40 88 MASS (weight) 
135 4 8: 5 in. 45 99 g grams 0.035 ounces oz 
140 4 ft. 7 in. 50 110 kg kilograms 2.2 pounds Ib 
145 XT. 2 d. 55 121 t tonnes (1000 kg.) 1 short tons 
150 MH: PL In. 60 132 
155 5H. 118. 65 143 Symbol When You Know Multiply by To Find Symbol 
180 5ft 3. 70 154 Ж Р 
165  5ft 5 in. 75 165 | = SA 
170 SH. Fin. 80 176 F Fahrenheit 5/9 (after Celsius ec 
175 Ed- 915 85 187 temperature subtracting temperature 
180 5 ft. 11 in. 90 198 32) 
185 6 ft. 1ш. 95 209 
190 6 ft. 3 in. 100 220 
195 6 ft. 5 in. 105 231 
200 GR 7 in. 110 242 
205 6 ft. 9 in. 115 253 
210 BM. Win. 120 264 
215 7 ft ] in 125 275 
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restricted to those pertinent to the discus- 
sion. 


Symbols used for respiratory physiology 
should follow Fed. Proc. 9:602, 1950. 


Explanation of abbreviations and symbols 
used within the text should be added as a 
footnote. 


Example: torr: Unit of pressure of 1 mm. 
of mercury at 0° C. and standard gravity. 


CHECK LIST 


Title 
Authors 
Abstract 
Text 
Tables 
References 
Figures 
Legends 


Manuscripts and all illustrations should 
be mailed flat, in triplicate, with cardboard 
protection. The author should retain one 
complete copy, including tables and illus- 
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An unusually fast-acting 


nondepolarizing blocking agent '? 


PAVULON 


pancuronium bromide 


TTA 














for many patients for many reasons 


in pediatric 
surgery^"* 


Pavulon® has been used with 
satisfactory results in pedi- 
atric patients undergoing 
electivesurgery!', abdominal 
surgery? and cardiovascular 
surgery®. Dose response 
studies indicate that, except 
for neonates, dosage is the 
same as for adults. In neo- 
nates, atest dose of 0.02 mg/ 
kg is recommended to de- 
termine responsiveness. 


in geriatric 
surgery" 


Pavulon? can be considered 
a preferred relaxant for ma- 
jor surgical procedures in 
the aged patient because of 
the relative absence of sig- 
nificant side effects. 


in the high 
risk patient 


Pavulon? is often preferred 
for poor risk patients5 14.16 
especially those with asthma 
or chronic bronchitis? 14.16.17, 
cardiovascular disease^ 5.16. 
18 and patients undergoing 
abdominal, thoracic or other 
major surgery?5, including 
open heart surgery!*. Cau- 
tion should be exercised, 
however, in the presence of 
renal disease since a major 
portion of the administered 
drug is excreted unchanged 
in the urine. 


2-5, 14-18 
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PAVULON” (pancuronium bromide) 


THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 


ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 





DESCRIPTION: Pavulon (pancuronium bromide) is the aminoster- 
oid 2 beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17 
beta-diol diacetate dimethobromide. It has the following structural 


formula: OOC.CH, 





г ^ но 
CH,COO н 


ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking 
apent possessing all of the characteristic pharmacological actions 
of this class of drugs (curariform) on the myoneural junction. 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. 
With the administration of 0.04 mg. per kg. the onset of action, as 
measured by a pennnersi nerve stimulator, is usually within 45 
seconds, and its peak effect is usually within 4% minutes; recovery 
to 90% of control twitch height usually takes place in less than one 
hour. Larger doses, more suitable for endotracheal intubation, 
such as 0.08 mg. per kg. of Pavulon have an onset of action of 
about 30 seconds, and a peak effect within 3 minutes. Supplemen- 
tal incremental doses of Pavulon, following the initial dose, slightly 
increase the magnitude of blockade, and significantly increase the 
duration of the blockade. 

Pavulon has little effect upon the circulatory system. The most 
Hie quenty reported observation is a slight rise in pulse rate 

uman histamine assays, and clinical observations, as well as in 
vivo guinea pig testing, and in vitro mast cell testing, indicate that 
histamine release rarely, if ever, occurs. 

Pavulon is antagonized by acetylcholine, anticholinesterases, 
and potassium ion. Its action is increased by inhalational anesthet- 
ics such as halothane, diethyl ether, and methoxyflurane, as well as 
quinine, magnesium salts, hypokalemia, some carcinomas, and 
certain antibiotics such as neomycin, streptomycin, kanamycin, 
and bacitracin. The action of Pavulon may be altered by dehydra- 
tion, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents. 

Pavulon has no known effect on consciousness, the pain 
threshold, or cerebration. 


INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to 
induce skeletal muscle relaxation. It may also be employed to 
facilitate the management of patients undergoing mechanical 
ventilation. 
CONTRAINDICATIONS: Pavulon is contraindicated in patients 
known to be hypersensitive to the drug or to the bromide ion. 
WARNINGS: PAVULON SHOULD BE ADMINISTERED IN 
CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE 
SUPERVISION OF EXPERIENCED CLINICIANS, WHO ARE FAMIL- 
IAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS 
THAT MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD 
NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL 
AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN MUST 
BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small 
doses of Pavulon may have profound effects. A peripheral nerve 
stimulator is especially valuable in assessing the effects of Pavulon 
in such patients. 


USAGE IN PREGNANCY: The safe use of pancuronium bromide 


-- has not been established with respect to the possible adverse 


effects upon fetal development. Therefore, it should not be used in 
women of childbearing potential and particularly during early 
pregnancy unless in the judgment of the physician the potential 
benefits outweigh the unknown hazards. There are insufficient data 
to support safe use of Pavulon in obstetrics, so such use is not 
recommended. 


PRECAUTIONS: Although Pavulon has been used successfully in 
many patients with pre-existing pulmonary, hepatic, or renal 
disease, caution should be exercised in these situations. This is 
particularly true of renal disease since a major portion of adminis- 
tered Pavulon is excreted unchanged in the urine. 


ADVERSE REACTIONS: Neuromuscular: The most frequently not- 
ed adverse reactions consist primarily of an extension of the rug's 
pharmacological actions beyond the time period needed for sur- 
gery and anesthesia. This may vary from skeletal muscle weakness 
to profound and prolonged skeletal muscle relaxation resulting in 
respiratory insufficiency or apnea. Inadequate reversal of the 
neuromuscular blockade by anticholinesterase agents has also 
been observed with Pavulon (pancuronium bromide) as with all 
curariform drugs. These adverse reactions are managed by manual 
or mechanical ventilation until recovery is judged adequate. 

coca A slight increase in pulse rate is frequently 
noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the 
use of Pavulon. 

Respiratory: One case of wheezing, responding to deepening of 
the inhalational anesthetic, has been reported. 


DRUG INTERACTION: The intensity of blockade and duration of 
action of Pavulon is increased in patients receiving potent volatile 
inhalational anesthetics such as halothane, diethyl ether, enflur- 
ane, and methoxyflurane. No increase in intensity of blockade or 
duration of action of Pavulon is noted from the use of thiobarbitu- 
rates, narcotic analgesics, nitrous oxide, or droperidol 

Prior administration of succinylcholine, such as that used for 
endotracheal intubation, enhances the relaxant effect of Pavulon 
and the duration of action. If succinyicholine is used before 
Pavulon, the administration of Pavulon should be delayed until the 
succinylcholine shows signs of wearing off 


DOSAGE AND ADMINISTRATION: Pavulon should be adminis- 
tered only by or under the supervision of experienced clinicians. 
DOSAGE MUST BE INDIVIDUALIZED IN EACH CASE. The dosage 
information which follows has been derived from dose-response 
studies based on body weight and is intended to serve as a guide 
only. Since potent inhalational agents or prior administration of 
succinylcholine enhance the intensity of blockade and duration 
of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental 
dosage. 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. 
per kg. Later incremental doses starting at 0.01 mg. per kg. may be 
used. These increments slightly increase the magnitude of the 
blockade, and significantly increase the duration of blockade, 
because a significant number of myoneural junctions are still 
blocked when there is clinical need for more drug. 

If Pavulon is used to provide skeletal muscle relaxation for 
endotracheal intubation, doses of 0.06 to 0.1 mg. per kg. are 
recommended. Conditions satisfactory for intubation are usually 
present within 2 to 3 minutes. The ability of the anesthetist to 
intubate with Pavulon (pancuronium bromide) improves with expe- 
rience. 

Dosage in Children; Dose-response studies in children indicate 
that, with the exception of neonates, dosage requirements are the 
same as for adults. Neonates are especially sensitive to non- 
паројапапи neuromuscular blocking agents, such as Pavulon, 
during the first month of life. It is recommended that a test dose of 
0.02 mg. per kg. be given first in this group to measure responsive- 
ness. 


MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCK- 
ADE: Residual neuromuscular blockade beyond the time period 
needed for surgery and anesthesia may occur with Pavulon as with 
other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume 
or apnea. A peripheral nerve stimulator may be used to assess the 
degree of residual neuromuscular blockade. Under such circum- 
stances the primary treatment is manual or mechanical ventilation 
and maintenance of a patent airway until complete recovery of 
normal respiration is assured. Regonol® (pyridostigmine bromide) 
or neostigmine, in conjunction with atropine, will usually antago- 
nize the skeletal muscle relaxant action of Pavulon. These should 
be accompanied by or preceded by injection of atropine sulfate to 
minimize the incidence of cholinergic side effects, notably exces- 
sive secretions and bradycardia. Satisfactory reversal can be 
judged by adequacy of skeletal muscle tone, and by adequacy of 
respiration. A peripheral nerve stimulator may also be u: to 
monitor restoration of twitch height. Failure of prompt reversal 
(within 30 minutes) may occur in the presence of extreme debilita- 
tion, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which 
enhance neuromuscular blockade or cause respiratory depression 
of their own. Under such circumstances the management is the 
same as that of prolonged neuromuscular blockade. ventilation 
must be supported by artificial means until the patient has resumed 
control of his respiration. Prior to the use of reversal agents, 
reference to the specific package insert of the reversal agents 
should be made. 


CAUTION: Federal law prohibits dispensing without prescription. 


HOW SUPPLIED: 
2 ml. ampuls—2 mg. /ml.—box of 25 
5 ml. ampuls—2 mg./ml.—box of 25 
10 mi. multiple dose vials—1 mg./ml.—box of 25 
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The International Anesthesia Research Society is a non-profit, scientific and educational corporation of the State 
of Ohio founded in 1922 “To Foster Progress and Research in Anesthesia.” To this end it performs two functions: 
(1) It publishes a bi-monthly journal, “ANESTHESIA and ANALGESIA . . . Current Researches”; and (2) It 
sponsors an annual scientific "Congress" meeting which meets the criteria for Category 1 credit toward the AMA 
Physicians Recognition Award. 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any other local, state 
or national anesthesia organization. 


MEMBERSHIP - ASSOCIATE MEMBERSHIP 


MEMBERSHIP is open to individuals with doctorate degrees, licensed to practice in the medical, dental, osteo- 
pathic or veterinary medicine professions (ї.е., MD, МВ, DDS, DMD, DO, DMV); and to individuals with doctorate 
degrees (Ph.D.) in any scientific discipline, engaged in academic, private or commercial research. 
ASSOCIATE MEMBERSHIP is open to individuals in the allied health professions, duly certified by their pro- 
fessional accrediting organization as nurse anesthetists (CRNA), physician assistants-anesthesia (PA-Anesth.), 
inhalation therapists (ARIT) or respiratory technicians (CRTT). 


DUES are $25 per year for Members and Associate Members, and include a subscription to ANESTHESIA and 


ANALGESIA . . . Current Researches. Members are also entitled to reduced registration fee at IARS annual 
scientific meetings. 


EDUCATIONAL MEMBERSHIP 


EDUCATIONAL MEMBERSHIP is open to interns and residents in anesthesiology training programs; registered 
nurses enrolled in nurse anesthesia schools; students in inhalation or respiratory therapy training programs, or 
in physician assistant anesthesia programs. 


The official Educational Membership application blank must be completed by the individual applicant, and 
signed by his or her training program director. 


Dues are $25 for a single, two-year period during the member's anesthesia training period, and include a two- 
year subscription to ANESTHESIA and ANALGESIA .. . Current Researches. Educational Members are entitled to 
complimentary registration at JARS annua! scientific meetings. 
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Application forms are available from Clevelend business office. Program Directors are invited to obtain a 
supply of Educational Membership applications for their students in training. 


MONITORS MADE. 
MADE EVEN BETTER. 


У 


For some time now, our 
monitors have been selected 
for use in surgery by more 
medical people than any other 
battery-powered monitors in 
the world. Because we give you 
more of what you want in a 
monitor than any other moni- 
tors in the world. 

However, this didn't stop 
us from improving them. 

Our new Datascope 851 
and 861 will now give you heart 
rate not only from ECG, but also 
from pulse or blood pressure. 

And both monitors will 
give you 2 traces. So you can 
monitor ECG (or EEG) and 
pulse simultaneously. 

And both give you beat by 
beat synchronization!. So a 
tU.S. PATENT NO. 3457452 


DATASCOPE 861 


CANGER—POSSIBLE EXPLOSION HAZARD IF USED 
IN THE PRESENCE OF FLAMMABLE LE ANESTHETICS. _ 


LEAD SELECTOR 


single ECG complex shows up 
with each full sweep. 

The 861 does even more. 
It monitors body temperature. 
On a digital read-out. And this 
same digital display will give 
you heart rate when you want 
it; or mean blood pressure 
when you are using the 861 with 
our Pressure Module. 

For all the things our 851 
and 861 do, they're surprisingly 
portable. And they offer longer 
battery-operating time than 
any other monitors. In some 
cases, actually twice as long. 

Will they continue to be 
the most popular monitors 
made? More so. 

For further information 
about our new 851, 861, or our 





Pressure Module, write Data- 
scope Corp., 580 Winters Ave., 


Paramus, NJ 07652. 
е; 


DATASCOPE 
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DATASCOPE 861 





The 861 with Pressure Module. 


THE DATASCOPE 
851/861 
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the anxiety that may complicate premedication, 
induction and recovery room emergence. 

It has no significant depressant effects on 
respiratory or circulatory function and often 
reduces postoperative emesis. 

Vital signs are seldom impaired. Involuntary 
motor activity, including rare instances of 
tremor and convulsions, has been reported, 


Visfaril ım. 


(hydroxyzine НСІ) 


100 mg./2 ml., 50 mg./ ml. and 25 mg./ ml. Vials and Isojects® 
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And, because it may enhance the effect of 
injectable analgesics, requirements of narcotic 
and nonnarcotic analgesics, such as meperidine, 
morphine sulfate and pentazocine, may 

be reduced. 

Vistaril I.M. is physically compatible with 
most commonly used analgesics, and can be 
mixed with them in the same syringe. 

Alone, or as an adjunct for use with injectable 
analgesics, the maximum recommended dosage 
of Vistaril I.M. is 100 mg. While the analgesic 
dosage needed will usually be reduced, the actual 
dosage of Vistaril I.M. should 
be titrated against the individual Pfizer) 
patient’s clinical response. LABORATORIES 
DIVISION 


PFIZER INC. 





VisTaril LM. 
(hydroxyzine НСІ) 


100 mg./2 ml., 50 mg./ml. and 25 mg./ml. 
Vials and Isojects* 





Calm 
Before Anesthesia... In Recovery 











Brief Summary 

VISTARIL® (hydroxyzine hydrochloride) Intramuscular Solution 

For Intramuscular Use Only 

Contraindications: Hypersensitivity to hydroxyzine. The solution for 
intramuscular use must not be injected subcutaneously, intra-arterially, 
or intravenously. 

Hydroxyzine, when administered to the pregnant mouse, rat, and 
rabbit, induced fetal abnormalities in the rat at doses substantially above 
the human therapeutic range. Clinical data in human beings are 
inadequate. Until adequate data are available to establish safety in early 
pregnancy, hydroxyzine is contraindicated during this period. 
Precautions: Hydroxyzine may potentiate the action of central nervous 
system depressants such as narcotics and barbiturates. In conjunctive 
use, dosage for these drugs should be decreased as much as 50%. 
Because drowsiness may occur, patients should be cautioned against 
driving a car or operating dangerous machinery. The usual precautions 
for intramuscular injection should be followed; soft-tissue reactions 
have rarely been reported when proper technique has been used. 
Hydroxyzine intramuscular solution should be injected well within the 
body of a relatively large muscle. In adults, the preferred sites are the 
upper outer quadrant of the buttock (i.e., gluteus maximus), or the mid- 
lateral thigh. In children, preferably the mid-lateral muscle of the thigh. 
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In infants and small children, the upper outer quadrant of the gluteal 
region should only be used when necessary, as in burn patients, in c 
to minimize the possibility of damage to the sciatic nerve. The deltoic 
area should be used only if well developed, such as in certain adults 
older children, and only with caution to avoid radial nerve injury. 
Injections should not be mace in the lower and middle thirds of the 
upper arm. Aspiration is necessary to help avoid intravascular inject 
Adverse Reactions: Drowsiness may occur; if so, it is usually transit 
and may disappear іп a few days of continued therapy or upon dosat 
reduction. Dryness of the mouth may occur with higher doses. Involu 
tary motor activity, including rare instances of tremor and convulsion 
has been reported, usually with higher than recommended dosage. 
Supply: Vistaril (hydroxyzine HCI) Intramuscular Solution: 25 mg./rr 
10 ml. vial; 50 mg./ml.—2 ml. and 10 ml. vial; Isoject$, 25 mg./ml. ar 
50 mg./ml., 1 ml. fill; 100 mg./2 ml., 2 ml. fill. 

Military Depot: NSN 6505-00-052-1367 (50 mg./ml., 10 ml. vial) 

VA Depot: NSN 6505-00-052-1367B (50 mg./ml., 10 ml. vial) 


More detailed professional information available on request. 
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PFIZER INC. 


. When you 


need to know 
| DInaMaP for non-invasive, routine 


monitoring of arterial pressure? 












Using: Ап ordinary pressure cuff with no 
transducer. Easily attached to any limb: 
Provides: Automatic determination and digital 
display of mean arterial pressure. 


Write or call for your demonstration. 


Applied Medical Research 
6 Columbia Drive 

la Tampa, Fla. 33606 
(813) 251-8390 be, , 






tAudible pulse monitor optional 
| *1пс1идїпр patient preferred ank] 
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siologists at Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 











ANESTHESIOLOGIST, FFARCS, age 31, 6% 
years experience in England and Holland, 
ECFMG and US Immigration visa; seeks chal- 
lenging position academic or multispecialty 
clinic. Contact: V. S. Joshi, 2 Castelmorelaan, 
Maastricht, Holland. 


—s——————ÉÓÓÓÓM IU ME —UUAGLKI!" A 989 : ( fà/ll M — 
ANESTHESIOLOGIST — markedly expanding 
academic medical center located in attractive PEDI TE SEEN SIOLOGY 
Midwestern setting requires additional senior Е В 
and iier faculty; Board certification and Childrens Hospital of Los Angeles 
teaching experience necessary; salary from | Three-phase program: Clinical, Academic, In- 
$45,000-$75,000 with extraordinary fringe ben- vestigative, emphasizing practical aspects of 
efit program. Inquiries with curriculum vitae anesthesiology related to infants and chil- 
to Box 5-76-B in care of LA.R.S. dren. 
AMA approval for third-year residency. Posi- 
ANESTHESIOLOGIST: Board certified/eligi- tions available from two months to one year. 
ble to join newly formed group of anesthesi- | Apply: George B. Lewis, Jr., M.D. 
ologists and nurse anesthetists in New Orleans. Head, Division of Anesthesiology 
Fee for service private practice at 650-bed Childrens Hospital of Los Angeles 
general hospital and newly opened Pediatric 4650 Sunset Boulevard 
hospital. Write or call Metropolitan Anesthesia Los Angeles, California 90054 
Associates, 4520 Melpomene, New Orleans, La. Phone (213) 660-2450, Ext. 2262 
70185. (504) 822-9331. 
T: 1 POSITION WANTED BY CRNA: Experience 
ANESTHESIOLOGIST—to join staff in new | and masters degree. Seeks position as director 
400-- bed university affiliated teaching hospi- | of nurse anesthesia school or division. Resumé 
tal in large metropolitan area. Candidates must | on request. Reply: Box 3-76-D in care of 
be licensed or eligible for licensure in the state | I.A.R.S. 
of Minnesota at the time they are accepted 
for employment. Salary commensurate with 
experience. For further information contact: FACULTY POSITIONS 
Irving Greenfield, Chief of Service Department of Anesthesiology, University of 
Dept. of Anesthesia $ Louisville School of Medicine, has faculty posi- 
Hennepin County Medical Center tions open for board certified/eligible anesthe- 
5th and Portland siologists. One position reserved for those with 
Minneapolis, MN 55415 special interest in obstetrical anesthesia; work 
pee eee eS O „э ee дуо үөн сыл agar m and/or coordination 
о . Send i - 
ADMINISTRATIVE-TEACHING POSITION | пешат vitae to К. P. Geevarghese, M.D, 
OMEN d ыш M dipal Р.О. Box 1055, Louisville, Kentucky 40201. An 
eni » P e i irmati i : 
masters degree. Prefer teaching hospital and qual оррокИШИ Яша у яе action employer 
authority equivalent to responsibility. Salary 
important, not hours. For resumé contact: | Young bd. elig. married with no military obli- 
Box 3-76-C in care of I.A.R.S. gation. 3 year major university training in- 
cR faculty pe os i e quali 
eS г ed in regional anesthesia. Can share cardiac 
ANESTHESIOLOGIST- Position available for | and respiratory consults. Excellent references. 
Board Certified or eligible Anesthesiologist in | Desires Western U.S. Write Box 5-76-A in 
an ambulatory surgical facility. Competitive | care of LA.RS xA 
salary with liberal fringe benefits offered. For xd ЫЧ 
does posee call > L. Hen om, Y Api тт REESE. C LITE 
318-233-5025, or send vitae to Surgery Center, | NEBRASKA Opportunity for Anesthesiolo- 
Inc, 1101 South College Road, Suite 100, La- | gist in 450-bed acute care, teaching hospital 
fayette, Louisiana 70501. affiliated with two medical schools; must be 
—є——_ are certified or Щн, — commensurate 
with education and experience. An equal oppor- 
FACULTY POSITIONS А tunity employer. Contact J. Ј. Matoole, M.D., 
Department of Anesthesiology, Charity Hos- | Chief of Staff, Veterans Administration Hos- 
pital, New Orleans, affiliated with LSU and | pital, 4101 Woolworth Avenue, Omaha, Nebras- 
Tulane Medical Schools, has three faculty posi- | ka 68105 (402) 346-8800, Ext. 442. 
tions open for board certified/eligible anesthe- ў : 





Rates for classified advertising are $3.00 per line, minimum 5 lines. Box nwmber ads $3.50 
per line. Classified Display vates om request. Copy deadline 6 weeks prior to publication. Do 
not submit payment with order; invoices will be sent for payment prior to publication. Ad 
copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia . . . 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
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• As an adjunct to general anesthesia 
* Asasupplement to regional 


anesthesia 


* Used without a general anesthetic 
‚ incertain diagnostic procedures 


INNOVAR® injection is available for use only upon direc- 


tion of a physician. 
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Usual Dosage 
For dosage and other info. 
mation for use, see accom 


panying product literature, 


Special educational material available 

A Programmed Instruction Manual on the chem- 
istry, pharmacology and clinical applications of 
INNOVAR injection and its components is avail- 
able from McNeil Laboratories. For further 
information, please write: Product Director, 


INNOVAR injection, McNeil Laboratories, Inc., 


Fort Washington, Pa. 19034 


© McN 1975 


For prescribing information including Contraindications, Warnings, Precautions and Adverse Reactions, please turn page 


Innovar’ injection (7 





The two components of INNOVAR* injection, fentanyl and 
droperidol, have different pharmacologic actions. Before administering 
INNOVAR injection, the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of 
action, 














DESCRIPTION 


Each cc. contains (in a 1:50 ratio): 
Ренан ss euet оа Mea AT игы ыз, 0.05 mg. 
as the citrate 


Draperidol ipM er e MALA ENTE M Cm soo 2.5 mg. 
Lactic acid for adjustment of pH to 3.5+ 0.3 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Protect from Light 


ACTIONS INNOVAR injection is a combination drug containing a narcotic 
analgesic, fentanyl, and a neuroleptic (major tranquilizer), droperidol. The 
combined effect, sometimes referred to as neuroleptanalgesia, is characterized 
by general quiescence, reduced motor activity, and profound analgesia; complete 
loss of consciousness usually does not occur from use of INNOVAR injection 
alone. The incidence of early postoperative pain and emesis may be reduced. 


A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those 
of morphine and meperidine. Fentanyl in a dose of 0.1 mg. (2.0 cc.) is 
approximately equivalent in analgesic activity to 10 mg. of morphine or 75 
mg. of meperidine. The principal actions of therapeutic value are analgesia 
and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics, may last longer than the analgesic 
effect. As the dose of narcotic is increased, the есета іп рштопагу 
exchange becomes greater. Large doses may produce apnea. Fentanyl 
appears to have less emetic activity than other narcotic analgesics. 

istamine assays, and skin wheal testing in man, as well asin vivo testing in 

dogs indicate that histamine release rarely occurs with fentanyl. 


Fentanyl may cause muscle rigidity, particularly involving the muscles of 
respiration. It may also produce other signs and symptoms characteristic 
of narcotic analgesics including euphoria, miosis, bradycardia, and 
bronchoconstriction. 


The onset of action of fentanyl is almost immediate when the drug is given 
intravenously; however, maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The average duration of action 
of the analgesic effect is 30 to 60 minutes. Following intramuscular 
administration, the onset of action is from seven to eight minutes, and the 
duration of action is from one to two hours. Although the duration of the 
respiratory depressant effect is unknown, as with other narcotic analgesics, 
it may be considerably longer than the analgesic effect. 


B. Droperidol produces marked tranquilization and sedation. It also produces 
an antiemetic effect as evidenced by the antagonism of apomorphine in 
dogs. It potentiates other CNS depressants. It also produces mild alpha 
adrenergic blockade, peripheral vascular dilatation and reduction of the 
pressor effect of epinephrine. Droperidol can produce hypotension and 
decreased peripheral vascular resistance. It may decrease pulmonary 
arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other 
cardiac arrhythmias. The onset of action is from three to ten minutes 
following intravenous or intramuscular administration. The full effect, 
however, may not be apparent for 30 minutes. The duration of the sedative 
and tranquilizing effects generally is two to four hours. Alteration of 
consciousness may persist as long as 12 hours. This is in contrast to the 
much shorter duration of action of fentanyl. 


INDICATIONS INNOVAR injection is indicated to produce tranquilization 
and analgesia for surgical and diagnostic procedures. It may be used as an 
anesthetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE* (fentanyl) injection alone rather than the 
combination drug INNOVAR injection should usually be used. 


CONTRAINDICATIONS INNOVAR injection should not be used in patients 
who are hypersensitive to either component. 


WARNINGS PATIENTS WHO HAVE RECEIVED /NNOVAR INJEC- 
TION SHOULD BE UNDER APPROPRIATE SURVEILLANCE. 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST 
SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 


The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INNOVAR injection, the total dose 
of all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. Ut is 
recommended that narcotics, when required, be used initially in reduced doses, 
as low as 1/4 to 1/3 those usually recommended. 


INNOVAR injection may cause muscle rigidity, particularly involving the 
muscles of respiration. This effect is due to the fentanyl component and is related 
to the speed of injection. Its incidence can be reduced by the use of slow 
intravenous injection. Once the effect occurs it is managed by the use of assisted 
or controlled respiration and by а neuromuscular blocking drug, if necessary. 
FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPO- 
TENSION SHOULD ALSO BE AVAILABLE. 


Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drug 
dependence of the morphine type and therefore has the potential for being 
abused. 


Severe and unpredictable potentiation by MAO inhibitors has been reported with 
narcotic analgesics. Since the safety of fentanyl, in this regard, has not been estab- 
lished, the use of INNOVAR injection or SUBLIMAZE fentanyl in patients 
who have received MAO inhibitors within 14 days is not recommended. 


Head Injuries and Increased Intracranial Pressure: INNOVAR injection should be 
used with caution in patients who may be particularly susceptible to respiratory 
depression such as comatose patients who may have a head injury or brain tumor. 
In addition, these drugs may obscure the clinical course of patients with head 
injury. 

Usage in Children: The safety of INNOVAR injection in children two years ofage 
or younger has not been established. 





[ан in Pregnancy: The safe use of INNOVAR injection has not been 
established with respect to possible adverse effects upon fetal development. 


Therefore, it should be used in women of childbearing potential only when, in tht 
judgment of the physician, the potential benefits outweigh the possible hazards 
There are insufficient data regarding placental transfer and fetal effects 
therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS The initial dose of INNOVAR injection should be а, propriat. 
ly reduced in elderly, debilitated and other poor risk patients. The effect of the 
initial dose should be considered in determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and ca: 
cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions) fentanyl and droperidol also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is 
used to supplement these forms of anesthesia, the anesthetist must be familiar 
with the physiological alterations involved, and be prepared to manage them in 
the patients selected for this form of anesthesia. 


The droperidol component of INNOVAR injection may decrease pulmonary 
arterial pressure. This fact should be considered by those who conduct diagnostic 
or surgical procedures where interpretation of pulmonary arterial pressure 
measurements might determine final management of the patient. 


Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE fentanyl, should be used with caution 
in patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. In such 
patients narcotics may additionally decrease respiratory drive and increase 
airway resistance. During anesthesia this can be managed by assisted or 
controlled respiration. Postoperatively respiratory depression caused by 
narcotic analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine, and naloxone); consult individual prescribing information before 
using. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INNOVAR 
injection. When patients have received such drugs, the dose of INNOVAR 
injection required will be less than usual. Likewise. following the administration 
of INNOVAR injection the dose of other CNS depressant drugs should be 
reduced. 


INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 


If hypotension occurs, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid ND. Repositioning the patient to 
improve venous return to the heart should be considered when operative 
conditions permit. It should be noted that in spinal and peridural anesthesia, 
tilting the patient into a head down position may result in a higher level of 
anesthesia than is desirable, as well as impair venous return to the heart. Care 
should be exercised in the moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of 
pressor agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 


The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 


When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly. 


ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension; if these remain untreated, respiratory arrest, 
circulatory depression or cardiac arrest could occur. - 


Extrapyramidal үр ош» (dystonia, akathisia, and oculogyric crisis) have been 
observed up to 24 hours postoperatively. When they occur, extrapyramidal 
symptoms can usually be controlled with anti- parkinson agents. 


Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, hyperactivity on induction, laryngospasm, 
transient hypertension, nausea and emesis, diaphoresis, emergence delirium, 
and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 


Postoperative drowsiness is also frequently reported. 


OVERDOSAGE Manifestations: The manifestations of INNOVAR injection 
overdosage are an extension of its pharmacologic actions. 


Treatment: In the presence of hypoventilation or apnea, oxygen should be 
administered and respiration should be assisted or controlled as indicated, A 
patent airway must be maintained; an oropharyngeal airway or endotracheal tube 
might be indicated. If depressed respiration is associated with muscular rigidity, 
an intravenous neuromuscular blocking agent might be required to facilitate 
assisted or controlled respiration. The patient should be carefully observed for 24 
hours; body warmth and adequate fluid intake should be maintained. If 
hypotension occurs and is severe or persists, the possibility of hypovolemia 
should be considered. A specific narcotic antagonist such as nalorphine, 
levallorphan or naloxone should be available for use as indicated to manage 
respiratory depression caused by the narcotic component fentanyl. This does not 
preclude the use of more immediate countermeasures. Consult the package 
inserts for the individual narcotic antagonists for details about use. 


HOW SUPPLIED INNOVAR injection is supplied in 2 cc. (NDC 0045-0280- 
20) and 5 cc. (NDC 0045-0280-50) ampuls, in packages of 10. 


IMPORTANT: Complete dosage information is available in insert which accom- 
panies each package (or on request). The drugis available only upon direction of a 
physician. 


U.S. Patent No. 3,141,823 9/74 
McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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PROFESSIONAL 
INSTRUMENTS COMPANY 
MODEL NS-2 * 
PERIPHERAL 
NERVE STIMULATOR 
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34 MANUFACTURED UNDER U.S. 
DEVICE AND USE PATENT NO.'S 
3,364,929 *3,565,080*3,612,060 
3,624,484* 3,682,162 





U.S. Patent applied for. 


FOR Professional 
INFORMATION, CONTACT: Instruments 
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MONITORS EFFECTS OF SKELETAL MUSCLE RELAX- 
ANTS ON THE NEUROMUSCULAR JUNCTION, DETECT- 
ING ABNORMAL RESPONSE TO MUSCLE RELAXANTS 

AND DISTINGUISHES BETWEEN DEPOLARIZING AND 
NON-DEPOLARIZING BLOCKADE. 


THE MODEL NS-2 


O DELIVERS STIMULI AT 5 SECOND INTERVALS. 
ONE OR FIFTY PULSES-PER-SECOND MAY BE 
SELECTED BY MOMENTARY PUSH-BUTTON 
SWITCHES. 


D OUTPUT IS A MONOPHASIC SQUARE WAVE 
PULSE HAVING A RISE AND FALL TIME OF 
LESS THAN ONE MICROSECOND. AMPLITUDE 
OF PULSE IS LINEARLY ADJUSTABLE. 


O SOLID STATE, RUGGED, BATTERY POWERED, 
PORTABLE AND LIGHTWEIGHT. THE USE OF 
INTEGRATED CIRCUITS ENSURES MAXIMUM 
RELIABILITY. 


D ITIS THE RESULT OF AN AGGRESSIVE, CON- 
TINUING RESEARCH AND DEVELOPMENT PRO- 
GRAM IN NERVE STIUMLATORS AND OTHER 
ELECTRONIC PRODUCTS BY PROFESSIONAL 
INSTRUMENTS COMPANY. 


SUITE C5 

4800 WEST 34TH ST. 
HOUSTON, TEXAS 77018 
PHONE (713) 681-1362 





Company 


Protect patients' eyes with 


OPTI-GARD 


Why tape eyelids shut and risk skin 
abrasion, loss of eyelashes, and contact 
dermatitis? Dupaco Opti-Gard™ for use 
during general anesthesia and post-op 
recovery, effectively and comfortably 
helps prevent corneal abrasion, 
lacerations, and scleral hemorrhage. 
Opti-Gard™ also protects against blood, 
fluid, or other foreign materials 
entering the еуез... a vital 
consideration in ENT, head, or neck 
surgery. Sterile packaged and boxed in 
convenient dispenser, Opti-Gard ™ clear 
plastic protective covers come with 
self adhesive foam cushion. Send for 
free sample. 


|j DUPACO 


INCORPORATED 


Ref: Corneal Injuries During General Anesthesia, Anesthesia 


and Analgesia, Vol. 54, No. 4, July-August, 1975 


P.O. Box 98, San Marcos, Ca. 92069 





In all types of hospitals 
across the United States, 
its Usage grows- 


Dopram 
Injectable 
(doxapram HCI) 


Seven years ago, A. H. Robins 
introduced Dopram, a unique 
respiratory stimulant developed 
in the company's research 
laboratories. What made this drug 
so useful to the anesthesiologist 
was its ability to rapidly restore 
the respiratory drive in patients 
with drug-induced post anes- 
thetic depression. 


Usage of Dopram has 
been steadily. jncreasing 
each year, until ay i it 
has become a very а 
important drug іп the 
armamentarium of more 
than 1,500 hospitals of all ~ 
types іп all 50 states, the District 
of Columbia, and a number of 
foreign countries. These hospitals P Г 
purchased more than 600,000 .. 
doses in 1972 alone. 


E Asthis graph 
Dopram-an important Р shows, hospital 


purchases of 


drug in anesthesiology. d | oe һахе 
Try it for sighs! ? Ж оше га steadily 


rom about 
285,000 doses 


in 1968 to over 





AH-ROBINS 
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Ohio Medical Products, Madison, Wis- 
consin, has available an instrument for am- 
bient air contamination analysis known as 
the OHIO Trace Gas Analyzer. It is de- 
signed to provide rapid and continuous 
measurement of nitrous oxide pollution in 
operating rooms and elsewhere. It can be 
employed to test exhaust systems for escap- 
ing nitrous oxide, and to detect equipment 
leakage both through time period analysis 
of ambient conditions as well as source 
identification. 


* 


Informatics Inc., Woodland Hills, California, a world leader in computer services, has 
just released two new brochures describing its extensive, computerized medical informa- 
tion data base, Excerpta Medica On-Line ( EMOL) Service. 


This EMOL Service resulted from a cooperative agreement between the Excerpta 
Medica Foundation, long a major source for the dissemination of medical information to 
the world's health care professionals, and Informatics Inc. 


EMOL provides extensive coverage of the world's biomedical literature and offers 
instant retrieval capability on a retrospective or continuing basis, thus permitting research- 
ers, clinicians, program administrators, pharmaceutical manufacturers access to the biblio- 
graphic material through a simple typewriter-like computer terminal that can be used in 


any office or laboratory. 
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Pharmaseal, Glendale, California, has a 
new 10 cc medication device which features 
a special ratchet plunger design that elimi- 
nates the numerous problems that may arise, 
eg, when disconnetcing syringes from IV 
lines, or the need for check valves, slide 
clamps and tubes. Also, Stylox's ratchet de- 
sign means you can inject incremental doses 
precisely. 
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Columbus Instruments International Cor- 
poration, Columbus, Ohio, presents their 
"CARDIOTHERM:-500." It automatically 
measures and tracks blood temperature via 
the same thermistor catheter which is used 
for thermodilution curve sensing. It also 
automatically measures and tracks the indi- 
cator temperature. The only parameter left 
for manual entry is the volume of indicator. 
Any volume can be entered on the digital 
dial—0 to 10 mL in increments 0.01 mL. 


The *CARDIOTHERM-500" is recharge- 
able battery-operated and, using a special 
power-saving circuit, the battery will last 
for 100 cardiac output measurements inde- 
pendent of the time of use. 





Shiley Laboratories, Inc., Irvine, California, announces their new disposable radiopaque 
tracheostomy tube, with a new thin-walled, high volume low pressure cuff and a new 
pressure relief valve to prevent tracheal damage due to cuff overinflation. The relief valve 
prevents internal cuff pressures in excess of 25 mmHg by venting off excess air. 


Additional features of the new tracheostomy tube include an inner cannula with locking 
15 mm connector, easily removed and cleaned to maintain a patent airway without 
changing the entire tube, and a swivel neck plate for maximum comfort and conformity 
to individual neck anatomies. The obturator is tapered to simplify insertion and minimize 


trauma. 
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Medical Engineering Corporation, Racine, 
Wisconsin, has available the “Surgitek® Sili- 
cone Anesthesia Tubes" with the exclusive 
Surgitek? low trauma cuff. The all-silicone 
tube is soft, pliable, and is claimed to be 
more comfortable for the patient, and much 
less likely to cause necrosis. The Surgitek? 
tubes may be steam or gas sterilized. 





* * * 


Wolff Industries, San Marino, California, have a new product, the MR-81 Physiological 
Data Tape Recorder. Eight channels of physiological data may be recorded on a compact 
cassette. 


This instrument finds use in recording a wide variety of physiological parameters such 
as ECG, EEG, blood pressure, blood flow, pulse wave forms and heart sounds. The MR-81 
Recorder utilizes both FM and PPM modulation technics. Additionally, one channel 
may be temporarily interrupted with voice comments by using the press-to-talk micro- 
phone that is furnished. 


Ж * * 


A three channel electrocardiograph capable of producing a complete 12-lead electrocar- 
diogram in 10 seconds is now available from the Burdick Corporation, Milton, Wisconsin. 

The Burdick model EK-6 simultaneously records three leads, offering physicians and 
technicians maximum accuracy and diagnostic data while maintaining the simplicity and 
ease of operation of single channel ECGs. 


It is suitable for use in hospitals, multiphasic screening centers, physician offices, or 
any other facility where there is daily need for specific, accurate, electrocardiographic 
service. 


* Ж * 


Advanced Instrumentation Corporation, Middleton, Wisconsin, has a new blood pres- 
sure monitor which is noninvasive, nonocclusive, atraumatic and offers continuous pressure 
readout in addition to continuous pulse pressure recording or CRT display. A small force 
transducer held in place on the wrist with a Velcro strip provides input data to this new 
Model ML-10. 


THE 
VULNERABLE 


Lacri-Lube" protects the vulnerable eye of the anesthetized patient. 

The under-protected eye is threatened during general anesthesia. Tape alone can 
leave your patient's eye vulnerable to dehydration and corneal erosion. And with 
medicated ointments, vou unnecessarily risk allergic reactions and possible long-term 
sensitization. 

Lacri-Lube meets your need for a safer, more sophisticated method of protecting 
and lubricating the eye. Either on its own or as an adjunct to taping. It's the first non- 
medicated, sterile ophthalmic ointment specifically designed to lubricate and protect the 
eye — and do nothing more. 

In fact, ophthalmologists have established Lacri-Lube as their lubricant-protectant of 
choice whenever an eye is jeopardized by exposure or dehydration. And the rapid increase 
in its surgical use indicates that Lacri-Lube fulfills the same need among anesthesiglogists. 

Lacri-Lube is the ophthalmic for anesthesia. | 

When you consider the alternatives, 
you can't make a better choice. AJIERGA 
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ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
Stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 


Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be mecessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. рег ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 


Greene, L. T.: Physostigmine treatment of anti- 
cholinergic drug depression in postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 
antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 


DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE 
(Elavil, Triavil, 
Etrafon) 
ANISOTROPINE 
METHYLBROMIDE 
ATROPINE 
BELLADONNA 
BENACTYZINE 
CHLORPHENIRAMINE 
CYCLOPENTOLATE 
DESIPRAMINE 
(Norpramin, 
Pertofrane) 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 
HYOSCYAMUS 
IMIPRAMINE 

(Tofranil, Presamine) 
ISOPROPAMIDE 
MEPENZOLATE 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Aventyl) 
PIPENZOLATE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
(Mellaril) 


BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


O'NEAL, JONES & FELDMAN, INC. 


1304 ASHBY ROAD • 


ST. LOUIS, MISSOURI 63132 • 


(314) 997-6650 
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The FOREGGER 710 


Anesthesia Control Center. 


Unlike Anything You've Ever Seen. 


Think of what it is like using a typical anes- 
thesia machine. Now, look at the new 
FOREGGER 710 Anesthesia Control Cen- 
ter. Notice the completeness, compact- 
ness, accessibility and visibility of the 
components. Everything is in one place, 
within reach...without dangling wires and 
add-on components. That's why we call 
ix FOREGGER 710 Anesthesia Control 
enter. 


Unlike existing anesthesia machines, the 
FOREGGER 710 Anesthesia Control Cen- 
ter is human engineered. The design 
revolves around you. All of the controls 
for both fixed and movable components 
are operated from a comfortable, working 
position. And this ease of control is com- 
plemented by the latest innovations in 
anesthesia equipment design. 


Take, for instance, the unique rotating 
Vaporizer Turret. It accommodates up to 
three vaporizers, including the Foregger 
Copper Kettle? Vaporizer and Foregger 
Direct Reading Vaporizers. When the 
Turret is locked into place, there is no 
doubt which vaporizer is in circuit. Pos- 
sible contamination from anesthetic 
agents contained in the other vaporizers 
is eliminated. 


Then there are the Direct Reading Vapor- 
izers designed for the administration of a 
specific liquid anesthetic, over a wide 
range of temperatures and flow rates. The 
Copper Kettle Vaporizer, on the other 
hand, affords you constant and precise 
control in both increments and decre- 
ments, while providing simple and accu- 
rate administration of an anesthetic agent. 


There's also a built-in Anesthesia Ventila- 
tor that features fluidic circuitry, inde- 
pendent controls, and a mode selector 
switch that enables you to transfer from 


ventilator to bag without changing tubes 
or adjusting the pressure relief valve. It 
gives you the convenience of easy read- 
outs and the efficiency of direct control. 
And it's easy to clean. 


Storage is human-engineered too! Cabi- 
netry in the new FOREGGER 710 Anes- 
thesia Control Center combines linear 
designed storage with easy accessibility 
and large capacity. 


The Monitoring System, which provides 

a wide range of physiological monitoring 
capability, is located where you need it 
during procedures. Easy to see and reach, 
itincludes a physiological monitor (ECG, 
EEG, temperature, pulse rate, and pres- 
sure), an Oxygen Analyzer, Ventilator 
Disconnect Alarm, and an Elapsed Timer. 


In addition, the FOREGGER 710 Anes- 
thesia Control Center has a built-in 
Oxygen Start, which automatically shuts 
off all other gases when the oxygen flow 
is reduced to a predetermined level. Plus, 
four parallel accessory tracks to mount 
and adjust FOREGGER 710 Anesthesia 
Control Center accessories. All of which 
add another dimension to overall 
flexibility. 

And that's where you should place the 
new FOREGGER 710 Anesthesia Control 
Center. Over all. In capabilities. Flexibili- 
ties. And human engineering. Take a look 
at its other unlike features and we think 
you'll agree... The FOREGGER 710 Anes- 
thesia Control Center is unlike anything 
you have seen before. For more informa- 
tion about what human engineering with 
everything in one place can mean to you, 
fill out and return the attached card. 


With FOREGGER-It's The Unlikely Things 
About Us That You'll Like. 
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M Physiological 
Monitor 

. Ventilator Alarm 

. Elapsed Timer 

. Oxygen Analyzer 

. Accessory Tracks 

. Vaporizer Turret 

. Writing/ Record 
Table 


8. Suction Canister and 
Regulator 
9. Storage Section 
10. Gas Evacuator 
11. Hospital Pipeline Inlet 
Pressure Gauges 


12. Oxygen Flush 

13. Reserve Cylinder 
Pressure Gauges 

14. Absorber 

15. Sphygmomanometer 

16. Oxygen Start 

17. Color-Coded 
Flowmeters 

18. Anesthesia Ventilator 





The FOREGGER 710 
Anesthesia Control Center. 
Everything Built-In, Not Added-On. 


1) Built-In Ventilator 6) Patient Monitoring Console 

2) Vaporizer Turret 8) ECG, EEG, Temperature, 

3) Deep-Dish Storage Pulse Rate, Pressures 

4) Oxygen Start b) Ventilator Disconnect Alarm 
5) Accessory Tracks C) Elapsed Timer 


d) Oxygen Analyzer 
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Safety Features a 


Incorporates many of the latest safety 
standards as recommended by the Z-79/CGA 
Service from one source 

Vaporizer Turret 

Oxygen Analyzer 

Ventilator Disconnect Alarm 

Patient Monitoring 

Low Pressure Guardian? System 

Human engineered for optimal 

accessibility and visibility of components 


Efficient Gas Evacuator 


Ls Ate Products Oxygen Start System 
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VERSAT ONE" MULTI-PURPOSE DOPPLER INSTRUMENT 


FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 





VERBATONE: 


| mea 





FOR EARLY DETECTION 

OF VENOUS AIR EMBOLISM 

This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during- neurosurgical procedures per- 
formed -with the patient in the upright 
position; It also detects motion of the 
heart muscle, heart valves and blood flow. 





VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above аге particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


For more information call or write: 
Р.О. Box M (340 Pioneer Way) Mountain View, CA (415) 965-3333 


3 ы е 
prolonged relaxation 


- instant-mix sterile powder interfaces with all 
major parenteral systems 
. (vacuum or nonvacuum) 


- each unit complete—no needle or syringe 
needed 


- retains potency indefinitely ` 
* no refrigeration required 


- unbreakable, sterile plastic injection 
units of 500 and 1,000 mg 


INJECTION for 
` short-term relaxation 


- a product of choice for. intubation 
and other short procedures 


- unique square bottle and bright yellow 
label fór positive identification 


- ready for immediate use 

.20 mg perce... in 40 cc multidose vials ` 
- flip-top cap for easy opening 

"single or multiple use 
































































































ANECTINE 
(succinylcholine chloride) 


surgical muscle relaxation 





INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 


THIS DRUG SHOULD BE USED ONLY BY | 
CHARACTERISTICS AND HAZARDS | 





DESCRIPTION: Anectine brand Succinylcholine 
Chloride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di-qua 
temary base consisting of tne di-chloride salt of 
the di-choline ester of succinic acid. It is o white 
odoriess. slightly bitter powder and very soluble 
in water The drug is unstable with alkaline solu 
lions. but relatively stable in acid solutions 
depending upon the concentration of the solu 
tionandihe storage temperature. While solutions 
of succinyicholine chloride are sterilized by 
Gulociaving. they should. nevertheless, be stored 
under refrigeration to preserve their potency 


INDICATIONS: Succinylcholine chloride 
cated as an adjunct to anesthesia to С 
skeletal muscle relaxation It may be employed 
to reduce the intensity of ontractions 
of pharmacologically or elec y induced 
convulsions 


CONTRAINDICATIONS: 5 
contraindicated for persons with a known hyper 
sensitivity to the drug 
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ccinylcholine is 


WARNINGS 


WARNING: SUCCINYLCHOLINE SHOULD 
BE USED ONLY BY THOSE SKILLED IN THE | 
MANAGEMENT OF ARTIFICIAL RESPIRA- | 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- | 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, | 
INCLUDING THE ADMINISTRATION OF | 
| 


OXYGEN UNDER POSITIVE PRESSURE AND 
THE ELIMINATION OF CARBON DIOXIDE 

THE CLINICIAN MUST BE PREPARED TO | 
ASSIST OR TO CONTROL RESPIRATION 








Succinylcholine should not be 
short-acting barbiturates in the same syringe 
or administered simultaneously during intra 
venous infusion through the same needle. Solu 
lions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline 
reaction Depending upon the resultant p 
mixture of solutions of these drugs. either free 
barbiluric acid may be precipitated or suc 
cinyicholine hydrolyzed 
Usage in Pregnancy The safe use of succin 
yicholine has not been established with respect 
Юе possible adverse effects upon fetal de 
opment Therefore, it should not be used in 
women of childbearing potential and particu 
larly during early pregnancy unless ir 

ment of the physician the pote 
Outweigh the unknown hazards 


PRECAUTIONS: Lo or abnorrmai vari 
anis of plasma cholinesterase may be asso 
“elated with prolonged respiraton 
orapnea following the use of succ 
Low levels of plasma cholinesterase 
in patients with severe liver dise 
Severe anemia A RONOR. se 
Топ. changes in 
Ю neurotoxic inse 


mixed with 
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ides or those receiving 

*entimaiaria! Augs Succinylcholine should be 

Zaeministered with extreme care to such patients 

dosage should be minimal. If low plasma 

eslerdse activity is suspected. a small 

90550 of from 5 to 10 mg of succinylcholine 
be administered, o: relaxation may be 
















solution of the drug by intravenous drip 
Eden either inhibit plasma cholinesterase. 


BE iovenous procaine should not be 
concurrently with succinylcholine 


Succinylcholine should be administered with 
great caution to patients with severe burns 
those recovering from severe trauma, those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have been digi 
talized recently or who may have digitalis tox 
icity as serious cardiac amhythmias or cardiac 
arrest may result. Great caution should be 
observed alsc in patients with pre-existing 
hyperkalemia or who are paraplegic. have 
suffered spincl neuraxis injury. or have degen- 
erative or dystrophic neuromuscular disease 
as such patients tend іо become severely 

hyperkalemic when succinyicholine is given 

When succinylcholine is given over a pro 
longed period of time, the characteristic 
depolarization block of the myoneural junction 
may change to a non-depolarizing block 
which results in prolonged respiratory denres 
sion or apnec. Under such circumstances, small 
repeated doses of neostigmine may possibly 
act as an antagonist. ^ peripheral nerve stimu 
lator (e.g. the Wellcome Peripheral Nerve Stimu 
lator) may be used to ascertain the type of 
neuromuscular blockade. If a depolarization 
block is present E fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus 
tained, and post-tetanic facilitation is absent 
If a non-depo 1g block is present there 
post-tetani cilitation and "fade" of s 
sive stimuli on both fast (tetanic) and slow 
(twitch) rates of nerve stimulation 

{ nylcholine EE be used with ca 
witt 
yed with 
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glaucoma. [he S iUd sh ould be emp 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculations and 
hyperkalemia may be reduced by adminis 
tering a small dose of a non-depolarizing relax 
ant. If ofher relaxants are to be used during the 
same procedure, the possibility of a synergistic 
or antagonistic effect should be con: sidered 
During the years, repc 
attention to a fulminan t syndror 9 
hyperthermia, observed during anesthesia. Its 
etiology is nct fully understood. Malignant hyper 
thermia occurs in genetically prone individuals 
of all ages спа both sexes receiving potent 
anesthetics such as halothane, methoxyfluo 
thane clopropane and diethyl ether It 
appears to develop irespective of the con 
comitant use of a muscle relaxant, but may be 
triggered by succinyicholine. Because of the 
seriousness of this syndrome and the need for 
early effective treatment of the patient. it is sug 
gested that the continuous monitorin 9 of the 
temperature will serve as an aid to the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sis! primarily of an extension of the drug's phar 
macological actions. Profound and prolonged 
muscle relaxati оптоуса сиг resulting in respira 
lory depression to the point of apnea. Hyper 
sensitivity to the нА may exist in rare instances 

The following adverse reactions have been 
reported: brady a, tachycardia, hyper 
tension, hypo sion. arrhythmias. cardiac 
arrest. prolonged respiratory depression or 
apnea, hyperthermia. increased intraocular 
pressure, muscle fasciculation, postoperative 
muscle pain thyogiabitemia and excessive 
Solivation 


MANAGEMENT OF ADVERSE REACTIONS 
Apnea or prolonged muscie paralysis should 
be treated with controlled respiration 

The use of neostigmine to reverse a non 
depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinical pharmacology and the ex 
penence and judgment of the clinician. When 
neostigmine is used atropine should also be 
administered 


SUPPLIED: In; 




















































ection, Multi-dose vials, 20 mg cc 
of 12 vials. Fio-Pack®Sterile - 

О mg and 1.000 mg, boxes of 12 
Complete literature available on request 
from Professional Services Dept. PML 


* |) 


Wellcome / 





Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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212-978-6900 516-546-5511 


800-645-2059 |.A.R.S. EDUCATIONAL MEMBERSHIP 


FOR ALL STUDENTS IN 


ANESTHESIA TRAINING PROGRAMS 


MEDICAL MANAGEMENT CO. 


A National Organization — Established 1946 Two-year, one-half price membership, in- 


cluding subscription to ANESTHESIA and 
COLLECTIONS * DATA PROCESSING ANALGESIA . . . Current Researches. 


e MANAGEMENT e 
Application forms available from Cleveland 
All Third Party Claims Processed business office. Certification by Program 
Director required. 


Home Office 


76 Pine Street Freeport, N.Y. 11520 


This valve makes no 
difference-except 
to the atmosphere 


Whatever your anaesthesia equipment, so long 
as it has a BS or ISO standard breathing 
circuit, there’s a place for the new 
anti-pollution valve —the first element 
in Medishield's complete theatre 
pollution control system. 

It uses the same well-proven spring 
and disc principle as your existing 
valve (but offers less resistance); 
it introduces no new controls; 
demands nothing new of the anaesthetist; 
changes nothing except the theatre conditions 

The swivel-head nozzle permits convenient 
positioning and with the two metre flexible hose 
attached conducts anaesthetic pollutants to floor level. 
Using the new Medishield pollution control system 
currently being developed it will be possible to extend 
the valve for remote venting to atmosphere. 


Please send me details of the anti-pollution valve/ 
pollution control system: 


ishi Мате es 
" . BOC Medishield | Harlow) Ltd - 
Medishield Elizabeth Way Position i 


Harlow, Essex 


РРР СМ19 5AB Hospital. 
Telephone: Harlow (0279) 29692 


Telex: 81497 Oh s а ЕЕ 


In USA: Harris Lake Inc In Canada: Medishield Products Ltd 
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ANESTHESIA and ANALGESIA . . . Current Researches 


Selected cases for 


(R) 


Ketalar (ketamine 


HCl injection) 


(and a caution) 


There are certain situations where 
the advantages of Ketalar suggest 
its serious consideration. 


Four such hypothetical situations are 
detailedhere. A fifth hypothetical case 
illustrates a situation in which Ketalar 


probably should be used only 
with caution. 





Geriatric surgical 
procedure 


Ketalar offers advantages in minor 
rectal surgery on elderly patients. 
When properly administered, Ketalar 
usually does not depress the 
patients blood pressure or pulse 
rate, which can be a distinct 
advantage with any patient who is 
likely to develop hypotension. 
Further, emergence reactions 
normally are not a problem with 
patients in the older age group 
(over 65). 





Severely burned 
patients 

Patients with severe burns —and 
particularly children —are often 
excellent cases for Ketalar. In 
children, Ketalar offers rapid surgical 
anesthesia (generally within three to 
four minutes) at a range of 9 to 

13 mg/kg, with the effect lasting from 
12to 25 minutes (the time intervals 
are for IM, not IV). Intramuscular 
administration avoids the possible 
difficulty in locating the vein in burn 
patients (particularly helpful in 
children where the veins are small). 
IM administration is also convenient 
and effective for repeated short-term 
anesthesia for such procedures as 
changing burn dressings, and skin 
grafts. 
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Manipulative 
diagnostic procedure 


Ketalar facilitates diagnostic 
procedures in which the patient must 
be moved freely, and in which the 
maintenance of unaided respiration 
is essential. The pneumoencephalo- 
gram is an example. Once anesthesia 
is established, the patient can be 
transferréd from a supine to an 
upright, supported position with 
ease since Ketalar maintains 
adequate unaided respiration, and 
there is minimal relaxation of the 
skeletal muscles. 


(9) 





Emergency room 
treatment 

^ good case for Ketalar can be made 
for use in accident victims with 
unknown medical histories brought 
to the emergency room. In the 
absence of positive medical history, 
Ketalar can be a useful agent 
because of its wide margin of safety. 
Consideration should be given tc 
the effects of a significant increase 
in blood pressure, hypersensitivity 
to the drug, and an elevation in 
cerebrospinal fluid pressure. Ketalar 
also provides the benefit of rapid 
onset, and decreases the chance of 
aspiration because of active laryn- 
geal-pharyngeal reflexes. 


A caution: 

Caution should be exercised when 
administering Ketalar to patients 
who are known to be alcoholics or 
who are acutely alcohol-intoxicated 
as such patients may be prone to 
untoward reactions. 


Please see following page for brief summary 
of prescribing information 


advancement in Ketalar 


anesthesiology |e[x| (Ketamine HCI injection) 


Parke-Davis 


advancement in ХО Ketalar 


anesthesiology fe |X| (Ketamine HCI injection! 





Brief summary of prescribing information. 


SPECIAL NOTE 


EMERGENCE REACTIONS HAVE OCCURRED 
IN APPROXIMATELY 1296 OF PATIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS 
VARY IN SEVERITY BETWEEN PLEASANT, 
DREAMLIKE STATES, VIVID IMAGERY, 
HALLUCINATIONS, AND EMERGENCE 
DELIRIUM. IN SOME CASES, THESE STATES 
HAVE BEEN ACCOMPANIED BY CONFU- 
SION, EXCITEMENT, AND IRRATIONAL 
BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. 
THE DURATION ORDINARILY LASTS NO 
MORE THAN A FEW HOURS; IN A FEW 
CASES, HOWEVER, RECURRENCES HAVE 
TAKEN PLACE UP TO 24 HOURS POST- 
OPERATIVELY. NO RESIDUAL PSYCHO- 
LOGICAL EFFECTS ARE KNOWN TO HAVE 
RESULTED FROM USE OF KETALAR. 


THE INCIDENCE OF THESE EMERGENCE 
PHENOMENA IS LEAST IN THE YOUNG (15 
YEARS OF AGE OR LESS) AND ELDERLY 
(OVER 65 YEARS OF AGE) PATIENT. ALSO, 
THEY ARE LESS FREQUENT WHEN THE 
DRUG IS GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF 
VERBAL, TACTILE, AND VISUAL STIMULA- 
TION OF THE PATIENT IS MINIMIZED DUR- 
ING THE RECOVERY PERIOD. THIS DOES 
NOT PRECLUDE THE MONITORING OF 
VITAL SIGNS. IN ADDITION, THE USE OF A 
SMALL HYPNOTIC DOSE OF A SHORT- 
ACTING OR ULTRASHORT-ACTING BAR- 
BITURATE MAY BE REQUIRED TO TERMI- 
NATE A SEVERE EMERGENCE REACTION. 
THE INCIDENCE OF EMERGENCE REAC- 
TIONS IS REDUCED AS EXPERIENCE WITH 
THE DRUG IS GAINED. 


WHEN KETALAR IS USED ON AN OUT- 
PATIENT BASIS, THE PATIENT SHOULD 
NOT BE RELEASED UNTIL RECOVERY 
FROM ANESTHESIA IS COMPLETE AND 
THEN SHOULD BE ACCOMPANIED BY A 
RESPONSIBLE ADULT. 


INDICATIONS 


Ketalar (ketamine HCI injection) is 
recommended: 


1. as the sole anesthetic agent for diagnostic 
and surgical procedures that do not require 
skeletal muscle relaxation. Ketalar is best 
suited for short procedures but it can be 
used, with additional doses, for longer 
procedures; 


2. for the induction of anesthesia prior to 
the administration of other general 
anesthetic agents; 


3. to supplement low-potency agents, such 
as nitrous oxide. 


CONTRAINDICATIONS 

Ketamine hydrochloride is contraindicated 
in those in whom a significant elevation of 
blood pressure would constitute a serious 
hazard and those who have shown hyper- 
sensitivity to the drug. 


WARNINGS 


1. Ketalar should be used by or under the 
direction of physicians experienced in ad- 
ministering general anesthetics and in main- 
tenance of an airway and in the control of 
respiration. 

2. Cardiac function should be continually 
monitored during the procedure in patients 
found to have hypertension or cardiac 
decompensation. 


3. Barbiturates and Ketalar, being chemically 
incompatible because of precipitate forma- 
tion, should not be injected from the same 
syringe. 

4. Prolonged recovery time may occur if 
barbiturates and/or narcotics are used 
concurrently with Ketalar. 

5. Postoperative confusional states may 
occur during the recovery period. 

6. Respiratory depression may occur with 
overdosage or too rapid a rate of administra- 
tion of Ketalar, in which case supportive 
ventilation should be employed. Mechanical 


support of respiration is preferred to 
administration of analeptics. 


Usage in Pregnancy 

Since the safe use in pregnancy, including 
Obstetrics (either vaginal or abdominal 
delivery), has not been established, such 
use is not recommended. 


PRECAUTIONS 


1. Because pharyngeal and laryngeal reflexes 
are usually active. Ketalar (ketamine HCI 
injection) should not be used alone in surgery 
or diagnostic procedures of the pharynx, lar- 
ynx, or bronchial tree. Mechanical stimulation 
of the pharynx should be avoided, whenever 
possible, if Ketalar is used alone. Muscle 
relaxants, with proper attention to respiration, 
may be required in both of these instances. 

2. Resuscitative equipment should be ready 
for use. 


3. The incidence of emergence reactions 
may be reduced if verbal and tactile stimula- 
tion of the patient is minimized during the 
recovery period. This does not preclude the 
monitoring of vital signs (see Special Note). 


4. The intravenous dose should be adminis- 
tered over a period of 60 seconds. More rapid 
administration may result in respiratory de- 
pression or apnea and enhanced pressor 
response. 


5. In surgical procedures involving visceral 
pain pathways, Ketalar should be supple- 
mented with an agent which obtunds 
visceral pain. 


6. Use with caution in the chronic alcoholic 
and the acutely alcohol-intoxicated patient. 


7. An increase in cerebrospinal fluid pressure 
has been reported following administration 
of ketamine hydrochloride. Use with extreme 
caution in patients with preanesthetic 
elevated cerebrospinal fluid pressure. 


ADVERSE REACTIONS 


Cardiovascular: Blood pressure and pulse 
rate are frequently elevated following admin- 
istration of Ketalar. However, hypotension 
and bradycardia have been observed. 
Arrhythmia has also occurred. 


Respiration: Although respiration is fre- 
quently stimulated, severe depression of 
respiration or apnea may occur following 
rapid intravenous administration of high 
doses of Ketalar (ketamine HCI injection). 
Laryngospasms and other forms of airway 
obstruction have occurred during Ketalar 
anesthesia. 


Eye: Diplopia and nystagmus have been 
noted following Ketalar administration. It 
also may cause a slight elevation in intra- 
ocular pressure measurement. 


Psychological: (See Special Note). 


Neurological. In some patients, enhanced 
skeletal muscle tone may be manifested by 
tonic and clonic movements sometimes 
resembling seizures (see Dosage and 
Administration). 

Gastrointestinal: Anorexia, nausea and 
vomiting have been observed; however this 
is not usually severe and allows the great 
majority of patients to take liquids by mouth 
shortly after regaining consciousness 

(see Dosage and Administration). 

General: Local pain and exanthema at the 
injection site have infrequently been re- 
ported. Transient erythema and/ or morbilli- 
form rash have also been reported. 
DOSAGE AND ADMINISTRATION 
Preoperative Preparations: 

1. While vomiting has been reported following 
Ketalar administration, airway protection is 
usually afforded because of active laryngeal- 
pharyngeal reflexes. However, since these 
reflexes may also be diminished by supple- 
mentary anesthetics or muscle relaxants, the 
possibility of aspiration must be considered. 
Ketalar is recommended for use in the 
patient whose stomach is not empty when, in 
the judgment of the practitioner, the benefits 
of the drug outweigh the possible risks. 

2. Atropine, scopolamine, or other drying 


agent should be given at an appropriate 
interval prior to induction. 


Dosage 


As with other general anesthetic agents, the 
individual response to Ketalar (ketamine HCI 
injection) is somewhat varied depending on 
the dose, route of administration, and age of 
patient, so that dosage recommendation 
cannot be absolutely fixed. The drug should 
be titrated against the patient's requirements. 


Onset and Duration: 


Because of rapid induction following the 
initial intravenous injection, the patient 
should be in a supported position during 
administration. 


The onset of action of Ketalar (ketamine HCI 
injection) is rapid; an intravenous dose of 2 
mg/kg (1 mg/Ib) of body weight usually 
produces surgical anesthesia within 30 
seconds after injection, with the anesthetic 
effect usually lasting five to ten minutes. If a 
longer effect is desired, additional increments 
can be administered intravenously or 
intramuscularly to maintain anesthesia with- 
out producing significant cumulative effects. 


Intramuscular doses, from experience pri- 
marily in children, in a range of 9 to 13 mg/ kg 
(4 to 6 mg/Ib) usually produce surgical 
anesthesia within three to four minutes 
following injection, with the anesthetic effect 
usually lasting 12 to 25 minutes. 


Induction: 


Intravenous Route: The initial dose of Ketalar 
administered intravenously may range from 
1 mg/kg to 4.5 mg/ kg (0.5 to 2 mg/Ib). The 
average amount required to produce five to 
ten minutes of surgical anesthesia has been 
2 mg/kg (1 mg/ Ib). 

NOTE: The 100 mg/ml concentration 

(S-V 1585) of Ketalar, should not be injected 
intravenously without proper dilution. It is 
recommended the drug be diluted with an 
equal volume of either Sterile Water for 
Injection, USP, Normal Saline, or 5% 
Dextrose in Water. 


Rate of Administration: It is recommended 
that Ketalar be administered slowly (over a 
period of 60 seconds). More rapid adminis- 
tration may result in respiratory depression 
and enhanced pressor response. 
Intramuscular Route: The initial dose of 
Ketalar administered intramuscularly may 
range from 6.5 to 13 mg/kg (3 to 6 mg/ Ib). 
A dose of 10 mg/kg (5 mg/Ib) will usually 
produce 12 to 25 minutes of surgical 
anesthesia 


Maintenance of Anesthesia: 

Increments of one half {о the full induction 
dose may be repeated as needed for mainte- 
nance of anesthesia. However, it should be 
noted that purposeless and tonic-clonic 
movements of extremities may occur during 
the course of anesthesia. These movements 
do not imply a light plane and are not indica- 
tive of the need for additional doses of the 
anesthetic. 

It should be recognized that the larger the 
total dose of Ketalar (ketamine HCI injection) 
administered, the longer will be the time to 
complete recovery 

Supplementary Agents: 

Ketalar is clinically compatible with the 
commonly used general and local anesthetic 
agents when an adequate respiratory 
exchange is maintained. 

HOW SUPPLIED 

Ketalar is supplied as the hydrochloride in 
concentrations equivalent to ketamine base. 
N 0071-4581-15—Each 50-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4581-12—Each 20-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4582-10—Each 10-ml vial contains 
50 mg/ml. Supplied in cartons of 10. 

N 0071-4585-08—Each 5-ml vial contains 

100 mg/ml. Supplied in cartons of 10. 
PD-JA-1839-1-P (4-76) 5С 
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— — — The Anesthesiologist: 


You need to know it all... 
and now! 


Anesthesia cuts across the entire medical 
spectrum. And the very latest information 
is in the journals. But when can you find 
the time to read them? And even more 
important, to have the information at hand 
when you need її. 













Practical Reviews can help! 
Each month a group of outstanding 
anesthesiologists (plus distinguished guest 
commentators) picks the best of current 
information from the journals, boils it down 

to 3-4 minute segments and sends it to you 

on cassette tapes. Thus each month you get 
20-25 digests of the newest and best in 
Anesthesiology. You can listen in any free 

time available, even in your car! 





Information in seconds! 
Best of all, each article is summarized on 
subject-indexed reference cards. Practical 
Reviews unique tab-filing system (also 
provided) makes instant retrieval possible. 
You build a library of vital information that 
is constantly being up-dated...automatically! 





"This continuing medical education activity 
meets the criteria for hour-for-hour credit 
in Category I for the Physician's Recognition 
Award of the AMA." 
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To: EDUCATIONAL REVIEWS, INC. 
Box 582, Leeds, Ai. 35094 


Gentlemen: 

Please start my-subscription, including monthly cassette tapes, cross-reference 
summary cards, related printed material, color-tabbed index system and hand- 
some vinyl tape-album to PRACTICAL REVIEWS IN ANESTHESIOLOGY. 


John Steinhaus, M.D. 
Chairman, Department of Anesthesiology. 
Emory University 
M. T. Jenkins, M.D. 
Chief of Anesthesia, Parkland Memorial Hospital 
Joachim Gravenstein, M.D. 








Chairman of Anesthesiology, NAME _ =: USPECALY 
Case-Western Reserve School of Medicine 
Robert M. Smith, M.D. ADDRESS — 


CITY, STATE, ZIP - = = 
O Enclosed is my check for $110 for a 12 month subscription. 


Children's Hospital of Boston 





Joseph R. Artusio, Jr., M.D. 
Chairman, Anesthesia, Cornell School of Medicine 
Anesthetist-in-Chief, New York Hospital 
Coordinated by: Perry P. Volpitto, M.D. 
Medical College of Georgia 


Г] Send me more information. 


| 
Director of Anesthesiology | 
| 
| Alabama residents please add tax. Foreign subscribers add 1095 
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ISposa E Anesthesia Ventilator, 


fluidically controlled for 
less maintenance 
Precise and reliable 
With a built-in gas 
evacuator. Ohio can 
also customize a gas 
evacuation interface to 


OHIO Critical Care 
Ventilator with 
intermittent mandatory 
ventilation ‘engineered 
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О; Monitor j^ 
with visual and: 


VORTEX“ Respiration Monitor 
measures tidal volumes 
continuously, totalizes to obtain 
minute volume 


Disposable Endotracheal Tubes, 
new, uncuffed or with 
anatomically designed cuffs for 
gentle seal. Unique inflation and 
pilot balloon assembly 





Disposable Anesthesia 
Breathing Circuit with 
conductive, cushioned masks in 
three sizes. Our bacteria filter- 
pathogen trap fits most 
anesthesia circuits 


One system designed to suit all can't really satisfy 
everyone. Because somewhere along the line you have 
to compromise. Each of you has your own ideas about 
how best to provide excellence in patient care in your 
own operating theater. And each OR has its unique 
needs. 

Most new systems begin with one of the four OHIO" 
anesthesia machines. Rugged. Practical. Versatile. 
Functional. Delivering your preference in anesthetic 
agents with accuracy and safety. 

Then, your system grows to support your skills and 
techniques, as you add accessories and options from 
Ohio: Vaporizers, ventilators and absorbers, monitors, 
disposables, medical gases, and gas evacuation 
systems. And we always have more on the way. 


— ° E OHIO NICC-OR, new, 
- unique, OR table for 
MM infants. An intensive 
care center with easy 
patient access, 
unobstructed view, 





You can depend on over 100 factory-trained Ohio 
servicemen and six service centers in the U.S. and 
Canada to keep your anesthesia equipment performing. 
Plus a knowledgeable sales staff. 

Send for information. Or send for your salesman. 
Ohio will help you develop a reliable, sophisticated 
anesthesia system. One you can build on when future 
technologies:develop. So, you'll never have to 
compromise in caring for your patients. 


ORIO Medical Products Anco" 


3030 Airco Drive, P.O. Box 7550, Dept. 305 
Madison, Wisconsin 53707 
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valve and the facility to 
administer enriched oxygen 
concentrations 


OHIO Calibrated Vaporizer, new, 
easy-to-use, temperature and 
flow compensated with excellent 
low-flow performance. 





New Trace Gas Analyzer detects 
and measures the concentration 
of nitrous oxide in the operating 
room atmosphere; alerting OR 
personnel to leak sources. 
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SUBLIMAZE’ (fentanyl) Within 5 minutes LV., Within 30 to 60 minutes I.V., 
has a uniquely short duration SUBLIMAZE" (fentanyl) reaches the analgesic effect of 

of analgesic action — for more its peak analgesic effect. SUBLIMAZE'" (fentanyl) is 
precise control and minimal risk almost completely dissipated. * 
of prolonged narcotic effects. 


* Respiratory depressant effects may last longer than the analgesia and are increased and prolonged with larger 
doses, multiple doses or use of postoperative nareotic analgesics. 


` 





For potent . 
narcotic analgesic 
action with rapid onset 


and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 


SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR" 
injection® has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 


SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection" 


*INNOVAR injection is composed of a 50:1 mixture of 
droperidol 2.5 mg./cc. and fentanyl 0.05 mg./cc., with 
: 


lactic acid for adjustment of pH to 3.5 = 0.3 


INNOVAR" injection and 

SUBLIMAZE" (fentanyl) injection are available 
for use only upon direction of a physician 

For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions for 


SUBLIMAZE fentanyl, please turn page. 
© McNeil Laboratories, Inc.. 1974 


SUBLIMAZE (fentanyl) offers: 


C Almost immediate analgesia — peak effect 
within 5 minutes I.V., 8 minutes I.M. 


О Short duration of analgesic action — 30 to 
60 minutes with a single I. V. dose of up to 

0.1 mg. (Respiratory depressant effects may las 
longer than the analgesia and are increased an 
prolenged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 

О No evidence of liver, heart, or kidney tox- 
icity— expecially valuable in poor-risk patients 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor 
risk patients. 

О Immediate reversibility by narcotic 
antagonists. 

Г] Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

CI Minimal emetic effect — has been used 
successfully to prepare nonfasting patients 

for awake intubation. 

[O Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE € 


(fentanyl) injection 
OE aes aside cité: 


Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0— 7.5 


SUBLIMAZE € 
fentanyl) injection 


Description 

Each cc. contains: 
Fentanyl as the citrate. ... : 
Warning — Мау be habit forming 
Sodium hydroxide for adjustment of pH to 4.0-7.5 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic with ac- 
tions qualitatively similar to those of morphine and meperidine. 
SUBLIMAZE fentanyl in a dose of O.1 mg.(2.0cc.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of 
meperidine. The principal actions of therapeutic value are analge- 
sia and sedation. Alterations in respiratory rate and alveolar 
ventilation, associated with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater. Large doses 
may produce apnea. SUBLIMAZE fentany! appears to have less 
emetic activity than other narcotic analgesics. Histamine assays 
and skin wheal testing in man, as well as in vivo testing in dogs, 
аа that histamine release rarely occurs with SUBLIMAZE 

entanyl. 

SUBLIMAZE fentanyl may cause muscle rigidity, particularly 
involving the muscles of respiration. It may also produce other 
signs and symptoms characteristic of narcotic analgesics includ- 
ing euphoria, miosis, bradycardia, and bronchoconstriction. 

The onset of action of SUBLIMAZE fentanyl is almost imme- 
diate when the drug is given intravenously; however, maximal 
analgesic and respiratory depressant effect may not be noted for 
several minutes. The average duration of action of the analgesic 
effect is 30 to 60 minutes. Following intramuscular administration, 
the onset of action is from seven to eight minutes, and the duration 
of action is from one to two hours. 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect. 

Indications SUBLIMAZE fentanyl is indicated: 

—for analgesic action of short duration during the anesthetic 
periods, premedication, induction, and maintenance. and in the 
immediate postoperative period (recovery room) as the need 
arises. 

—for use asa narcotic analgesic supplement in genera! or regional 
anesthesia. 

—for administration with a neuroleptic such as INAPSINE* (dro- 
peridol) injection as an anesthetic premedication.for the induction 
of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

Contraindications SUBLIMAZE fentanyl is contraindicated in 
patients who are hypersensitive to the drug 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE. 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC 
cA iue d SHOULD BE READILY AVAILABLE TO MANAGE 

A. 

If SUBLIMAZE fentanyl is administered with a tranquilizer 
such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and other countermeasures to manage hypotension 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE fentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner before ordering 
narcotic analgesics during recovery from anesthesia. !t is recom- 
mended that narcotics, when required, should be used in reduced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patient's con- 
dition may be required to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyl. 

Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused. 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received MAO inhibi- 
tors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients who may be 
particularly susceptible to respiratory depression, such as coma- 
tose patients who may have a head injury or brain tumor. In 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of SUBLIMAZE fentany! in children 
younger than two years of age has not been established 


Usage in Pregnancy: The safe use of SUBLIMAZE fentanyl has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, in the judgment of the physician, 
the potential benefits outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects; 
theretore, safety for the infant in obstetrics has not been estab- 
lished. 

Precautions The initial dose of SUBLIMAZE fentanyl should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. 


0.05 mg 


Certain forms of conduction anesthesia, such as spinal anes- 
thesia and some peridural anesthetics, can alter respiration by 
blocking intercostal nerves. Through other mechanisms (see Ac- 
tions) SUBLIMAZE fentanyl can also alter respiration. When 
SUBLIMAZE fentanyl is used to supplement these forms of anes- 
thesia, the anesthetist should be familiar with the physiological 
alterations involved, and be prepared to manage them in the 
patients selected for these forms of anesthesia. When used with a 
tranquilizer such as INAPSINE droperidol, blood pressure may be 
altered and hypotension can occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patients 
with chronic obstructive pulmonary disease, patients with de- 
creased respiratory reserve, and others with potentially compro- 
mised respiration. In such patients, narcotics may additionally 
decrease respiratory drive and increase airway resistance. During 
anesthesia, this can be managed by assisted or controlled respira- 
tion. Postoperatively, respiratory depression caused by narcotic 
analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine, and naloxone; consult individual prescribing informa- 
tion before using). Should respiration be compromised by muscle 
rigidity, assisted or controlled respiration and possibly a neuro- 
muscular blocking agent will be required. The occurrence of 
muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

When a tranquilizer such asINAPSINE droperidol is used with 
SUBLIMAZE fentanyl, pulmonary arterial pressure may be de- 
creased. This fact should be considered by those who conduct 
diagnostic and surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) will have additive or potentiat- 
ing effects with SUBLIMAZE fentanyl. When patients have re- 
ceived such drugs, the dose of SUBLIMAZE fentanyl required will 
be less than usual. Likewise, following administration of 
SUBLIMAZE fentanyl the dose of other CNS depressant drugs 
should be reduced 

SUBLIMAZE fentanyl should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE fentanyl may produce bradycardia, which may 
be treated with atropine; however, SUBLIMAZE fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE fentanyl is used with a tranquilizer such as 
INAPSINE droperidol, hypotension can occur. If this occurs the 
possibility of hypovolemia should also be considered and man- 
aged with appropriate parenteral fluid therapy. Repositioning the 
patient to improve venous return to the heart should be con- 
sidered when operative conditions permit. Care should be exer- 
cised in moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with 
fluids plusother countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be 
considered. Because of the alpha-adrenergic blocking action of 
INAPSINE droperidol, epinephrine may paradoxically decrease 
the blood pressure in patients treated with INAPSINE droperidol. 
Adverse Reactions As with other narcotic analgesics, the most 
common serious adverse reactions reported to occur with 
SUBLIMAZE fentanyl are respiratory depression, apnea, muscu- 
lar rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hypo- 
tension, dizziness, blurred vision, nausea, emesis, laryngospasm, 
and diaphoresis. 

When a tranquilizer such asINAPSINE droperidol is used with 
SUBLIMAZE fentanyl, the following adverse reactions can occur: 
chills and/or shivering, restlessness, and postoperative hallucina- 
tory episodes (sometimes associated with transient periods of 
mental depression); extrapyramidal symptoms (dystonia, akathi- 
sia, and oculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur, extrapyramidal symptoms can 
usually be controlled with antiparkinson agents. Postoperative 
drowsiness is also frequently reported following the use of 
INAPSINE droperidol. 

Overdosage Manifestations: The manifestations of SUBLIMAZE 
fentanyl overdosage are an extension of its pharmacologic actions 

Treatment: In the presence of hypoventilation or apnea, oxygen 
should be administered and respiration should be assisted or 
controlled as indicated. A patent airway must be maintained; an 
oropharyngeal airway or endotracheal tube might be indicated. If 
depressed respiration is associated with muscular rigidity, an 
intravenous neuromuscular blocking agent might be required to 
facilitate assisted or controlled respiration. The patient should be 
carefully observed for 24 hours; body warmth and adequate fluid 
intake should be maintained. If hypotension occurs and is severe 
or persists, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. A specific 
narcotic antagonist such as nalorphine, levallorphan, or naloxone 
should be available for use as indicated to manage respiratory 
depression. This does not preclude the use of more immediate 
countermeasures. Consult the package insert for the individual 
narcotic antagonists for details about use. 

How Supplied SUBLIMAZE* (fentanyl) injection is supplied in 2 
cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuls, in 
packages of 12 

IMPORTANT: Complete dosage information is available in insert 
which accompanies each package (or on request). The drug is avail- 
able only upon direction of a physician. 

U.S. Patent No. 3,164,600 9/74 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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Carter M. Ballinger, MD, has been appointed chairman of the Department of 
Anaesthesiology at the New Jersey Medical Schoo! of the College of Medicine and 
Dentistry of New Jersey. Dr. Ballinger was formerly associated with the Univer- 
ul of Utah, holding the rank of associate professor and chairman of anesthesi- 
ology. 


The Department of Anesthesiology, Naval Eegional Medical Center, Ports- 
mouth, Virginia, in cooperation with the Virginia Society of Anesthesiologists, is 
sponsoring the Seventh Annual Anesthesiology Symposium September 9-11, 1976. 
This will be a refresher course directed towards -he continuing education of anes- 
thesiologists and anesthetists. The symposium wall be held in the Holiday Inn 
Scope, Norfolk, Virginia. 


The autumn meeting of the Obstetric Anaestaetists Association will be held 
Friday, September 24, 1976, at the Withington Hospital, University of South Man- 
chester. Hostess: Dr. Valerie Hey. 


The 1977 spring meeting will be held Friday, Avril 22, 1977, at the University 
of Newcastle. Hosts: Drs. J. Storrs and and M. Bryson. Papers for this meeting 
should be sent not later than January 1, 1977, to Dr. B. A. Waldron, City Hospital, 
Hucknall Road, Nottingham, NGS 1PB. 
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Regional Anesthesia, sponsored by the Anesthesiology Educational Foundation 
will be held October 15, 16 and 17, 1976, at the Holiday Inn, Monterey, California. 
For further information, write to: Ronald L. Katz, MD, Department of Anesthe- 
siology, UCLA Center for Health Sciences, Los Angeles, California 90024. 


* Ж * 


Anesthesia and Surgery of Ischemic Heart Disease will be presented by the 
Department of Anesthesiology and the Office of Continuing Education, Baylor 
College of Medicine, November 17, 18 and 19, 1976, at the Shamrock Hilton Hotel, 
Houston, Texas. This Continuing Medical Education offering meets the criteria 
for 12 hours of credit in Category 1 for the Physician’s Recognition Award of the 
American Medical Association. 


The Czechoslovak Society of Anaesthesiology and Resuscitation, commissioned 
by the Czechoslovak Medical Society, J. E. Prukyne, will hold their second Con- 
gress of Anaesthesiologists and eighth International Symposium May 25-27, 1977, 
in Bratislava. For more information write to: J. Malatinsky, MD, Secretary 
General of the Congress, Congress Office, Slovak Medical Society, Mickiewiczova 
18, 883 22 Bratislava, CCSR. 


The Second Malaysian Congress of Anaesthesiologists will be held in Kuala 
Lumpur, Malaysia, at the General Hospital, October 21-23, 1977. This congress is 
organized by the Malaysian Society of Anaesthesiologists. Further information 
can be obtained from: Hon. Organizing Secretary, Second Malaysian Congress of 
b ee haa P.O. Box S-20, Sentul, 124 Jalan Pahang, Kuala Lumpur 02-14, 

alaysia. 


The Johns Hopkins Medical Institutions is sponsoring a two-day symposium 
on “Critical Care Monitoring," October 22-23, 1976. This symposium is designed 
to cover all facets of advanced management of the critically ill patient. Basic pro- 
gram components will include the continuous EEG, management of arrhythmias, 
basic instrumentation; advanced invasive hemodynamic monitoring, cardiac out- 
put, and the management of patients with specific problems. 


The course is approved for 16 credit hours (Category I) towards the Physi- 
cian's Recognition Award of the American Medical Association. 


For further information contact: Janet B. Hardy, M.D., Office of Continuing 
Education, Room 17, Turner Auditorium, Baltimore, Maryland 21205. 
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Anaesthesia Annual Fall Scientific Meeting Seetion on Anaesthesia, Ontario 
Medical Association, Ontario Division, Canadian Anaesthetists’ Society Meeting 
will be held in London, Ontario, at the Holiday Inn City Centre, September 23-25, 
ш Mesi Coordinator is Dr. G. R. Sellery, Victoria Hospital, London, Ontario, 

anada. SIN 


Dr. Leonard C. Jenkins, Vancouver, British Columbia, Canada ; Dr. John J. Sava- 
rese, Boston, Massachusetts; and Dr. N. Ty Smith, San Diego, California, have 
been appointed Contributing Editors of Anesthesia and Analgesia . . . Current 
Researches. 


The First Annual Caribbean Symposium in Anesthesiology and Related Fields 
will be held in San Juan, Puerto Rico, from December 12-15, 1976. Held under 
the auspices of the Department of Anesthesiology, Teacher's Hospital, San Juan, 
and the Puerto Rican Society of Anesthesiologists, the first Symposium will be 
devoted to the topic of Pulmonary Aspiration and the First Caribbean Lecture in 
Anesthesiology will be given by Professor Jerome H Modell on “Near Drowning.” 


For further information contact: Miguel Colen-Morales, M.D., G.P.O. Box 
4547, San Juan, Puerto Rico 00936. 


An opportunity for anesthesiologists and obstetricans/gynecologists to learn or 
review principles and practices of anesthesia and analgesia for obstetries and 
gynecology is being offered in the Department of Anesthesiology at the Valley 
Medical Center in Fresno, California, under the direction of John S. McDonald, 
M.D., Chairman of the Department. Four and eight week rotations would include 
general and regional anesthesia and didactic training їп the pharmacology of drugs. 


Applicants should be trained in the United States and must possess State or 
National Board Licensure. In some instances, foreign graduates who have passed 
the FLEX examination or the equivalent thereof wil be considered. More infor- 

. fation may be obtained by writing to John S. McDonald, M.D., P.O. Box 7632, 
7 Fresno, California 93727, (209) 251-4833, ext. 2228. 








In 16 years of use in the United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4.000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

In a continuing program of informa- 
tienal services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 
educational value—all available through 


FLUOTHANE ‹нл:отнаме) 
OVER 100 MILLION 
ADMINISTRATIONS 


e nonflammable, nonexplosive 

e permits use of high concentrations of 
oxygen 
e allows free use of cautery for more 
adequate control of bleeding 

e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 

e early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 

e permits rapid adjustment of depth of 
anesthesia 

e emergence is rapid and tranquil with 
quick recovery of protective reflexes 

e minimal nausea and vomiting, shorter 
reccvery room stay 











st | See last page of advertisement 
*| for prescribing information. 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 


(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 

N Pd 
F—c—c——Cl 

x \ 

F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° С.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/gas coefficient is 2.5at 37° C., and 
the olive oil/ water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/ v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
FLUOTHANE is soluble in rubber, some 
plastics, and similar materials; such ma- 
terials will deteriorate rapidly in contact 
with FLUOTHANE vapor or liquid. Stabil- 
ity of FLUOTHANE is maintained by the 
addition of 0.01 per cent thymol (w/w), 
and storage is in amber colored bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizing bottles not specifically 
designed for its use. It is recommended 
that vaporizers be emptied at the end of 
each operating day. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid orto wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
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rapidly altered. FLUOTHANE progres- 
sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE should 
be avoided when a previous exposure was 
followed by fever and jaundice, or when 
there was an unexplained postoperative 
fever. 

FLUOTHANE is not recommended for 

obstetrical anesthesia except when uter- 
ine relaxation is required. 
Warnings. FLUOTHANE should be used in 
vaporizers that permit a reasonable ap- 
proximation of output, and preferably of 
the calibrated type. The vaporizer should 
be placed out of circuit in closed circuit 
rebreathing systems; otherwise overdos- 
age is difficult to avoid. The patient 
should be closely observed for signs of 
overdosage, i.e., depression of blood pres- 
sure, pulse rate, and ventilation, particu- 
larly during assisted or controlled ventila- 
tion. 

Usage in Pregnancy: Safe use of 
FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 


FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 
FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous. oxide (usually in a 50:50 ratio). 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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AYERST LABORATORIES 
“| New York, N.Y. 10017 





When vou 


need to know 
|DInaMaP. for non-invasive, routine 


monitoring of arterial pressure? 








Using: An ordinary pressure cuff with no 
transducer. Easily attached to any limb: 
Provides: Automatic determination and digital 
display of mean arterial pressure. 


Write or call for your demonstration. 


Apolied Medical Research 
6 Columbia Drive 
M, Tanpa, Fla. 33606 

(813) 251-8390 pen, 5 








tAudible pulse monitor optional. 
*[ncluding patient preferred ankl 





Bu 


MONITORS MADE. 
MADE EVEN BETTER. 


For some time now, our 
monitors have been selected 
for use in surgery by more 
medical people than any other 
battery-powered monitors in 
the world. Because we give you 
more of what you want in a 
monitor than any other moni- 
tors in the world. 

However, this didn't stop 
us from improving them. 

Our new Datascope 851 
and 861 will now give you heart 
rate not only from ECG,but also 
from pulse or blood pressure. 

And both monitors will 
give you 2 traces. So you can 
monitor ECG (or EEG) and 
pulse simultaneously. 

And both give you beat by 
beat synchronization!. So a 
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DATASCOPE 861 
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EPS S/S 


DANGER—POSSIBLE EXPLOSION HAZARD IF USED 
.IN THE PRESENCE OF FLAMMABLE ANESTHETICS. _ 


LEAD SELECTOR 


€ 


SYNC 


single ECG complex shows up 
with each full sweep. 

The 861 does even more. 
It monitors body temperature. 
On a digital read-out. And this 
same digital display will give 
you heart rate when you want 
it; or mean blood pressure 
when you are using the 861 with 
our Pressure Module. 

For all the things our 851 
and 861 do, they're surprisingly 
portable. And they offer longer 
battery-operating time than 
any other monitors. In some 
cases, actually twice as long. 

Will they continue to be 
the most popular monitors 
made? More so. 

For further information 
about our new 851, 861, or our 


TRACE 2 






* LOW 
& BATTERY 
от 


Pressure Module, write Data- 
scope Corp., 580 Winters Ave., 


Paramus, NJ 07652. 
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The 861 with Pressure Module. 


THE DATASCOPE 
851/86 
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These soft, pliable blood pressure cuffs are ideal for use 

on newborns and infants. Incorporating a Latex bladder, 

minimizing any chances for skin irritation, and Silicon A 
wrap-around with 12-inch inflating tube. They are secured by = 
the Velcro hook and pile method, with no eyes to hook nor DUPACO 
ends to tuck in. They are instantly peeled apart for easy INCORPORATED 
removal. P.O. Box 98, 


San Marcos, CA 92069 
Cuffs are available in two sizes: 
22080 - 1% x 5" (new born) 
22081 - 2% x 6" (infant) 


For additional information write for brochure number 27. 


FOR MONOSCOPE 
MONITORING COMFORT 
CUSTOM EARPIECE 


I.A.R.S. EDUCATIONAL MEMBERSHIP 
7OR ALL STUDENTS IN 
ANESTHESIA TRAINING PROGRAMS 


Made From Your Own Ear Impression 
"Do It Yourself Impression Procedure" Proven 
At Many Hospitals Over Period of Several 


Years. 
Two-year, one-half price membership, in- 


Impression Kit and Full Instructions 
Complete With Postage Prepaid. Mailer $1.00 


Lucite Custom Earmold With Coupler . $8.50 


One Week Delivery. Full Guarantee. 
Full information upon request. 


PLASTICAST LABORATORIES, INC. 


711 Penn Ave. Pittsburgh, Pa. 15222 


cluding subscription to ANESTHESIA and 
ANALGESIA . . . Current Researches. 


Application forms available from Cleveland 
busines office. Certification by Program 
Director required. 





Nesacainé | 
(Chloroprocaine Hydrochloride) 


1% and 2% solution in 30-ml. multiple-dose vials 
For Infiltration and Regional Anesthesia 


Nesacaine-C E 


(Chloroprocaine Hydrochloride) 


2% and 3% solution in 30-ml. single-dose vials 


For Caudal and Epidural Anesthesia 


INDICATIONS 

NESACAINE in multiple dose vials and NESACAINE-CE in 
single dose vials without preservatives are indicated for 
production of local anesthesia by infiltration injection and 
nerve block.* 

*NESACAINE in multiple dose vials with preservatives is 
not to be used for caudal or epidural anesthesia. 
NESACAINE-CE contains no preservatives and the unused 
portion must be discarded after initial use. 


CONTRAINDICATIONS 

NESACAINE and NESACAINE-CE are contraindicated in 
patients hypersensitive to drugs of the PABA ester group. 
Central nervous system disease is generally considered a 
contraindication to caudal or epidural nerve block. 


WARNINGS 

RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE 
IMMEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC 
IS USED. As NESACAINE-CE contains no preservative, 
discard unused drug remaining in vial after initial use. 
Equipment and crugs necessary for the treatment of inad- 
vertent intravascular injection, intrathecal injection, or 
excessive dosage should be immediately available. 

Usage in Pregnancy: Safe use of chloroprocaine hydro- 
chloride has not been established with respect to adverse 
effects upon fetal development. Therefore, it should not be 
used in women cf childbearing potential unless in the judg- 
ment of the physician the potential benefits outweigh the 
unknown hazards. In obstetrics, if vasoconstrictor drugs are 
used either to correct hypotension or are added to the local 
anesthetic solution, the obstetrician should be warned that 
some oxytocic drugs may cause severe persistent hyperten- 
sion and even rupture of a cerebral blood vessel may occur 
during the post partum period. 

Solutions containing vasoconstrictors, particularly epi- 
nephrine and norepinephrine, should be used with extreme 
caution in patierts receiving certain antidepressants such as 
MAO inhibitors, and tricyclic compounds since a severe 
prolonged hypertension may occur. 


PRECAUTIONS 
The lowest dosage that results in effective anesthesia should 
be used to avoid high plasma levels and serious undesirable 
systemic side effects. Tolerance varies with the status of the 
patient. Debilitated patients, elderly patients, acutely ill 
patients, and children should be given reduced doses com- 
mensurate with their age and physical status. 
Solutions containing vasoconstrictors should be used 
cautiously in the presence of disease which may adversely 
affect the patient's cardiovascular system. 
Chloroprocaine hydrochloride should be employed cau- 
tiously in persons with known drug allergies or sensitivities. 
The decision whether or not to use local anesthesia in the 
following conditions depends on the physician's appraisal of 
the advantages.as opposed to the risk: 
Paracervical block when fetal distress is anticipated or 
when predisposing factors causative of fetal distress are 
present (i.e., toxemia, prematurity, diabetes, etc.). Injec- 
tion of solutions containing epinephrine in areas where 
the blood supoly is limited (i.e., ears, nose, digits, etc.) or 
when peripheral vascular disease is present. 


ADVERSE REACTIONS 

Adverse reactions result from high plasma levels due to 
rapid absorption, inadvertent intravascular injection or 
excessive dosage. Hypersensitivity, idiosyncrasy, or di- 
minished tolerance are other causes of reactions. Reactions 
due to overdosage (high plasma levels) are systemic and 
involve the central nervous system and the cardiovascular 
system. 

Reactions involving the central nervous system are charac- 
terized by excitation and/or depression. Nervousness, dizzi- 
ness, blurred vision or tremors may occur followed by 
drowsiness, convulsions, unconsciousness and possibly 
respiratory arrest. Since excitement may be transient or 
absent, the first manifestations may be drowsiness merging 
into unconsciousness and respiratory arrest. 





Reactions involving the cardiovascular system include 
depression of the myocardium, hypotension, bradycardia 
and even cardiac arrest. 

Treatment of a patient with toxic manifestations consists of 
maintaining an airway, and supporting ventilation using 
oxygen and assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular system consists 
of using vasopressors, preferably those that stimulate the 
myocardium (e.g., ephedrine) and intravenous administration 
in small increments of an ultrashort acting barbiturate 

(i.e., thiopental, thiamylal) or a short acting barbiturate if 
these are not available (secobarbital, pentobarbital) or a 
short acting muscle relaxant (succinylcholine), together with 
oxygen. Muscle relaxants and intravenous barbiturates 
should be used only by those familiar with their use. 

Allergic reactions are characterized by cutaneous lesions, 
urticaria, edema and other manifestations of allergy. The 
detection of sensitivity by skin testing is of doubtful value. 


DOSAGE AND ADMINISTRATION 

The maximum single recommended doses of chloroprocaine 
hydrochloride are: without epinephrine, 800 mg.; with 
epinephrine (1:200,000), 1000 mg. The recommended dosage 
is based on requirements for the average adult and should 
be reduced for elderly or debilitated patients and children. 
The recommended doses given below serve only as a guide 
to the amount of anesthetic required for most routine 
procedures. 


1. INFILTRATION AND NERVE BLOCK (NESACAINE) 


Type of Block Volume Concentration 
Occipital 3-5 ml. 196-2965 
Mandibular 2-3 ml. 296 
Maxillary 2-3 ml. 296 
Infra-orbital 0.5-1 ml. 296 
Cervical 3-4 ml. 196-296 
(for each segment) 

Brachial plexus 30-40 ml. 296 
Ulnar nerve 3-5 ml. 296 
Paravertebral 3-5 ml. 2% 
Intercostal 3 ml. 196-296 
Sciatic nerve 10-15 ml. 296 
Stellate ganglion 5-10 ml. 196-296 
Lumbar sympathetic 

1 needle technic) 15-20 ml. 196-296 
nterdigital 3-4 ml 196-296 


(without epinephrine) 
Fractional doses, up to 300 to 600 mg., may be given 
at 50 minute intervals. 


2. CAUDAL AND EPIDURAL BLOCK (NESACAINE-CE) 

For caudal anesthesia the initial dose is 15 to 25 ml. of a 2% 
or 3% solution. Repeated doses may be given at 40 to 60 
minute intervals. 

For epidural anesthesia in the lumbar and sacral regions 

2.0 to 2.5 ml. per segment of a 296 or 396 solution can be 
used. The usual total volume of Nesacaine-CE is from 15 to 
25 ml. Repeated doses 2 to 6 ml. less than the original dose 
may be given at 40 to 50 minute intervals. 


HOW SUPPLIED 

Nesacaine is supplied as follows: 
195 solution (10 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per carton. 
2% solution (20 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per.carton. 

Nesacaine-CE is supplied as follows: 
2% solution (20 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 
395 solution (30 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 


ЎЗ MENNWALT 


Pennwalt Prescription Products 
Pharmaceutica! Division 
Pennwalt Corporation 
Rochester. New York 14603 








> Alocal 
^ anesthetic 
should meet your 
needs... 


Rapid Onset of Action. Saves doctor, nurse and patient time. 


Effective Anesthesia. Nesacaine (Chloroprocaine Hydrochloride) offers 8096 to 
90% pain-free procedures at recommended doses 


Exceptional Safety. Less potential for postoperative complications. Nesacaine is 
rapidly hydrolized in plasma, whereas lidocaine and other amide-type local 
anesthetics are metabolized in the liver. With Nesacaine, therefore, there is minimal 
potential risk of systemic toxicity, accumulation of metabolites, stimulation of CNS 
or cardiovascular effects. 


Excellent Penetration. Chloroprocaines lipid solubility and ionization charac- 
teristics impart it with excellent penetration. 


Minimal Irritation at Injection Site. Few patient complaints about procedural pain, 
little soreness and inflammation after procedure. 


Rapid and Complete Wear-Off. No residual numbress, patient back to normal 
faster. 


See opposite page for brief 
prescribing information. 


Look Into. | 
Nesacaine 


(Chloroprocaine Hydrochloride) 
It meets your needs. 


(30) ANESTHESIA and ANALGESIA . . . Current Researches 


5187 
CONGRESS 


MARCH 6-10, 1977 


P 
L 
AHEAD 
N 








Juteruational Anesthesia Research Society 


DIPLOMAT RESORT AND COUNTRY CLUBS 
HOLLYWOOD, FLORIDA 


IMPORTANT INFORMATION ON THE 51st CONGRESS 





Scientific Program —August 2, 1976, deadline for submission of titles and 
abstracts for consideration by program committee. Application forms 
are available from John T. Martin, M.D., Chairman, Program Committee, 
Medical College of Ohio at Toledo, Box 6190, Toledo, Ohio 43614. 


Scientific Exhibits —Application forms are available from B. B. Sankey, M.D., 
Executive Secretary, l.A.R.S., 3645 Warrensville Center Rd., Cleveland, 
Ohio 44122. There is no deadline for applications; however, applications 
received after November 1, 1976, are subject to exhibit space availability. 


Technical (Commercial) Exhibits—Applications available from Charles B. 
Slack, Inc., Exhibit Manager, 6900 Grove Rd., Thorofare, New Jersey 
08086. 


C.M.E. Credit — This Continuing Medical Education offering meets the criteria 
for Category 1 credit (22 hours est.) for the Physician's Recognition 
Award of the American Medical Association. 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 4, AULY-Aucusr, 1976 


467 


On The History of Ideas in Anaesthesia 


Tenth Annual Becton, Dickinson ard Company 
Oscar Schwidetzky Memorial Lecture 


LEROY D. VANDAM, MD* 


Boston, Massachusetts 


HIS convocation commemorates the 50 

years over which the International An- 
esthesia Research Society has met annually 
to perpetuate its unique educational role in 
Anesthesia. Abiding by custom, a golden 
jubilee usually connotes a season of general 
joy and exultation for the good fortune we 
have had. But inevitably, as the span com- 
prises more than half a lifetime, we are 
not only compelled to look back but tempted 
also to peer timorously into the future. 


In tracing the history of the National 
Science Foundation, Detlev Bronk once ob- 
served: “The history of an institution is the 
tale of what people did; its future depends 
in part on the foundation they created." 
Thus, in the course of my remarks, some 
recounting of the people concerned in the 
development of the Society is justified, as 
is an affectionate nod in the direction of 
Oscar Schwidetzky for whom this memorial 
lectureship is named. 


Mr. Schwidetzky's illustrious life in this 
country coincided with the founding by 
Francis Hoeffer McMechan and others, of 
the several regional groups that led ulti- 
mately to the formation of the International 
Society and the subsequent flowering of the 
specialty of Anesthesia. Earlier in 1900, 
Mr. Schwidetzky's arrival here from Ger- 
many, where he had been an apprentice 
instrument maker, also signaled the emer- 
gence of Anesthesia from the vacuous years 
following the initial use of nitrous oxide and 
ether. Probably only a few elders in this 
audience will recall Mr. Schwidetzky's gra- 
cious omnipresence at our anesthesia gath- 
erings, where, as a stalwart of the Becton, 
Dickinson organization, he stood ready to 


*Professor of Anaesthesia, Harvard Medical School; 
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transform our technical concepts into real- 
ity. 

Thus, fer example, he produced the mal- 
leable needle employed in continuous caudal 
and spinel anesthesia. Subsequently he 
came up v ith the prototype of the pediatric 
scalp vein needle in the form of a fine can- 
nula that could be placed into an umbilical 
vein. His relations with the International 
Society were not merely coincidental, for 
the bond »etween physician and manufac- 
turer was salubriously close in the early 
days, resu ting in the formation of the Na- 
tional Anesthesia Research Society with 
both physician anesthetists and manufac- 
turers as rnembers. So did Mr. Schwidetzky 
function, and in 1956 he was honored for his 
cooperation by honorary membership in the 
International Society. At the time of award 
of an honorary Doctor of Laws degree in 
1953 by Е: irleigh Dickinson University, the 
citation read in part: “Probably at every 
place throaghout this country where there 
are sick ard wounded, and suffering persons 
—some product of his medical skill is re- 
lieving pain... .” 


For this occasion, after considerable re- 
flection, I set myself the goal of ascertaining 
those ideas that Anesthesia might have giv- 
en to Medizine. What concepts or ideas have 
emanated “rom us? What are our utopian 
aims? Can we be styled as visionary or are 
we merely carried along by the tide? For 
the remainder of this address, I shall retrace 
the steps ky which I arrived at the conclu- 
sions that zame to mind. 


At the cutset, I found that I was not ex- 
ceptionally innovative in my intention. More 
than a few milestone addresses have been 


Anesthesiologsst-in-Chief, Peter Bent Brigham Hos- 
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published wherein the speaker elaborates 
on the contributions to Medicine of his spe- 
cialty. This proves to be a comparatively 
easy exercise for Internal Medicine, as re- 
vealed by George Thorn’s remarks in 1961, 
wherein he refers among other notable 
events to Joseph Lind's 1753 Treatise on 
Scurvy, a keystone in the formulation of 
modern concepts of nutritional and vitamin 
deficiency: to William Withering's account 
in 1785 of the medical uses of the foxglove, 
a classic in pharmacology; to Edward 
Jenner's Inquiry into the Causes and Efjects 
of the Variolae Vaccinae, a fundamental 
contribution to immunology: successively 
then to Richard Bright, Thomas Addison, 
Robert Koch and Paul Ehrlich, and latterly 
to Sir Archibald Garrod's 1908 monograph 
on Inborn Errors of Metabolism, with notes 
on alkaptonuria, cystinuria, albinism, and 
pentosuria. Garrod advanced the concept 
that certain diseases of lifelong duration 
arise because an enzyme governing a single 
metabolic step is reduced in activity or miss- 
ing altogether. 


It is almost as convenient for Pediatrics 
to lay claim to certain benefits conferred 
upon mankind, as observed by essayist 
Harry H. Gordon. We are reminded of von 
Pirquet's skin test with tuberculin as a path 
to diagnosis, case finding, and now prophy- 
lactic therapy in tuberculosis; of the Schick 
test as a guide to routines of diphtheria im- 
munization; to the discovery by Dutch pedi- 
atricians of gluten sensitivity as a cause for 
the celiac syndrome in childhood, with ex- 
tension of their findings by English and 
other observers to the diagnosis and study 
of malabsorption syndromes at all ages; and 
in a more general sphere to the work of 
Howland, Holt, Marriott, Gamble, et al on 
the regulation of the intracellular and extra- 
cellular metabolism of water and electro- 
lytes. None of the other specialties can lay 
claim to such extraordinary accomplish- 
ments in the specific treatment and preven- 
tion of disease, which comprise the essence 
of ecologic and physiologic medicine. 


Perhaps I have already wandered too far 
from my main theme by referring to the 
cure and prevention of disease—Medicine’s 
main thrust—for Anesthesia, by the very 
nature of its mandate, can lay no convincing 
claims in that direction. But I cannot re- 
frain from going down this pathway for 
awhile. I have always believed that our 
highly specialized role in medical care was 
the chief reason for our nether ranking in 
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the medical hierarchy, an impression con- 
firmed by reading Таро Galdston's oration 
on the Birth and Death of Medical Special- 
ties. His message has meaning for us all 
if we will only dwell upon it. 


Galdston takes issue with the prevalent 
concept of modern medicine as a continuous 
and accelerated detachment of various spe- 
cialties from the main trunk of medical prac- 
tice. Rather, he points out that specialism 
had its origins in antiquity, for it was never 
more specialized than in Egypt. “Each phy- 
sician applies himself to one disease only 
and not more,” according to Herodotus. 
“Some physicians are for the eyes, others 
for the head, others for the teeth, others for 
the intestines and others for internal dis- 


” 


ease. 


Are those observations not reminiscent of 
the current trend toward collateralization 
away from the main vessel of Anesthesia? 
Galdston reasons that specialization is not 
concomitant with nor is it in itself a gauge 
of the advancement of medicine. ‘“Special- 
ties rise and fall in importance, some dis- 
appearing from the scene entirely. Indeed, 
the long view of the history of science re- 
veals a pattern of periodic diversifications 
in interest and knowledge, that is—of spe- 
cialization, followed by periods wherein 
the synthetic unification of knowledge is 
achieved. Science is never more innately 
consonant and rewarding than during its 
unitary stage.” I would like to fancy that 
some of the ideas generated by Anesthesia 
fall within the unification process, an argu- 
ment I shall proceed to. 


Anesthesia as a specialty differs from all 
others in that its origins lie not in the con- 
quest of disease—its causation, prevention, 
or treatment. Rather it rose upon the scene 
quite late, beginning (in the 18th century) 
with the work of biochemists, their recog- 
nition of oxygen and carbon dioxide as ele- 
ments in the life process, and the use by 
several physicians of gases and vapors in 
the treatment of disease. Certain keen ob- 
servers, as typified by Davy and Hickman, 
reasoned that some of these vapors might 
be useful in relieving the pain of surgical 
operations. These were the very first ideas! 
Elsewhere, your speaker has observed that 
certain social events and changes in atti- 
tude toward man and the relief of pain led 
to the eventual introduction, in the 1840s, 
of ether, nitrous oxide, and chloroform. 
Owsei Temkin notes: 


Y 
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“Sociologists of science have cited in evi- 
dence for social causation the multiple ap- 
pearance of the same discovery—‘multiples’ 
in the language of Robert Merton. The in- 
dependent use of anesthesia by Long, Wells, 
and Morton is a well known medical exam- 
ple. Though discoveries are not necessarily 
ideas, both are spoken of as being ‘in the 
air’ or ripe for their time.” 


Now, as we have come a little closer to 
matters of ideas and discovery, further def- 
inition is essential. You may be surprised 
to learn, as was I, that there is not only a 
journal devoted to the history of ideas but 
recently the appearance of a periodical con- 
cerned solely with medical hypotheses. In 
the opening essay of Volume I of the Jour- 
nal of the History of Ideas, Arthur O. 
Lovejoy notes: “Whatever other definitions 
of man be true or false it is generally ad- 
mitted that he is distinguished among the 
creatures by the habit of entertaining gen- 
eral ideas. Like Brer Rabbit he has always 
kept up a heap o' thinking. And ideas are 
the most migratory things in the world." 
Furthermore, “Опе of the safest (and most 
useful) generalizations resulting from a 
study of the history of ideas is that every 
age tends to exaggerate the scope or finality 
of its own discoveries, or rediscoveries,— 
to be so dazzled by them that it fails to 
discern clearly their limitation. . . ." Again 
it is useful for us to reflect upon this timely 
observation. Also note that Lovejoy cannot 
resist using the terms “ideas” апа “discov- 
ery" interchangeably. 


In another analysis, Peter Caws examines 
the Structure of Discovery. Logical analy- 
sis, he avers, is not appropriate to inquiry 
into the way in which claims to scientific 
knowledge originate. “Rather, questions 
about origins are said to belong to the con- 
text of discovery, requiring a different kind 
of logic. The devising of hypotheses is as- 
cribed to genius, intuition, imagination, 
chance or any number of other extralogical 
processes. One of the tactics most often used 
by proponents of the mystique of genius who 
are always bandying about terms like cre- 
ativity, insight, ripeness and so on, is the 
recounting of tales about moments of en- 
lightenment in the lives of great scientists." 


While we are too close to the present to 
discover the genius amongst us, would you 
not agree that it was something akin to a 
combination of genius and insight in an aura 
of ripeness that led the vanguard first to 
suggest the possibility of relieving the pain 
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of surg. eal operations—then to demonstrate 
the means by which it could be done? 
Among the vanguard we would all cite 
Humpkry Davy, Henry Hill Hickman, 
Crawford W. Long, Horace Wells, and 
William T. G. Morton. An analysis of their 
individal discoveries, as in all matters of 
this kiad, as Caws writes, “shows that in 
practicaily every case the individual acted 
as the catalyst for a complex process in 
which many other individuals played a role. 
This need not be taken to mean that no 
credit = due the individual for having ad- 
vanced ais science in a particular way at a 
particu.ar time but it does mean that 
(probaaly) no individual has been indis- 
pensab:e to the advance of science in gen- 
eral." 


So far as perceiving ideas derived from 
Anesthesia is concerned, one should recall 
Newtor s celebrated remark about “stand- 
ing on the shoulders of giants.” Writes 
Caws, “It serves to remind us that the de- 
velopment of science is a stepwise process; 
nobody starts from scratch and nobody gets 
very fa- ahead of the rest. At any point in 
history there is a range of possible discov- 
ery; the trailing edge of the range is defined 
by everything known at the time (I over- 
look the fact that people are constantly 'dis- 
covering" what is known— which blurs the 
image somewhat) and the leading edge is 
a function of what is already known, to- 
gether with variables representing available 
instrumentation, the capacity of human 
brains, and so on." 


In tbe context of Caws' analysis, can we 
say thet we have hatched any epochal dis- 
coveries or ideas since the first demonstra- 
tions? It is not a simple matter to answer 
this question, for our discoveries, if any, 
resultirg from the research we have done, 
reside п the realm of clinical rather than 
physiokgic medicine. А. R. Feinstein has 
raised the question: What kind of basic 
science for clinical medicine? He explains 
that tbe practice of medicine entails two 
kinds of decisions: the explanatory decisions 
involvinz the naming, mechanisms, and 
causes -f disease; and the managerial deci- 
sions fer therapeutic interventions—to pre- 
vent or alter disease. Wouldn't you agree 
that our thrust has been almost entirely in 
the ma-agerial sphere? 


We cennot claim to have explained much 
in relation to the foundations of our prac- 
tice—the mechanisms of narcosis and pain. 
Progress in these areas is being made never- 
theless. as others have begun to collect the 
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data necessary for establishment of the ap- 
propriate hypotheses. Moreover, anesthesi- 
ologists are working on the leading edge of 
discovery in these areas. Managerially, we 
in Anesthesia cannot accept the praise, if 
any is due, for synthesizing the many con- 
troversial anesthetics that have been intro- 
duced to practice. As a rule we receive new 
compounds from the manufacturers, then 
discover what they are all about in broad, 
unsupervised clinical trials. In this respect, 
perhaps, we have made little progress since 
the 1840s. 


'The evolution of technics of balanced an- 
esthesia represents a considerable step for- 
ward, inasmuch as the clinical phenomenon 
designated as anesthesia has been dissected 
into its components: analgesia, loss of con- 
sciousness, and muscle relaxation. But here, 
too, Claude Bernard first pointed out the 
benefits to be derived from giving morphine 
before anesthetization, while George Crile, 
Senior, combined the attributes of regional 
and general anesthesia in order to combat 
the development of surgical shock, according 
to his anoci-association theory. We were 
then given the short-acting intravenous bar- 
biturates, and several varieties of neuromus- 
cular blockers to complete the ingredients 
of modern balanced anesthesia. Several an- 
esthetists deserve credit for hastening the 
process: J. S. Lundy and R. M. Waters for 
introduction of the barbiturates and Johnson 
and Griffith for their daring in giving tubo- 
curarine to man. These people rode on the 
leading edge of discovery! 


It occurs to me that balanced anesthesia, 
and the detailed study of the drugs used in 
its format, probably represent the greatest 
advance in the managerial aspects of anes- 
thesia. Although the mortality resulting 
from anesthesia probably was enhanced at 
first, subsequent experience with the use of 
multiple agents may have led to an apparent 
decrease in both anesthetic morbidity and 
mortality. As a result, all of the new potent 
general anesthetics are used in balanced 
technics, with a short-acting barbiturate em- 
ployed for induction and attainment of un- 
consciousness, nitrous oxide given for its 
concentration and second gas effects as well 
as a mainstay for analgesia, and neuromus- 
cular blockers to circumvent the deeper 
planes of general anesthesia required for 
good muscle relaxation. 


If anesthetic mortality has been reduced 
thereby, can we not proclaim that we have 
made a major contribution to preventive or 
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ecologic medicine—the reduction in hazard 
of a major environmental threat— general 
anesthesia? The environmental threat to 
those who work in an atmosphere of anes- 
thesia is also under scrutiny. But in the 
realm of ideas or discovery we ought not to 
be praised for making our practice safer, 
any more than the cardiologist should be 
cited for the more proficient use of digitalis, 
for a long time a little-recognized but lead- 
ing cause of sudden death in patients treated 
for heart disease. 


A few other pharmacologic events come 
to mind, not that we were the innovators, 
but we were the practitioners who allowed 
surgical patients to benefit from these con- 
cepts. I recall all that has been learned 
concerning the uptake, distribution and me- 
tabolism of anesthetics, beginning with 
measurements on ether by H. W. Haggard 
in the twenties, and the many subsequent 
studies on other anesthetics, employing 
quantitative technics. S. S. Kety, working 
in an atmosphere of anesthetic thought at 
Pennsylvania, figured out the mathematic 
equations underlying transport, while it re- 
mained for basic scientists in Anesthesia to 
demonstrate the actuality in man—again 
along the leading edge of discovery. 


Parenthetically, anesthesiologists could 
lay claim to being among the first to take 
advantage on a large scale of the human 
volunteer in experimentation, thereby per- 
mitting the action of drugs to be assayed in 
the absence of disease and surgical stress, 
apart from considerations of species differ- 
ences. Conversely, we wouldn’t want to bear 
the onus for the ethical abuses in human 
experimentation that have led to much- 
needed regulation and to protection of 
human subjects, whether volunteer or pa- 
tient. 


A few more general ideas come to mind— 
all in the pharmacologic arena: the realiza- 
tion that inhalation anesthetics are not after 
all inert, rather that they are metabolized 
in varying degree, sometimes to toxic me- 
tabolites—either hepatotoxic or nephrotoxic 
—their sites of metabolism and excretion, 
and with adverse effects on embryonic tis- 
sues. Inadvertently, we have broadened the 
horizons of pharmacogenetics by the use of 
xenobiotics such as succinyldicholine, dis- 
covering that there are several kinds of 
genetically transmitted abnormal plasma 
cholinesterases. A related iatrogenic disease 
has been rediscovered—malignant hyper- 
thermia. Remember Caws’ remark that peo- 
ple are constantly rediscovering what is 
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already known? Finally, so far as clinical 
pharmacology may profit from eur trials, 
we have added considerably to the knowl- 
edge of drug interactions and in general to 
the epidemiology of iatrogenic disease. 


My remarks thus far have touehed upon 
a few ideas and discoveries in which we have 
played a role, without necessarily receiving 
recognition, simply because we work in the 
managerial rather than the descriptive 
sphere of medicine. However, transcending 
all of these accomplishments is one inalien- 
able characteristic of anesthetic practice— 
that is our ability, willingness, and courage 
in manipulating man’s internal environment, 
the milieu intérieur of Claude Bernard and 
the homeostatic systems of Walter B. 
Cannon. I allude to the deliberate control 
of respiration, circulation, body temperature, 
and fluid and acid-base balance. 


The lessons learned from these excursions 
or incursions into the physiology of man 
have had wide-reaching consequences for 
clinical medicine: the treatment of pulmo- 
nary disease, heart disease, neurologic ail- 
ments, and allied surgical interventions. 
With this new power, we had to devise the 
means to assess quantitatively what we were 
doing, beneficially or otherwise, to the home- 
ostatic systems of the body. Step by step, 
in the remaining paragraphs of this dis- 
course, I shall enlarge upon this thesis. As 
an aside, I call your attention to the recent 
publication of the proceedings of a confer- 
ence on Anesthesiology, held in Washington 
under the auspices of the National Institute 
of General Medical Sciences, entitled: “Ап- 
esthesiology, Its Expanding Role in Medi- 
cine.” The substance of this report parallels 
that whereof I speak. 


On respiration first! It is interesting to 
find that in the last half of the 19th century 
physiologists were using positive-pressure 
ventilation in the management of the open 
thorax and they were, of course, aware of 
the neuromuscular-blocking properties of 
tubocurarine. Meltzer and Auer in the teens 
then demonstrated the feasibility of apneic 
oxygenation in the dog. That anesthetists 
were slow to adopt these measures is simply 
a reflection of a contention made before, 
that Anesthesia had to await the develop- 
ment of Surgery, not only to recruit people 
unto itself but to take advantage of technics 
already proven in the laboratory. 

Arthur E. Guedel, in the thirties, prob- 
ably with the encouragement of Ralph M. 
Waters, was the first to define the means by 
which respiration could be controlled in 
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man, either by increasing the depth of ether 
anesthesia, through hyperventilation, or by 
a combination of both. Pharmacologic con- 
trol of respiration, he said, led to better 
operating conditions within the abdomen. 
Control of respiration became commonplace 
after the introduction of cyclopropane, and 
mechanical ventilation of the lungs manda- 
tory following the use of tubocurarine. The 
proliferation of endotracheal technics arose 
out of necessity. 


But let us reflect on the consequences in 
terms of general medical utility and treat- 
ment of a host of illnesses. A variety of 
respiratory patterns emerged along with the 
mechanical equipment to do the job: pres- 
sure- or volume-controlled ventilation; inter- 
mittent positive-pressure breathing; contin- 
uous positive-pressure breathing, positive 
end-expiratory pressure and intermittent- 
demand breathing. The box was opened in 
the effects on ventilation-perfusion ratios, 
secondary effects on circulation, emergence 
of iatrogenic phenomena— pneumothorax, 
tracheal damage, and problems in weaning 
from centrolled ventilation. A vast clinical 
literature appeared, largely in the mana- 
gerial sphere, with observations from both 
basic scientists and clinical investigators in 
Anesthesia. 


New light was cast on the effects of me- 
chanical control of ventilation in respect to 
small-airway dynamics, the relation between 
central and peripheral chemoreceptor con- 
trol of respiration, details of chest and lung 
compliance, and the consequences of hyper- 
or hypoventilation in relation to oxygen or 
carbon dioxide. One could go on and with 
a myriad of citations while cogitating on the 
benefits derived in the treatment of disease: 
pneumonia, pulmonary embolism, coma re- 
sulting from poisoning, chest trauma, re- 
spiratory-tract burns, aspiration of gastric 
contents, tetanus, myasthenia gravis, drown- 
ing, the postsurgical lung, and the infant 
and so-called adult respiratory distress syn- 
dromes. 


A secondary bonus accrued in the man- 
agement of intracranial disease: anesthesia 
for intracranial surgery; treatment of stroke, 
seizures, and head trauma. The pattern and 
volume of ventilation strongly influence in- 
tracranial pressure, the distribution of water 
between the several compartments, and the 
course of blood flow. Cerebral blood flow 
and its partition between normal and dis- 
eased tissues is as much influenced by re- 
spiratory-induced changes in acid-base bal- 
ance as by the mean level of blood pressure. 
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Anesthesiologists have worked on the lead- 
ing edge of investigation—in the quantita- 
tive assessment of the effects of pulmonary 
ventilation on distribution of cerebral blood 
flow—an eminent contribution to physio- 
logic medicine. As might have been antici- 
pated, in spite of our facility in altering the 
respiratory environment, we have rediscov- 
ered a basic tenet that maintenance of nor- 
mal blood levels of oxygen and carbon diox- 
ide is for the better in practically every situ- 
ation. 


As you know, it is hardly possible to sep- 
arate the physiologic effects of alterations 
in respiration or circulation, but let us now 
observe how anesthesiologists have at times 
taken over control of the circulation. Begin- 
ning with the advocacy by Harvey Cushing 
of the need to measure blood pressure dur- 
ing anesthesia, anesthetists for the first half 
of this century, in this country at least, 
devoted much of their clinical effort and 
research to maintenance of normotension 
during anesthesia. Then as a byproduct of 
neurosurgery, W. J. Gardner and D. F. 
Hale found that lowering of blood pressure 
by deliberate blood-letting provided better 
conditions during intracranial operations, at 
least in the crisis situation. 


As a John Clover lecturer in 1950, John 
Gillies was then impelled to take as his 
theme, *Anaesthetic Factors in the Causa- 
tion and Prevention of Excessive Bleeding 
During Surgical Operation." As the concept 
was presented, why not control the blood 
pressure by one of several means, mechani- 
cal or pharmacologic, to diminish blood loss 
and improve operability—via the hypoten- 
sion resulting from spinal anesthesia, use of 
ganglionic blocking agents or peripheral 
vasodilators—and positioning of the part 
to be operated upon above the level of ve- 
nous pressure. So was deliberate hypoten- 
sion conceived, with more than a few com- 
plications at first but ultimately with real 
benefit as soon as the effects on regional 
circulation in brain, heart, kidneys, and 
liver were discerned. Blood flow in normal 
cerebral vessels accommodates to changes 
in mean blood pressure in a range between 
60 and 180 torr. So is it the rule for the 
coronary artery circulation. 


A tertiary benefit emanating from a safe 
level of hypotension lay in the decreased 
work of the heart against an afterload, hence 
less demand for oxygen. Increase in heart 
rate and enhancement of myocardial con- 
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tractility also increase the work of the 
heart. These principles now guide the anes- 
thesiologist in the intraoperative manage- 
ment of patients with coronary arteriosclero- 
sis and myocardial ischemia; a modest blood 
pressure, slow heart rate, and muted ino- 
tropic activity are beneficial. And the im- 
pact has not been lost on Cardiology, where 
dissecting aneurysm, myocardial ischemia 
and infarction or heart failure may be alle- 
viated by the use of modest degrees of con- 
trolled hypotension via an appropriate com- 
bination of alpha- and beta-sympathetic 
agonists and antagonists. 


And there is at least one more homeo- 
static system that we manipulate willingly, 
sometimes unwittingly, during the course of 
anesthesia, that is the body temperature. 
Here we dare not transgress in both direc- 
tions for we fear the ravages of hyperther- 
mia. In the late 1930s, deliberate cooling 
of the body was first practiced in an attempt 
to control the spread of inoperable malig- 
nant tumors, abandoned, then resurrected a 
decade later in conjunction with open-heart 
surgery. The idea was to lower the oxida- 
tive needs of the brain during a brief span 
of total circulatory occlusion. Much was 
learned of the physiology of deep hypother- 
mia in the realm of metabolism of tissues, 
and the dangers thereof. Total body hypo- 
thermia became a little too much to handle, 
but the principle remains in relation to in- 
dividual organs, where the heart is cooled 
during bypass surgery, kidney temperature 
lowered before transplantation, the cere- 
brum protected by deep hypothermia dur- 
ing complex cerebrovascular operations, and 
the traumatized brain protected by main- 
tenance of normothermia. 


It is high time to conclude this oration. 
If my analysis can be taken as correct, An- 
esthesia has conferred a great many benefits 
on physiologic medicine, not truly in the 
realm of ideas or discovery but in the man- 
agerial sphere. We could not have been 
held responsible for the introduction of An- 
esthesia because the discovery preceded our 
birth, nor have we as scientists explained the 
mechanism of narcosis or pain. As a result 
of our investigations, however, and the uti- 
lization in combination of new compounds 
given us, we may have significantly de- 
creased the epidemiologic hazard of surgical 
anesthesia. In the course of so doing, more- 
over, our ability, daring, and inventiveness 
in manipulating respiration, the circulation, 
and body temperature, which no other phy- 
sicians had had the opportunity to explore 
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so thoroughly, have had broad implications 
for medicine, in the care of the critically ill. 
This transpires not only in the operating 
room but in emergency wards, recovery 
rooms, and the many kinds of intensive care 
facilities now extant. 


We may derive a measure of solace in the 
knowledge that even though anesthesia may 
one day become so safe, through the applica- 
tion of better agents and predictive moni- 
toring devices, as to warrant the attention 
mostly of technically able personnel super- 
vised by physicians—that we shall never- 
theless still have a role to play in the inten- 
sive care of critically ill patients everywhere. 
This is a trend resented or denied by some 
of the older generation of anesthetists, but 
we are witnessing its rapid evolution in the 
aspirations of many young people training 
in Anesthesia today. They are attracted to 
the field mainly by the prospect of caring 
for people who are desperately ill. And the 
reward comes from witnessing recovery and 
restoration of people to a meaningful exist- 
ence as contrasted with what at one time 
might have been the fatal outcome. 
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May-June 1976 issue, page 424: Caption under photcgraph (bottom of page) should 
read: Dr. John H. A. Lawrence, President, Canadian Anaesthetists' Society, honored 
guest at the 50th Congress Golden Anniversary Luncheon. 
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Influence of Pancuronium on Potassium Efflux 
Produced By Succinylcholine 


HALAPPA N. KONCHIGERI, MD* 
CHENG-HIN TAY, МОТ 


Chicago, Illinois 


Serum potassium (K^) levels were measured 
after thiopental, succinylcholine, pancuronium, 
and pretreatment with pancuronium prior to 
succinylcholine, in 100 patients divided into 4 
groups of 25 patients each. Significant increases 
in serum K* were found after succinylcholine 
(1 mg/kg). Administration of pancuronium in 
small doses (20 ng/kg) prior to succinylcholine 
(1 mg/kg) was effective not only in complete 


As but significant increase in plas- 
ma potassium (K^) level (0.25 to 0.8 
mEq/L) following succinylcholine admin- 
istration has been observed in normal anes- 
thetized patients. But extraordinary increase 
of K* (massive hyperkalemia) has been 
witnessed in patients with extensive burns,! 
massive trauma,? neuromuscular disor- 
ders, and tetanus,? leading to serious, 
even fatal cardiac arrhythmias and cardiac 
arrest. These reports have induced great in- 
terest in searching for preventive measures 
against succinylcholine hyperkalemia. Some 
investigators®:7-19 have studied the influence 
of pretreatment with d-tubocurarine and 
gallamine before succinylcholine adminis- 
tration and found beneficial effects in atten- 
uation of К° efflux after succinylcholine. 
These studies prompted us to pursue the 
course further in this area and study the 
effect of pretreatment with pancuronium on 
serum K^ changes produced by succinyl- 
choline. 


* Assistant Professor. 


Instructor. 


prevention of serum K* elevation but also pro- 
duced consistent decrease in serum K^ concen- 
tration below control values. Both thiopental 
and pancuronium produced moderate fall in 
serum K* levels. Our observations indicate that 
pretreatment with pancuronium may play a 
beneficial role in patients at risk from suc- 
cinylcholine hyperkalemia. 


MATERIALS AND METHODS 

Serum K* levels were measured during 
induction of anesthesia in 100 patients un- 
dergoing various elective surgical proce- 
dures. Patients were of both sexes, ranged 
in age from 17 to 87 years (average 44.7), 
and were of ASA physical status I or II. 
All were free from neuromuscular, cardio- 
vascular, acid-base, and electrolyte dis- 
orders. 


Preoperative laboratory work-up included 
hemogram, urinalysis, electrolyte measure- 
ments, chest x-rays, and ECG. 


Premedication.—Patients received atro- 
pine (0.4 to 0.6 mg) with or without the 
combination of morphine (0.1 mg/kg) or 
meperidine (1 mg/kg) IM approximately 
1 hour before anesthetic induction. 

Anesthetic Management.—The 100 pa- 
tients were divided into 4 groups of 25, 
according to technic of induction. All pa- 
tients received sodium thiopental (3 to 5 
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mg/kg), but patients in group I received 
no muscle relaxants during the study period, і = | 2 E ee 
group II was given succinylcholine (1 mg/ ei S S T7 
kg) prior to endotracheal intubation, group 51% l 
III received pancuronium (0.1 mg/kg), : 
and group IV received pancuronium (20 el, 
pg/kg) 3 minutes before administration of HSE Е = 5 
succinylcholine (1 mg/kg). The trachea was H T = E: 7 
sprayed with 4% (4 ml) lidocaine by LTA is 
Кі" before placement of the endotracheal 
tube in all but group I patients. Anesthesia | "Tue 
was maintained with 70. percent N.O and «|a uM ee S E oic 2 
О,, supplemented with either divided doses | H^ HA HV q^ LN 
of thiopental sodium or fentanyl during the | 
observation period. Respiration was either 
assisted or controlled to maintain the ade- Now t i215 O (912 со an 
. . . . М осоо «© < © MMS о ч e 
quacy of ventilation. Monitoring included 2 FlassSaASSHSSHS S 
pulse rate, blood pressure, respiratory rate, © WYS Cr VIMUS 
temperature, and ECG. 9 
Measurements.—Blood samples (venous) б | жоу 1p € i515 GB 0 5 
for K* estimation were obtained through a Ul Ж уе сс спо л> 
large-bore cannula placed in a vein from the me} ЕЕ: HA HA + A 
forearm opposite the one in which induc- 5 E 
tion agents were administered. Blood sam- o|= 
ples were drawn into heparinized syringes «|^ 852252828 ю ою 15 
immediately before induction of anesthesia, wlEX*|\SBcSSHSSHASSHS б 
and 1, 2, 3, 4, 5, 6, 7, 10, and 15 minutes $ : WA Ww WU NC 
after, the administration of succinylcholine о|® 
(groups II апа IV), pancuronium (group ш .0 = 
ПІ), and sodium thiopental (group I). Dur- г 2 5493592 55585 5 
ing the sampling period, fluid administration & — "i("ogeoogeéoowoo SF 
iiie: E s a HV HVS STAA ay ИХ 
was limited to minimal amount (less than D 
50 ml) of either 5% dextrose or normal + 
saline solution. Surgical incision was de- — 
layed until the completion of the sampling n 885 & 2S S38 83 © 
. . ul осоо соо оосо o о 
period. Blood gases were analyzed in 8 Е HA HV НА Н А 
patients of each group, selected at random, a4 
to monitor the adequacy of ventilation and Е 
речо. $| | 3s28282522229 в 
Serum K* was measured by ап Instru- o PI^ AA. um rom ^ TOR 
mentation Laboratories Flame Photometer r 
Model 343. Blood gases (Рао, and Paco.) 5 
and pH were determined by a Radiometer E sani iid ee UE 
Digital Acid-base Analyzer. 319 = S РЕ: tac S hes S ec = 
Statistical comparisons of the serum K* ч t uy Nu 
changes were made using Student's t-test 
for paired data. A probability of 0.5 per- E lass dh. MES Ut ш 3 
cent or less (p<0.05) was considered sig- E В 2 X S M. m 
nificant. ES m m Fi Fi 
RESULTS E 
Thiopental administration (group I) pro- 
duced a sustained fall in serum К” levels 
during the entire observation period. How- т £ te 
ever, the changes reached significant level | _ Ts T E t EZ 
(p<0.05) only at 1 and 4 minutes of т = «Se кси: 
the postinduction period. Mean maximum clad ессе eb oe = E 
change was —6.5% of the control value è 25 2 5 2992 25 98 
(table). SAE FES REG EER S 
) он OHaAUH AUR да 
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After succinylcholine administration 
(group II), there was a prompt rise in 
serum K* in 2 minutes, which remained sig- 
nificantly (p<0.05) elevated between 2 and 
5 minute intervals. Mean changes in K* 
values in group II were significantly higher 
than those in group I. Peak rise in К’ level 
was 12 percent (table). 


Pancuronium (group III) produced vari- 
able decrease in serum K* concentration, 
and changes were significantly lower than 
the control values during 1, 2, 5, 10, and 
15-minute sampling periods. No significant 
difference between groups III and II was 
found. Mean maximum drop in serum K' 
was 10.7% (table). 


Pretreatment with pancuronium before 
administraton of succinylcholine (group IV) 
resulted not only in complete prevention of 
rise in serum K* concentration but also in a 
milder degree of drop in serum K' levels. 
'The results were not significantly different 
from control values but were highly signifi- 
cant (p« 0.001) in comparison with group 
II (table). 


Fasciculations developed in all 25 pa- 
tients who received succinylcholine (group 
ID. Fasciculations were completely prevent- 
ed in 23 patients by pancuronium pretreat- 
ment (group IV). Mean changes in heart 
rate of —15 to +20 per minute, and sys- 
tolic blood pressure of —15 to +30, were 
recorded during the study period. Mean 
values of blood-gas results were: Pao», 153 
torr; Paco,, 38 torr; pH, 7.41. 


DISCUSSION 

In 1956, Paton!! demonstrated that the 
release of potassium from the isolated per- 
fused gastrocnemius cat muscle after suc- 
cinylcholine was about 1% of the potassium 
content of the muscle. He also confirmed 
that the muscle was the source of this po- 
tassium in his experiments. In intact ani- 
mals, there was a substantial (as much as 
30%) increase in serum K after succinyl- 
choline апа decamethonium administra- 
tion.5:? 


Succinylcholine, acting at the motor end- 
plate receptor site, decreases the transmem- 
brane potential and increases the ionic per- 
meability of Na* and K* in the process of 
depolarization. Rapid influx of Na' is fol- 
lowed by efflux of intracellular K', produc- 
ing elevated serum K* levels with an aver- 
age increase of 0.5 mEq/L in subjects with 
normal muscle.12-14 


Hyperkalemia following administration of 
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succinylcholine in patients with extensive 
burns, massive trauma, and neuromuscular 
disorders involving loss of motor function 
with resultant atrophy is believed to be the 
result of release of unusual amounts of K* 
from abnormal skeletal muscle. Gronert and 
colleagues!® reported a twentyfold increase 
in efflux of K* from the denervated muscle, 
while the efflux from normal muscle re- 
mained unchanged after succinylcholine. 
These observations are indicative of a 
change in receptor properties of the denerv- 
ated muscle. The receptor area of denerv- 
ated muscle progressively enlarges, until the 
entire surface membrane of muscle fiber de- 
velops greater sensitivity to a chemical de- 
polarizer. Succinylcholine depolarization of 
this entire supersensitive membrane will 
lead to massive release of intracellular K* 
into the circulation, producing abnormally 
high levels of serum K.'!3-15 


In contrast to depolarizing muscle relax- 
ants, nondepolarizing muscle relaxants 
(d-tubocurarine and gallamine) are found 
to produce either no change or a de- 
crease?.?.!6 in serum K* levels, both in man 
and animal studies. Bali and associates!? 
observed that decrease in serum K* concen- 
tration was more marked after pancuronium 
than after the other 2 nondepolarizing re- 
laxants. Gallamine and d-tubocurarine, 
when administered in small doses before 
succinylcholine, have been shown to effect 
beneficial attenuation of serum K-level 
гіѕе.2:7-9.1+.15 Although the exact mechanism 
for these effects is not well established, it is 
quite possible that nondepolarizing relax- 
ant drugs provide stabilization of muscle- 
cell membrane, decrease the number of de- 
polarizations at the motor end-plate, and 
help in intracellular influx of serum K'*.!* 


The present investigation indicates that 
barbiturates produce a sustained fall in se- 
rum К° levels. This finding is consistent 
with observations of other investigators.!7.1* 
There was an immediate rise in serum K* 
concentration after succinylcholine, which 
peaked at the 2-minute interval and re- 
mained higher than the preinduction value 
during the entire sampling period. How- 
ever, elevation in serum K* levels were sig- 
nificant only between 2 and 5 minutes of 
the postrelaxant period. Studies!" on the 
relationship between the induction agents 
and K+ efflux due to succinylcholine have 
revealed that there was a greater elevation 
of serum K+ levels with halothane than with 
thiopental when these agents were used for 
induction. At present, no explanation is 
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available for the changes related to induc- 
tion agents. 


Pancuronium kept the serum К” levels 
consistently lower than the control values; 
similar findings have been witnessed by 
other investigators.'° An interesting obser- 
vation was that pretreatment with pancuro- 
nium prior to succinylcholine (group IV) 
was successful, not only in complete preven- 
tion of the rise in serum K' levels, but also 
in maintaining the K' concentrations in 
serum below the control values during the 
study period. 


Acidosis or alkalosis can significantly af- 
fect serum K* measurements.!?.?^ In the 
present study, arterial blood gas and pH 
measurements were within normal limits 
and had no effect on serum K* determina- 
tions. 


We conclude that pancuronium pretreat- 
ment before succinylcholine administration 
results in complete attenuation of the rise 
in serum K* concentration. Similar measures 
may play a beneficial role in patients at 
risk from succinylcholine hyperkalemia. 
However, further studies are needed to con- 
firm our viewpoint. 
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Physostigmine Reversal of Sedation in Parturients 


DOUGLAS B. SMITH, MD* 
RICHARD B. CLARK, MD} 
STACY R. STEPHENS, MD 
ROBERT L. SHERMAN, MD 
MARSHALL L. HYDE, MDS 


Parturients in whom meperidine НСІ, propi- 
omazine HCl, and scopolamine were used for 
analgesia and amnesia in labor and delivery 
were studied to determine the efficacy and safe- 
ty of physostigmine reversal after delivery. Of 
a total of 120 patients, 108 received physostig- 


MALL doses of scopolamine combined 

with various analgesics and tranquiliz- 
ers have been found useful for pain relief 
during labor.!** Small doses of the pheno- 
thiazine, propiomazine, added as a narcotic 
adjuvant to minimal doses of meperidine, 
produce a sedated, amnesic, and comfortable 
patient. While our patients have been gen- 
erally satisfied with this regimen, their one 
complaint is that it is several hours before 
they are reactive enough to talk to their 
families and see their babies. 


Encouraged by reports of the safety and 
effectiveness of physostigmine,?!! an anti- 
cholinesterase capable of reversing the cen- 
tral effects of scopolamine and a variety of 
other drugs that may have anticholinergic 
activity, we have found Antilirium?, the 





**Actually, since the development of morphine- 
scopolamine "twilight sleep" at the turn of this 
century. Ed. 


mine salicylate at the completion of episiotomy 
closure, awakening in an average of 7.5 minutes 
compared with 137.8 in 12 controls. Physostig- 
mine appears to be a safe, rapidly effective 
agent for reversing the prolonged somnolence 
of this sedation regimen. 


salicylate of physostigmine, useful in pro- 
viding more rapid awakening of the sedated 
parturient. 


MATERIALS AND METHODS 

For clinical and statistical comparisons, 
physostigmine was given IV at the comple- 
tion of episiotomy closure to a series of 108 
normal parturients (mean age 24.2 years, 
mean weight 66 kg, 1st postpartum day) 
given fractional doses of meperidine HCl, 
propiomazine НСІ, and scopolamine for an- 
algesia and amnesia. When active labor be- 
gan, the 1st dose, comprising meperidine 
(50 mg), propiomazine (20 mg), and sco- 
polamine (0.6 mg), was given IV. Addition- 
al increments, usually one-half the original 
dose, were given IV as needed during labor. 
'The total dosage and the last dose of each 
drug given were recorded (table). 


Half of each group were primigravidas. 
Either pudendal block or local infiltration 
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TABLE 
Drug Dosage and Awakening Time in Control and Study Patients 


(Figures represent mean — 1 SD) 








Control group Study group 
Patients (N — 12) (N — 108) 
Total dose meperidine, mg 100 + 33.7 101.3 + 38.9 
Last dose meperidine, mg 29.2 + 9.7 30.2 + 10.4 
Total dose propiomazine, mg 40 + 13.5 40.2 + 15.35 
Last dose propiomazine, mg 11.7 = 8:0 12.3 + 4.2 
Total dose scopolamine, mg ы 0.4 1.0 + 0.8 
Last dose, scopolamine, mg 0.85 -- 0.1 0.4 + 0.1 
Physostigmine, mg — 2.0 + 0.6 
Time from episiotomy closure to awakening, minutes 137.8 + 49.6 7.5 + 12.8 





anesthesia was used for delivery. Physostig- 
mine was given immediately after closure of 
the episiotomy in a dose double the amount 
of scopolamine used during labor, as recom- 
mended by others.*:7:1! The time from episi- 
otomy closure until the patient was coherent 
enough to give her home phone number 
was recorded as the awakening time, and 
the results were compared with those of 12 
controls (mean age 22.6 years, mean weight 
66.7 kg), not given physostigmine. 


Arterial blood pressures and peripheral 
pulse rates were recorded immediately after 
episiotomy closure, before physostigmine ad- 
ministration and recorded at 2, 4, 6 minutes 
and 1, 2, and 24 hours after injection. In 
addition, such physostigmine side effects as 
nausea, vomiting, irregular pulse, salivation, 
and the complaint of being cold were noted 
(although temperatures were not recorded 
as part of the study). 


RESULTS 

Mean total doses of meperidine, propi- 
omazine, and scopolamine were similar in 
the 2 groups (table). This dosage schedule 
gave satisfactory analgesia and amnesia in 
all patients. Mean awakening time follow- 
ing episiotomy closure in the physostigmine 
group was 7.5 + 12.8 minutes, compared 
with 137.8 + 49.6 minutes in the control 
group, a highly significant difference 
(p<0.001, Student's t-test). 


Mean blood pressure was similar in both 
groups except at 60 and 120 minutes, when 
it was slightly lower in the physostigmine 
group; however, this slight drop was not 
believed clinically significant. While the 
mean pulse rate fell after episiotomy closure 
in each group, the drop was significantly 
greater in the study group at each time in- 


terval, falling from a mean of 91.8 + 14.7 
torr before physostigmine to a low of 75.6 + 
10.9 after 60 minutes. After 24 hours, blood 
pressures and pulse rates were similar in 
both groups. 


In the study group, the mean 1-minute 
Apgar scere was 8, with a range of 3 to 10, 
and 10.2% with a score below 7. In the 
control group, the mean was 8.2 with a 
range of 6 to 10, and 8.3% with a score 
below 7. 


Few sice effects were observed. Seven pa- 
tients in the study series (6.5%) and one 
in the control group (8.3%) developed a 
transient irregular pulse. One patient in the 
study group developed bradycardia (56 
bpm at 66 min). Seven patients in the study 
group complained of being cold upon awak- 
ening; one developed nausea; another cried; 
none experienced excessive salivation. 


DISCUSSION 

Scopol:mine, classified as an anticholin- 
ergic agent, competes with acetylcholine at 
the motc- endplate and in postganglionic 
neural synapses. Anticholinesterases such as 
physostigmine inhibit the hydrolysis of ace- 
tylcholine by cholinesterase, permitting pro- 
longed action and buildup of acetylcholine 
at these synapses. 


Bernards? has shown that physostigmine 
will arouse patients sedated with certain 
phenothi: zines such as chlorpromazine and 
thioridazme, although the mechanism of ac- 
tion is not clear. Thus, it is possible that 
the physostigmine not only reversed the 
scopolamine but also the propiomazine in 
our patieats. 


Physostigmine is totally eliminated from 
the body within 2 hours.?:!2 Unlike its ana- 
logue, neestigmine, it passes the blood-brain 
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barrier and readily affects central nervous 
tissue synapses.!? Hence, the patient, who 
has been completely unconscious during her 
labor and delivery, suddenly awakens when 
given this drug, looks around, and converses. 


Although our total meperidine and sco- 
polamine dosage was not as high as reported 
by some authors,!*.!? we have found it ade- 
quate for satisfactory analgesia and amne- 
sia. Only occasionally have we seen un- 
toward side effects. The mean dose of 2 mg 
of physostigmine was similar to that ziven 
in other studies. Our largest dose was 3.6 
mg. Smiler's group? gave 4 mg IV, while 
Goldner!5 gave 10 mg IM without untoward 
results. 


Anticholinesterases can cause bradycardia 
through muscarinic effects.!? Only 1 patient 
experienced this effect in our series. In pre- 
vious studies of physostigmine reversal of 
anticholinergic agents, only 1 other case of 
bradycardia has been reported.!! Atropine, 
which in a dose of one-half that of the ad- 
ministered physostigmine will reverse any 
side effect of physostigmine,!? was available 
if significant decrease in maternal pulse oc- 
curred but was never needed. 


Greene’ reported transient ectopic heart- 
beats secondary to physostigmine adminis- 
tration in 1/31 patients. The irregular pulse 
in 7 of our patients was also transient and 
was not dose related. These phenomena pos- 
sibly reflect the fact that anticholinesterase 
drugs can increase the conduction time in 
the heart. They can also cause a prolonged 
P-R interval, inversion of P waves, increased 
amplitude of the QRS complex, and in- 
creased height of T waves.!? We did not 
consider the cardiovascular changes in our 
study to be clinically significant. 


That 7 patients in the study series com- 
plained of being cold upon awakening was 
of interest. Forrer and Miller‘ noted a drop 
in temperature in some of their patients 
given physostigmine. It is known that sco- 
polamine will cause a rise in body tempera- 
ture, especially after high doses.!? Goldner! 
demonstrated an apparent reversal of high- 
dose scopolamine hyperthermia with physo- 
stigmine. Although excessive salivation was 
reported in one-half of Holzgrafe's series,!! 
none of our patients experienced this prob- 
lem. 
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Respiratory Distress With Left Aortic Arch, Right Descending 
Aorta, And Right Ligamentum Arterosum: A Case Report 


S. S. MOORTHY, MB, BS, MD* 
EDMUND A. FRANKEN, /ADT 
ALVIN M. LoSASSO, МО 
HAROLD KING, MD* 


Indianapolis, Indiana 


A 7-year-old girl manifested the rare anomaly 
of a ventricular septal defect (VSD) with left 
aortic arch, right descending aorta, and right 
ligamentum arteriosum. After open-heart sur- 
gery to correct the VSD, symptoms of tracheal 
obstruction on spontaneous breathing devel- 
oped, due to tracheal compression by the right 


ASCULAR rings associated with anoma- 

lies of the great vessels in the superior 
mediastinum are common and may assume 
many forms.:? In view of their close prox- 
imity to the trachea and esophagus, vascular 
rings can produce symptoms by compression 
of these vital passages. The presence of a 
left-sided aortic arch with a right-sided de- 
scending aorta and a right ligamentum arte- 
riosum is uncommon. Murthy's group* re- 
ported a case and reviewed 13 previously 
recorded cases. 


The present report describes a case of a 
7-year-old girl who had a ventricular septal 
defect (VSD), left aortic arch, right de- 
scending aorta, and right ligamentum arte- 
riosum. 'The ligamentum produced respira- 
tory distress by compression of the trachea 
and tracheomalacia. 
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tAssociate Professor, Department of Anesthesiology. 


ligamentum arteriosum. The compressed seg- 
ment of tae trachea was found to be thin and 
unstable following division of the ligamentum. 
Positive-p-essure breathing and continuous 
positive arway pressure breathing effectively 
splinted {ае patient's airway during the post- 
operative period, with recovery of the patient. 


CASE REPORT 


The pacient, admitted for repair of a large 
VSD, had undergone pulmonary artery 
banding with good results at 3 months of 
age. She had repeated respiratory tract in- 
fections with occasional croup, considered 
of infectious origin, and had been treated 
with digoxin for recurrent congestive heart 
failure. There was no history of dysphagia 
or chronie respiratory distress. 


The patient was underdeveloped, with 
normal vital signs. While the cardiovascular 
system revealed signs of VSD, other sys- 
tems showed no abnormalities. 


The P« chest roentgenogram showed car- 
diomegaly and increased pulmonary vas- 
culature. The aortic knob was not visualized 
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Fic 1. Diagram of the vascular anomaly. Arrow 
indicates ligamentum arteriosum with compression 
of trachea. AO = aorta; PA = pulmonary ariery; 
LSCA = left subclavian artery; LCA = left common 
carotid artery; RCA = right common carotid аг!егу; 
RSCA — right subclavian artery; LA — ligamertum 
arteriosum. 





Ес 2. Cineaortogram, PA projection: the retro- 
grade aortic catheter crosses the midline from right 
to left at the level of the 5th dorsal vertebra and 
enters the ascending aorta from the left. This initial 
cine frame. after supravalvar injection of contrast 
material] opacifies the ascending aorta (AA). 'The 
first brachiocephalic vessel is the right common 
carotid artery (RCA). 


but a right descending aorta could be iden- 
tified. On the lateral roentgenogram, »os- 
terior indentation of the trachea superior 
to the carina was noted. 


Aortography in PA and lateral projections 
demonstrated a left aortic arch with right 
descending aorta (figs 1-4). The operative 
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Fic 3. A later frame from the same injection as 
figure 2, showing the left common carotid (LCA) 
and left subclavian (LSCA) arteries originating 
from the aortic arch. The aortic arch is above the 
clavicle, and the distal left arch (arrows) extends 
inferiorly, to the right, and posteriorly (noted on 
the lateral cine, not illustrated), and joins the right 
descending aorta at the origin of the right sub- 
clavian artery. 





Fic 4. Injection of contrast medium in the distal 
arch confirms the junction of the arch and descend- 
ing aorta on the right at the origin of the right 
subclavian artery (RSCA). 


and anesthetic procedures involved meperi- 
dine, dimethyltubocurarine, N.O-O,, and 
cardiopulmonary bypass. The pulmonary 


Respiratory Distress . . . Moorthy, et al 


artery banding and the VSD were repaired. 
The origin of the aorta and pulmonary trunk 
were noted to be normal but the descend- 
ing aorta was found to be on the right side. 


Postoperatively, the patient was placed 
on an Engstróm volume ventilator with con- 
trolled ventilation. With the administration 
of 35% O., blood gases were Pao. 118 torr, 
Расо, 35.7 torr, pH 7.395, and base excess 
—1. On the morning of the 2nd postopera- 
tive day, the patient was tried off the ven- 
tilator, breathing 4097, O. via T-tube. With- 
in 2 minutes, she became restless, cyanotic, 
and showed signs of upper-airway obstruc- 
tion. The endotracheal tube was patent and 
the patient was returned to the ventilator. 


She was again tried off the ventilator sev- 
eral times in the next 24 hours without suc- 
cess, each time showing symptoms of upper- 
airway obstruction. Endoscopy under gen- 
eral anesthesia, using halothane-O. and a 
ventilating bronchoscope, revealed a 1-cm 
extrinsic, nonpulsatile compression of the 
trachea of the right and posterior side just 
above the carina, indicating compression by 
a vascular ring. 


On the 4th postoperative day, operation 
was performed through a right thoracotomy 
using fluroxene-N,O-O.. A ligamentum arte- 
riosum, 0.5 cm in diameter, was found to 
the right of the trachea, extending from the 
right pulmonary artery to the arch of the 
aorta, with the right recurrent laryngeal 
nerve around it. After division of the liga- 
ment, the trachea was found to be thin and 
easily collapsible at the site of compression 
(tracheomalacia) (fig 1). 


After operation, repeated attempts to 
wean the patient from the ventilator failed, 
the patient again manifesting signs and 
symptoms of upper-respiratory obstruction. 
An elective tracheostomy was done on the 
8th postoperative day. On the 10th post- 
operative day, she could be maintained for 
a few minutes off the ventilator with the 
use of continuous positive airway pressure 
(CPAP). Progressively, the periods on 
CPAP were increased, with final weaning 
from the ventilator. The patient could then 
be gradually weaned off the CPAP by the 
15th postoperative day. Throughout the 
postoperative course, the O, exchange was 
satisfactory. 


DISCUSSION 
'The association of a left aortic arch with 
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a right Gescending aorta is an uncommon 
anomaly, 2 cases associated with tetralogy 
of Fallot and 1 case not associated with 
cardiac amormality® having been reported 
in 1948. Klinkhamer! reviewed 8 cases іп 
1969, anc in addition reported 1 case of his 
own, notrx symptoms of tracheoesophageal 
compress«en in З of the 8 cases. While the 
course of #he transverse segment of the arch 
of the ao ta may be retroesophageal or pre- 
tracheal, сле former is more common. 


The vascular ring is formed on the left 
by the acetic arch, posteriorly by the trans- 
verse por ion of the aortic arch, to the right 
by the ligamentum arteriosum or patent duc- 
tus, апа = піегіогіу by the pulmonary ar- 
teries." S-anptoms due to vascular ring are 
usually manifest in the newborn or the 
elderly." 


In this anomaly, the ascending aorta is 
elongated with the aortic knob usually in 
the neck. The first branch is a right com- 
mon caro=id artery, followed by a left com- 
mon сагс d artery and left subclavian ar- 
tery. Berond the aortic knob, the aorta 
swings pesteriorly and to the right behind 
the esopEagus to join a right descending 
aorta. At this junction a right subclavian 
artery usally arises with a bulbous origin. 


Even toough our patient showed radio- 
logic еуіс=псе of tracheal compression pre- 
operative», there were no symptoms indic- 
ative of sostruction. She became sympto- 
matic folE»wing operation. 


Ductus arteriosus or ligamentum arterio- 
sum commonly lies on the same side of the 
body as ізе upper portion of the descending 
aorta. Ir the present case, bronchoscopy 
aided in #е localization of the site of com- 
pression. Surgical correction of the com- 
pressing l»sion has been helpful to alleviate 
the symp-oms and has been recommended 
by Gross* and by Neuhauser.? Tracheoma- 
lacia in = patient suffering from infectious 
polyneuri 5 with inspiratory obstruction, 
whose symptoms improved with temporary 
reinsertioa of an uncuffed cannula, has been 
reported. Our patient demonstrated tra- 
cheal wezkness just above the carina, and 
introduction of an endotracheal tube was 
prevented 5у the likelihood of carinal stim- 
ulation arz endobronchial intubation. 


Preoperstive evaluation of the trachea 
and esopl-gus by radiology is important in 
all cases with vascular anomalies in the 
mediastinam. Ligaments, vessels, and fi- 
brous bar-s or sheaths accompanying the 
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vessels and ligaments produce an obstruc- 
tion of the trachea and esophagus. Positive- 
pressure breathing and CPAP appear bene- 
ficial for treating the respiratory distress as- 
sociated with airway obstruction or tracheo- 
malacia in these cases. 
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Influence of Pancuronium or d-Tubccurarine on Circulatory 
Responses During Thiamylal-N,0-Falothane Anesthesia 


ROBERT K. STOELTING, MD* 


Circulatory responses after thiamylal (4 mg/ 
kg) and pancuronium (0.08 mg/kg, 20 patients) 
or d-tubocurarine (dTc, 0.5 mg/kg, 20 patients) 
followed by tracheal intubation and nitrous 
oxide-halothane administration were measured. 
Three minutes after thiamylal, the mean arte- 
rial pressure (MAP) and cardiac index (CI) 
decreased significantly only in patients receiv- 
ing dTc. Heart rate (HR) was increased 12 
bpm in both groups. The magnitude of reduc- 


(C meutatory changes may result from 
drugs used for anesthetic induction 
and maintenance and from the stimulation 
of tracheal intubation. In addition, competi- 
tive neuromuscular blocking agents may 
produce hemodynamic alterations. For ex- 
ample, in one report,! pancuronium (0.08 
mg/kg) increased mean arterial pressure 
(MAP), heart rate (HR), and cardiac out- 
put following rapid IV administration dur- 
ing N.O-halothane anesthesia, while 0.4 
mg/kg of d-tubocurarine (dTc) slightly in- 
creased HR and decreased blood pressure 
(BP), cardiac output, and systemic vascu- 
lar resistance (SVR). In view of the differ- 
ent circulatory responses produced by these 
two drugs, we speculated that the direction 
and/or magnitude of circulatory changes 
occurring during anesthetic induction, tra- 
cheal intubation, and anesthetic mainten- 
ance might be influenced by the choice of 
neuromuscular blocker. 


This study compares circulatory responses 
after thiamylal anesthetic induction, tra- 
cheal intubation, and subsequent anesthetic 
maintenance with N,.O-halothane in the 


tion in * AP and CI was similar and the HR 
was not rreatly different between groups after 
5 minutes of N.O-halothane administration. 


MAP апі CI were better maintained following 
thiamylz! in patients receiving pancuronium as 
compare3 with dTc. However, circulatory re- 
sponses during early anesthetic maintenance 
were no: irfluenced by the choice of neuromus- 
cular blecker. 


presence of either pancuronium or dTc 
paralysi. 
METHODS 

Forty adult patients without known heart 
disease and requiring elective operations 
were studied. All had received morphine (8 
to 12 mg) and atropine (0.4 mg) IM as 
preanes*hetic medication 60 to 90 minutes 
before eoeration. On their arrival in the 
operatirz room, a radial artery catheter was 
inserted percutaneously and attached to a 
strain тиде and recorder for continuous 
recordinz of MAP. Lead 2 of the ECG was 
recordec continuously. After breathing O, 
by mask for 3 minutes, awake MAP and 
cardiac cutput (dye-dilution method with 
indocyan ne green dye) were measured. 
Cardiac ndex (CI), stroke volume index 
(SVI), end SVR were calculated, while HR 
was measured from a 15-second portion of 
the ECG 


Twenty patients received pancuronium 
(0.1 mg*xg) as a bolus IV and the other 
20 patiects dTc (0.5 mg/kg). Thirty sec- 
onds afte neuromuscular blocker injection, 
anesthetse induction was accomplished in 
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all patients by the rapid IV administration 
of thiamylal (4 mg/kg). Ventilation was 
manually controlled by mask with O. with- 
in 15 seconds of thiamylal injection. 


Cardiac output was again measured 1 
and 3 minutes after thiamylal administra- 
tion. After the 3-minute measurement, the 
response to 3 seconds of continuous ulnar 
nerve stimulation (tetanus) was visually 
noted utilizing a peripheral nerve stimu- 
lator (Block-Aid? Monitor, 50 Hz). Direct 
laryngoscopy and orotracheal intubation 
was then accomplished. Laryngotracheal 
lidocaine (2 mg/kg) was administered just 
before placement of the tube in the trachea. 
Immediately following endotracheal intuba- 
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Data within and between the 2 groups 
were compared by Student's t-test, with 
p<0.05 considered statistically significant. 
This study was approved by the Indiana 
University School of Medicine Clinical Re- 
search Committee. 


RESULTS 
Patient data and drug dosages are sum- 
marized in table 1 and all other measure- 
ments are detailed in table 2. Awake MAP 
was not changed from control measurements 


TABLE 1 


Patient Data and Mean (= SE) 
Drug Dosages 


iT 





tion, ventilation was mechanically con- Pancuronium — — dTc 

trolled with 60% N.,0-0, (3:2) and about Number of patients 20 20 

1% delivered halothane. All measurements Age, years 40-3 42-4 

were repeated after 5 minutes of anesthetic Weight. k 66 +3 10-3 

maintenance with these drugs. Arterial blood Ер E : 

for blood-gas analysis and blood-halothane Neuromuscular blocker, 

levels were also obtained at this time. »bo X UMEN NU ET. 
TABLE 2 


Measurements Awake and After Drug Administration (Mean = SE) 


30 seconds after 
neuromuscular 


After 5 minutes 
N2O-halothane 


Minutes after thiamylal injection 








Awake blocker injection 1 3 administration 

MAP, torr 

Pancuronium 99+3 103 +3 933 93 +4 86 + 3* 

dTe 100 + 3 98 + 3 76 :—9*$ 82-E8*T 81+ 4* 
HR, bpm 

Pancuronium 78 + 4 90 + 4* 90 + 8* 86 + 3 85 + 8 

ате 78 + 5 82+ 6 90 + 4 92 24 82+ 3 
CI, L/min/m* 

Pancuronium 98,2 == 0.1 3.0 + 0.2 3.4 + 0.2 2.6; 0.2* 

атс 3.3 + 0.2 2.9 + 0.2 2.723-0.2*t -2.2 + 0.2* 
SVI, ml/beat/m* 

Pancuronium 41+ 4 33 + 4 39 + 2 81 == 2* 

dTe 42+3 32 £2" 207: 2* 28:2 2* 
SVR, torr/L/min/m* 

Pancuronium 913-2 9135/8 21:8 зге 2 

dTe 30 + 4 26 + 3 30+ 4 37 + 4 
Arterial halothane, 
mg/100 ml 

Pancuronium 6.2 + 0.6 

dTe 6.6 + 0.4 
Pao», torr 

Pancuronium Was: 9 

dTe 189 + 11 
Paco», torr 

Pancuronium SL == i 

dTe 31. 1 


*p<0.05 compared with awake measurement. 


+p<0.05 dTc compared with pancuronium measurement at same time. 


Circulatory Responses . . . Stoelting 


30 seconds after either pancuronium or dTc, 
but HR was increased after pancuronium 
(p«0.05). MAP was decreased an average 
of 24 torr (р<0.05) and 18 torr (p<0.05) 
1 and 3 minutes, respectively, after thi- 
amylal administration to patients receiving 
dTc. In contrast, MAP was not significantly 
decreased at these times following thiamylal 
administration to patients given pancuro- 
nium. Three minutes following thiamylal 
administration, CI and SVI were decreased 
(p<0.05) in patients: receiving dTc but 
not in those given pancuronium. 


Tracheal intubation between 3 and 4 min- 
utes following thiamylal administration was 
accomplished in all patients but intubating 
conditions were considered better in patients 
receiving pancuronium. Of 20 patients re- 
ceiving dTc, 17 coughed with placement of 
the tracheal tube, while only 2/20 coughed 
with pancuronium. The tetanus response to 
ulnar nerve stimulation was visually judged 
to be depressed at least 75% in 5/20 pa- 
tients receiving dTc and 14/20 receiving 
pancuronium. Despite similar durations of 
direct laryngoscopy, the MAP achieved in 
response to this stimulation was greater in 
patients receiving pancuronium than in 
those given dTe (140 versus 115 torr, 
p<0.05). 


Compared with awake measurements, 
MAP, CI, and SVI were decreased (p<0.05) 
in both groups after 5 minutes of controlled 
ventilation with 60% N.O and 1% halo- 
thane. Furthermore, MAP, HR, CI, SVI, 
and SVR at this time were not significantly 
different between groups. The arterial halo- 
thane concentrations and blood gases were 
similar in both groups. The halothane con- 
centrations were equivalent to 0.3 to 0.4 
vol/100 ml, assuming a blood/gas partition 
coefficient equal to 2.4. 


DISCUSSION 

Pancuronium (0.08 mg/kg) has been 
demonstrated to increase MAP, HR and 
cardiac output following rapid intravenous 
administration during nitrous oxide-halo- 
thane anesthesia while dTc (0.4 mg/kg) 
slightly increased HR and reduced blood 
pressure, cardiac output and SVR.! Con- 
ceivably, large doses of dTc combined with 
thiamylal for anesthetic induction could 
have an additive effect with barbiturate- 
produced circulatory effects, resulting in un- 
desirable degrees of hypotension. In con- 
trast, the circulatory effects of pancuronium 
might attenuate the circulatory response to 
barbiturate anesthetic induction. Indeed, 
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this study demonstrated that MAP and car- 
diac out did not change significantly in 
the firs’ З minutes after thiamylal adminis- 
tration to patients receiving pancuronium, 
as cont asted with significant reductions in 
these р> -ameters in patients given dTe. HR 
increased by similar amounts regardless of 
the neuromuscular blocker chosen, although 
the incase occurred sooner and was sta- 
tisticall significant only in patients receiv- 
ing parcuronium. 


IntuEsting conditions at the dose and time 
interval chosen in our study were better 
with pzmcuronium than with dTe. Other 
worker? have also reported more accept- 
able intaoating conditions with pancuronium 
than wth dTc. Perhaps a larger dose of 
dTc уса have provided more acceptable 
conditiars with this drug, although Bennett 
and assaciates,! using 0.12 mg/kg pancuro- 
nium or 9.6 mg/kg dTc, found no significant 
differen-» between the drugs for tracheal 
intubatinn. 


Desp® similar durations of direct laryn- 
goscopy the maximal MAP attained in 
response to this stimulation was significantly 
greater їп patients receiving pancuronium. 
Considesing the MAP at the start of laryn- 
goscopy the absolute increase in blood pres- 
sure wae 33 torr in patients receiving dTc 
and 47 -orr in patients given pancuronium. 
This decreased pressor response to laryn- 
goscopy and tracheal intubation might re- 
flect d™=2-produced autonomic ganglion 
blockad= which would be less with pan- 
curoniur.* 


Contrmiled ventilation with N.O-halo- 
thane may be associated with circulatory 
depression. We speculated that circulatory 
changes resulting from pancuronium might 
attenuat- subsequent responses during anes- 
thetic maintenance, while dTc might pro- 
duce ar additive depressant effect, espe- 
cially оз blood pressure. However, MAP, 
CI, and = VI were significantly reduced from 
awake measurements after 5 minutes of 
similar znesthetic maintenance in both 
groups. Furthermore, the MAP, HR, CI, 
БУТ, and SVR were not significantly differ- 
ent between groups, although CI was nearer 
awake measurements in patients receiving 
pancurox um. 


We ca: clude that MAP and CI are better 
maintaired following thiamylal anesthetic 
inductio in patients receiving prior pan- 
curoniur3 as compared with dTc. Intubating 
conditioas at the drug dosages and time in- 
tervals =лоѕеп in this study were better 
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with pancuronium than dTc. Blood pressure 
increased more in response to laryngoscopy 
and tracheal intubation in patients receiving 
pancuronium. Circulatory changes after con- 
trolled ventilation for 5 minutes with N.O- 
halothane did not seem to be altered by the 
presence of pancuronium or dTc paralysis. 
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PROPRANOLOL WITHDRAW AL. The authors measured the persistence of propranolol 
in plasma and atrial tissue following drug withdrawal, tested for residual beta-adrener- 
gic blockade with isoproterenol and determined the plasma disappearance rate following 
a single intravenous dose to treat intraoperative dysrhythmias. In 34 patients with- 
drawn from chronic propranolol therapy 18-48 hours preoperatively, propranolol was 
detected in the plasma of 9 and in atrial tissue of 5. Following bolus, intravenous 
isoproterenol, 3 ug, heart rate increased greater than 20 beats/min in all patients with- 
drawn from propranolol at least 18 hours preoperatively as well as patients never 
having received propranolol. The highest plasma propranolol was 23 ng/ml in a patient 
taking 300 mg/day orally. These data suggest that concern about persisting beta 
blockade after oral propranolol withdrawal need arise only in patients taking doses 
greater than 300 mg. Furthermore, any questions concerning persisting blockade 
could be resolved by administering 3 ир isoproterenol and observing the heart rate 
response. Propranolol was not detectable in the plasma or atrial tissue 5 minutes 
after a single intravenous 0.5 mg injection. The authors conclude that early preopera- 
tive withdrawal (greater than 24 hours) of propranolol in patients with coronary artery 
disease may be more hazardous than beneficial. (Romagnoli A, Keats AS: Plasma 
and atrial propranolol after preoperative withdra wal. Cir 52:1123-1127, 1975) 
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Spinal Anesthesia: Bupivacain2 Versus Tetracaine 


A. EUGENE PFLUG, М®* 
GEORDIS M. AASHEIM, MD} 
HAROLD A. BECK, Bst 


Seattle, Washington: 


The clinical effects of equal hyperbaric doses of 
bupivacaine НСІ and tetracaine НСІ were stud- 
ied and compared in 99 adult men undergoing 
spinal anesthesia for similar surgical proce- 
dures. The spinal anesthetic agents were used 
in random order in various dosages. Compari- 
sons were made of (1) amount of anesthetic 
agent used, (2) elapsed time for onset of anal- 
gesia, (3) elapsed time for obtaining maximum 


O= ОЕ the objectives of research involv- 
ing local anesthetics for regional anes- 
thesia is the prolongation of the duration of 
sensory anesthesia without an increase in 
adverse effects or toxicity. Bupivacaine 
(Marcaine®) extends the duration of sen- 
sory anesthesia without increasing toxicity 
when used for peridural or peripheral nerve 
blocks.! Spinal anesthesia with bupivacaine 
is reportedly efficacious and ѕаѓе,2* and 
may be of longer duration than subarachnoid 
block with tetracaine (Pontocaine®). 


The objective of our study was to com- 
pare the observed clinical properties of 
bupivacaine spinal anesthesia with those of 
a conventional tetracaine spinal, using equal 
hyperbaric doses for similar surgical condi- 
tions. 


METHODS 


Ninety-nine adult men were studied for 
24 hours after spinal anesthesia for elective 


* Assistant Professor. 
TAssistant Professor. 
Medical Student. 


anestheszi (4) cephalad dermatome level of 
anesthesS, (5) incidence of motor blockade, and 
(6) duraion of anesthesia. Results with the 2 
drugs in-equal dose, volume, and specific grav- 
ity were almost identical. However, tetracaine 
provided a motor block ina significantly greater 
number =f patients than did bupivacaine (100 
versus 42%, p<0.001) when both drugs were 
used at фе 9.75-mg dose level. 


surgery. Prior informed consent was ob- 
tained fom each. Patients were accepted 
for stud. if they were without infection of 
tissues ia the lumbar area, evidence of hypo- 
volemia. uncontrolled systemic disease, or 
history ef cerebrospinal-system disease. 


Ninet-nine numbered vials| were ar- 
ranged т random order, each containing 15 
mg of &ther bupivacaine or tetracaine in 
5 percert glucose solution within a total 
volume f 2 ml. The resultant solutions con- 
tained 75 mg/ml of local anesthetic agent 
of the zime volume and specific gravity, 
which allowed direct comparison of the 
drugs. Dosage was based on age, weight, 
height, shysical condition, and anesthetic 
and surgical procedures, these factors being 
standarGzed in grouping, so far as possible. 


The more anxious patients (11 receiving 
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tetracaine, 7 receiving bupivacaine) received 
preoperative medication consisting of 5 or 
10 mg of IM diazepam, depending on size 
and age. All patients had an IV infusion 
started with an 18 or 16-gauge plastic cath- 
eter, blood pressure cuff applied to an arm, 
and leads connected to a cardioscope moni- 
tor. Standard lumbar paramedian spinal 
anesthesia was administered with a 22- 
gauge needle while the patient was in the 
left lateral recumbent position. Mephenter- 
mine 1 ml (30 mg) was injected through the 
skin wheal used for insertion of the spinal 
needle into the perispinal muscles immedi- 
ately following injection of the local anes- 
thetic agent into the subarachnoid space. An 
IV infusion of 500 to 700 ml of lactated 
Ringers solution was completed prior to 
injection of the spinal anesthetic agent. The 
mephentermine and IV fluids were used to 
help prevent the vascular hypotension which 
can be associated with spinal anesthesia. 
The operating table was flexed (patient's 
legs elevated, back horizontal) to help pre- 
vent backache, which often follows the pro- 
longed supine position, and to promote ve- 
nous return from the legs. 'The entire table 
was further manipulated to obtain the de- 
sired dermatome level of analgesia. 


Spinal anesthesia was supplemented by 
intermittent IV diazepam (5 to 10 mg) or 
thiamylal (50 to 75 mg) for sedation after 
maximai regional anesthesia had been ob- 
tained (10 patients in the bupivacaine group, 
16 patients in the tetracaine group). Nasal 
O. was administered during the operative 
procedure when indicated by age or chronic 
disease. Measured blood loss was replaced 
intraoperatively in addition to maintenance 
fluids to help prevent vascular hypovolemia. 


The following observations were made: 
(1) amount of anesthetic agent used, (2) 
time anesthetic agent was injected, (3) time 
of onset of analgesia, (4) time maximum 
surgical anesthesia was obtained, (5) pres- 
ence or lack of motor function blockade of 
the legs, (6) highest dermatome level of 
maximum anesthesia, (7) time of onset an- 
esthesia regression, and (8) time anesthesia 
regression was complete (table). Blood pres- 
sure, pulse, and respiration were monitored 
at the following times: preoperatively on 
the ward, preoperatively in the operating 
room, intraoperatively at 5-minute intervals, 
and postoperatively at 10-minute intervals 
until sensory sensation had fully returned. 
Drugs and amounts used to supplement 
spinal anesthesia were recorded intraopera- 
tively and quality of surgical anesthesia 
assessed postoperatively. 
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Onset of analgesia was defined as loss of 
sensory sensation to pinprick in the supra- 
pubic area, and surgical anesthesia as loss 
of sensory sensation to skin-fold clamping 
with an Allis forceps to the first rachet. 
Motor blockade was arbitrarily defined as 
the inability to straight-leg raise the heels 
off the operating table. Maximum surgical 
anesthesia (Allis forceps) was equated with 
the time cephalad dermatome progression 
of anesthesia ceased, onset of regression as 
the time the dermatome level of anesthesia 
started moving in a caudad direction, and 
complete regression as the time sensation 
returned in the suprapubic area (Allis for- 
ceps). Anesthesia was rated as satisfactory 
when the patient did not complain of pain 
during the operation or the surgeon com- 
ment negatively about anesthetic conditions. 


The key to the identity of all numbered 
vials was opened at the completion of the 
study for analysis of results. Statistical sig- 
nificance was determined by Student's t-test 
for paired data. 


RESULTS (table) 

No significant difference was noted be- 
tween mean values for the tetracaine and 
bupivacaine groups for age and height. How- 
ever, the mean kilogram weight of the pa- 
tients receiving the 15 mg tetracaine anes- 
thesia was significantly greater than the 
corresponding value for the bupivacaine 
group (84.5 versus 71.5 kg, p<0.01), and 
the mean mg/kg local anesthetic dose re- 
ceived by the patients in the 15 mg bupiva- 
caine group was significantly greater than 
the corresponding amount for the tetracaine 
group (2.2 versus 1.8 mg/kg, p<0.01). 


'These differences did not, however, sig- 
nificantly prolong the duration of the 15 
mg bupivacaine spinal anesthesia compared 
with 15 mg of tetracaine, results obtained 
with the 2 drugs in equal dose, volume, and 
specific gravity being almost identical. No 
significant difference was found between the 
mean values for time of onset, time of maxi- 
mal anesthesia, dermatome level of anesthe- 
sia, or duration of spinal anesthesia pro- 
duced by equal amounts of bupivacaine and 
tetracaine. 


The only difference noted in comparing 
the 2 drugs was in the incidence of motor 
function blockade. Tetracaine provided a 
motor block in a significantly greater num- 
ber of patients than did bupivacaine (100 
versus 42%, p<0.001) when both drugs 
were used at the 9.75 mg dose level. Both 
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TABLE 


Values for Characteristics of the Patients Stueied Plus Clinical Properties 
of the Spinal Anesthesia Provided by Вирїуа»вїпе (B) and Tetracaine (T) 
at Various Dose Levels (Mean + SE) 











low dose Medium dose High dose Combined 

gies T B r B T B T B 
N 13 13 12 12 19 21 50 49 
Dose, mg 7.5 7.5 9.75 9.75 15 15 10.9 ule 
Dose, mg/kg 0.96 0.98 1.5 1.4 1.8 2.2* 1.5 1.6 
SE +0.05 +0.04 +0.06 +0.12 +0.08 +0.08 +0.07 +0.09 
Age, yr 57 64 58 63 55 66 59 65 
SE +52 +41 sep. T +4.0 +4.8 +3.6 +271 x21 
Weight, kg 82 78 67 73 85* 12 16 73 
SE +4.8 +3.2 +2.6 +5.3 +3.9 $2.7 +2.5 +2.0 
Height, cm 177 176 175 180 180 175 177 176 
SE 19 +1.6 +2.9 +1.8 3-15 -P1:6 = 11 +1.0 
Onset, mint 3.2 4.2 2.9 37 9:2 2.6 3.0 3.3 
SE +0.5 +0.6 50.2 +0.5 +0.3 +0.2 +02 +03 
Max, min 15.2 12.9 12.9 12.8 18.1 12.8 13.7 12/7 
SE +14 +0.8 madi l +1.1 +1.0 =e В +0.6 +0.6 
Level, ћогасіс$ 9 8 8 9 7 7 8 8 
SE +0.4 +0.7 +0.6 +0.5 +0.4 +0.4 +0.3 +0.3 
Percent motor! 62 ^ 46 100 42** 90 71 84 57 
SE +0.1 +0.1 +0.0 +0.2 3-0. +0.1 09 +0.1 
Кертеѕѕіоптт 72 74 84 78 110 113 88 90 
Start, min +6 +8 +T zem +6 +8 +4 +5 
Regressiontt 142 121 164 143 189 198 163 159 
Complete, min +14 13 +17 #11 +8 zer ЕЕС +8 


*p<0.01. 
yOnset = time of onset suprapubic analgesia. 
iMax = time cephalad dermatome progression of anesthesia cessed. 
$Level = highest dermatome level of anesthesia. 
| Percent motor = percent of patients with leg paralysis. 
**p<0.001. 
TrRegression start = elapsed time from injection of anesthetic=gent to time the dermatome level of anes- 
thesia started moving in a caudad direction. 


ifRegression complete = elapsed time from injection of anes'hetic agent to time sensation returned to 
suprapubic area. 


bupivacaine and tetracaine provided satis- hypoteasion were easily reversed by the use 
factory spinal anesthesia for all the surgical of increased IV fluids and IV ephedrine. 
procedures studied. Tetracaine was used for Опе p. tient developed a headache after 
spinal anesthesia for the following opera-  tetracame, which resolved with conservative 
tions: urology (other than intraperitoneal) treatment. 

39, perineum 4, orthopedic (hips and legs) DISCUSSION 

4, inguinal hernia 3. Spinal anesthesia with Reparted results of bupivacaine peridural 
bupivacaine was used for urology 37, peri- anesthesia indicate a longer duration of 
neum 2, orthopedic 8, and inguinal hernia 2. block taan a similar block with tetracaine.! 
Hypotension (20% decrease in systolic Bupiva-aine might be expected to also pro- 
blood pressure from preoperative level) was long duration of spinal anesthesia, but such 
noted in 3/99 anesthetic procedures, all in prolongstion was not revealed by our study 
the bupivacaine group. These episodes of (table when the 2 drugs were compared on 
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a milligram-to-milligram basis. However, 
the duration of spinal anesthesia was in- 
creased 33 and 63% by doubling dosage of 
both agents (7.5 versus 15 mg), without 
changing the time of onset, time of maxi- 
mum anesthesia, or thoracic dermatome 
level of anesthesia (table). 


In 321 cases of orthopedic and trauma 
surgery, Ramaioli and Pagani? found that 
10 mg of 195 bupivacaine without adrena- 
lin provided 135 minutes of spinal anes- 
thesia for hip and femur operations, which 
compares favorably with our duration of 
143 minutes for a similar dose. Comparison 
of the duration of spinal anesthesia between 
various studies is difficult due to lack of 
standardization of the manner and site of 
testing for termination of anesthesia. Our 
arbitrary choice of Allis forceps clamping 
in the suprapubic area as the endpoint of 
anesthesia cannot be compared with tests 
for duration of anesthesia in ankle or foot 
surgery. 


Ramaioli and Pagani also found that dur- 
ation of spinal anesthesia was a function of 
milligram dose of local anesthetic agent, 
reporting that bupivacaine anesthesia of 135 
minutes with 10 mg increased to 350 min- 
utes with 40 mg. Their maximum duration 
was 480 minutes (8 hours of spinal anes- 
thesia) produced by 40 mg of bupivacaine 
and 0.5 mg adrenalin for leg and foot oper- 
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ations (16 cases) without apparent increase 
in adverse or toxic effects. 


Lack of complete muscle paralysis in the 
area of spinal anesthesia may be desirable 
for obstetric or urologic anesthesia when 
abdominal muscle contraction by the patient 
is helpful, as in obstetric delivery or spon- 
taneous-voiding x-ray. However, bupiva- 
caine spinal anesthesia, regardless of dose, 
did not always provide a reduced motor 
blockade, but did provide in all cases satis- 
factory muscle relaxation for inguinal hernia 
repair. 


We conclude that the results obtained 
with bupivacaine and tetracaine spinal an- 
esthesia are clinically the same (except for 
an occasional decreased motor block with 
bupivacaine) when equal hyperbaric doses 
are used for similar surgical conditions. 
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Anaphylaxis: Etiology and Guidelines for Management 


DEAN H. MORROW, МС* 
ROBERT R. LUTHER, МГ 


The successful management of anaphylaxis re- 
quires a thorough understanding of this syn- 
drome and the application of various therapeu- 
tic agents. Although the mechanisms respon- 


HE term “anaphylaxis” was introduced 

by Poitier and Richet in 1902 to de- 
scribe the syndrome of shock and subse- 
quent death which occurred in dogs fol- 
lowing reinjection of the poison of the sea 
anemone.! Since that time, use of the term 
has broadened to include unusual or exag- 
gerated hypersensitivity reactions to a vari- 
ety of drugs and other substances." Of par- 
ticular importance to the anesthesiologist is 
the fact that anesthetic agents,** anesthesia 
adjuncts,®:!° and other materials to which 
the patient may be exposed during opera- 
tion!!-!5 are now known to be capable of 
producing anaphylaxis. 


Although the precise mechanisms under- 
lying human anaphylaxis are not fully 
known, sufficient data are available to sup- 
port a clinically useful explanation and basis 
for therapy. These considerations constitute 
the basis for this review, which is presented 
to aid the anesthetist dealing with anaphy- 
laxis in his practice or as a member of the 
team responding to this medical emergency. 


I. The Theoretic Basis for Anaphylaxis. 


Systemic anaphylaxis is the most dramat- 
ic and dangerous hypersensitivity reaction 
and may cause death within minutes. This 
syndrome consists of a highly variable symp- 
tom complex including at least some of the 
following: conjunctivitis, vasomotor rhini- 
tis, pilomotor erection, pruritic urticaria, 
angioedema, various gastrointestinal disturb- 


sible for аштап anaphylaxis are not fully 
known, suficient data and clinical experience 
are available to guide the anesthesiologist 
faced with this medical emergency. 


ances, lar-ngeal edema, bronchospasm, hy- 
potension, arrhythmias, cardiac arrest, coma, 
and death. In fatal anaphylaxis, physiologic 
disturbances of the cardiovascular and re- 
spiratory systems predominate and frequent- 
ly occur early. 


The clinical signs, severity, progression, 
and durat:on of an anaphylactic reaction are 
highly unoredictable. The initial signs and 
symptome do not necessarily reflect the 
severity, duration, or ultimate progression 
of the rea-tion. Anaphylaxis may be limited 
to a singe symptom or may progress to 
cardiovaseular and respiratory collapse 
within miautes. Fatal anaphylaxis may oc- 
cur without milder premonitory symptoms 
and may ое manifest only by rapidly pro- 
gressive laryngeal edema and profound car- 
diovasculer collapse, refractory to all treat- 
ment. 


The duration of a reaction and any of its 
componerts varies from minutes to a day 
or longer Appropriate immediate therapy 
may term. nate the entire symptom complex 
quickly; bowever, laryngeal edema and hy- 
potension may persist for hours or days 
despite aopropriate therapeutic measures. 
Death mzy intervene at any time. Because 
the clinical spectrum of anaphylaxis is as 
wide as patient responses are variable, any 
systemic manifestation must be considered 
the forerenner of a potentially lethal pro- 
cess and ће treated vigorously. 
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Anaphylactic reactions may occur follow- 
ing the administration of an exogenous anti- 
genic stimulus. The time from antigenic 
challenge to the onset of a reaction is vari- 
able but typically occurs within 30 minutes. 
On the other hand, delays of an hour or 
more are possible, depending upon various 
factors, including the rate at which the 
antigen reaches the circulation. 


The physiologic alterations of systemic 
anaphylaxis are mediated by various endog- 
enous, pharmacologically active agents, the 
release of which is the result of complex 
antigen-antibody interactions at the cellular 
level. Anaphylaxis may occur in any sub- 
ject appropriately sensitized to a particular 
antigen. Importantly, negative skin testing, 
negative history, and uneventful previous 
exposures to the antigen do not preclude the 
possibility of an anaphylactic type of reac- 
tion.!5 


When a susceptible individual is first ex- 
posed to a specific antigen, antigen-specific 
immunoglobulin E (IgE; reagin) antibodies 
are formed which will interact only with 
that particular antigen. These IgE antibod- 
ies are cytophilic and selectively attach to 
the cell membranes of circulating basophils 
and tissue mast cells. Subsequent exposure 
to the specific antigen results in an antigen- 
antibody interaction believed to be initiated 
by the bridging of 2 adjacent IgE molecules 
on the membranes of those cells. This bridg- 
ing induces a complex series of intramem- 
brane and intracellular events, which cul- 
minate in the release of histamine and the 
slow-reacting substance of anaphylaxis 
( SRS-A) from the cell. These mediators in 
turn may directly elicit local and systemic 
pharmacologic effects, cause the release of 
other mediators, or activate reflexes that 
ultimately produce the clinical picture of 
anaphylaxis. 


The Role of Histamine.—Histamine is 
found in several mammalian tissues. In man, 
the presence of histamine in mast cells and 
basophils is most important. Histamine can 
cause bronchial constriction, increased ca- 
pillary permeability, and vasodilation. Ex- 
perimentally administered histamine pro- 
duces rhinitis and bronchoconstriction, as 
well as headache, pruritus, blushing, and 
hypotension. By virtue of its presence in 
the metachromatic granules (as a protein- 
heparin-histamine complex) of mast cells 
and basophils, and the physiologic responses 
it elicits, histamine is believed to be a major 
mediator of anaphylaxis. The end-organ re- 
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sponses to histamine can be moderated or 
blocked by pharmacologic doses of antihis- 
tamine given before the histamine is re- 
leased. 


Slow-Reacting Substance.—SRS-A, a lip- 
id synthesized and released in response to 
the antigen-antibody interaction, causes con- 
striction of bronchial smooth muscle in 
vitro and has been shown to increase capil- 
lary permeability (wheal formation) after 
intracutaneous injection. Experimentally, 
SRS-A is released from human lung (rich 
in mast cells) which has been pretreated 
with IgE and then challenged either with 
anti-IgE or specific antigen. Since SRS-A 
can be released from immunologically chal- 
lenged human lung, and because of its phar- 
macologic action on bronchial smooth mus- 
cle, it is believed to play an important role 
in human allergic asthma and perhaps ana- 
phylaxis. 


The origin of SRS-A released following 
an immunologic challenge is not known with 
certainty but is presumed to be mast cells 
and basophils. SRS-A release is enhanced 
by cholinergic agonists and can be moder- 
ated or blocked experimentally by anticho- 
linergic agents. Whether anticholinergic- 
related alterations in the release of SRS-A 
have a place in the treatment of human 
anaphylaxis has yet to be clarified. 


This release of chemical mediators is an 
energy-dependent process related to altera- 
tions in the levels of intracellular cyclic ade- 
nosine-3’5’-monophosphate (cAMP). Beta- 
adrenergic agonists, for example epineph- 
rine, isoproterenol, and other agents which 
activate the cell membrane-bound adenyl 
cyclase system, cause an increase in intra- 
cellular cAMP and inhibit the release of 
histamine and SRS-A. Similarly, mediator 
release is inhibited by the methylxanthines, 
which reduce the degradation of cAMP by 
phosphodiesterase and thereby increase in- 
tracellular cAMP levels. Conversely, inter- 
ventions capable of decreasing intracellular 
cAMP enhance the release of histamine and 
SRS-A. The specific intramembrane and in- 
tracellular biochemical processes underlying 
these inverse correlations, however, have not 
been defined. 


II. Treatment of the Anaphylactic Syn- 
drome. 


Anaphylaxis must be promptly and vigor- 
ously treated. While the anesthesiologist 
may be familiar with the drugs used to treat 
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TABLE 1 
Drugs Useful in Treating Anasnylaxis 


Drug class/agents Physiologic action 


Indication 





1. Adrenergic agonists 


Epinephrine Alpha and beta agonist 

Isoproterenol Beta agonist 

Methoxamine Alpha agonist 

Ephedrine Alpha and beta agonist 

Metaraminol Alpha and beta agonist 
2. Methylxanthines 

Aminophylline Bronchiolar dilation 


3. Anticholinergics 


Atropine ? inhibit release of 
mediators 
Scopolamine ? inhibit release of 


mediators 
4. Antihistamines 
Diphenhydramine 


5. Corticosteroids 


Hydrocortisone Unknown 


Adapted from Kelly and Patterson.'* 


anaphylaxis, he may not be thoroughly fa- 
miliar with their application in this poten- 
tial catastrophe. 


A. General Pharmacologic Principles. 


The therapy of anaphylaxis is based on 
empiric clinical effectiveness and, more re- 
cently, some understanding of the funda- 
mental actions of 5 general classes of drugs: 
(1) adrenergic agonists, (2) methylxan- 
thines, (3) anticholinergics, (4) antihista- 
mines, and (5) corticosteroids (table 1). 


1. Adrenergic agonists.— These are agents 
which evoke physiologic responses similar to 
those produced by efferent sympathetic 
(adrenergic) nerve activity. They are further 
categorized on the basis of their physiologic 
effects. Adrenergic agents producing pri- 
mary effects on the heart and lungs are 
classified as beta agonists; those producing 
primary effects on the peripheral vasculature 
are classified as alpha agonists. Some agents 
produce both effects and are said to have a 
mixed action. 


With reference to anaphylaxis, useful 
beta-agonistic responses include bronchodi- 
lation, increased myocardial contractility, 


Histamine blockade 


EIMEDIATE AND INITIAL TREAT- 
HENT OF ALL ANAPHYLACTIC 
EZACTIONS 

E-onchospasm and hypotention with 
w cardiac output 


Hypotension with decreased peripheral 
~ascular resistance 


Uy potension and laryngeal edema 
Hypotension 


Bronchospasm not reversed by 
*pinephrine 


às preoperative prophylaxis 


*s preoperative prophylaxis 


*LL ANAPHYLACTIC REACTIONS 
SOLLOWING EPINEPHRINE AD- 
MINISTRATION. 


2 as preoperative prophylaxis 


*naphylaetie reactions refractory to 
above therapies, especially persistent 
>oronchospasm or hypotension. 


7 as preoperative prophylaxis 


increased heart rate, and constriction of the 
muscula- arterioles with redistribution of 
blood tc the central circulation. Beneficial 
alpha-agznistic responses include cutaneous, 
mucosal and splanchnic vasoconstriction 
with inc-eased total systemic vascular resist- 
ance. The increased myocardial contractility 
and hea-t rate increase cardiac output, which 
in combmation with the increased total sys- 
temic vascular resistance elevates blood 
pressure and improves perfusion. 


A spectrum of adrenergic agonistic drugs 
is available for treatment of anaphylaxis. 
These renge from isoproterenol, a pure beta 
agonist, to methoxamine, a drug producing 
pure alpha stimulation. However, epineph- 
rine, a Crug with mixed action, is the agent 
of choice for the early treatment of ana- 
phylaxis. The precise mechanisms responsi- 
ble for the efficacy of epinephrine in revers- 
ing rhinitis, urticaria, bronchoconstriction, 
and hypotension during anaphylaxis are not 
known. However, these beneficial therapeu- 
tic effe-s are attributed to concomitant 
beta- and alpha-agonistic effects on the 
heart, lengs, and peripheral vasculature, in 
additior to a beta-effector-mediated increase 
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in the intracellular cAMP of mast cells and 
basophils. 


As developed above, increased intracellu- 
lar cAMP is correlated with a reduction in 
the release of histamine and SRS-A. The 
importance of the cellular effect of epineph- 
rine in treating anaphylaxis probably de- 
pends on the stage of anaphylaxis at which 
the drug is administered. Early in the clini- 
cal syndrome, epinephrine should effectively 
decrease mediator release. After maximal 
mediator release has occurred, however, epi- 
nephrine would be less beneficial. 


Other adrenergic-agonistic drugs that may 
have a place in treating anaphylaxis, par- 
ticularly in patients in whom the use of 
epinephrine is contraindicated because of a 
concurrent medical problem, are listed in 
table 2. For example, in an elderly patient 
with advanced coronary atherosclerosis and 
myocardial ischemia, the selective alpha- 
effector response of methoxamine might be 
considered therapeutically preferable to epi- 
nephrine to treat hypotension secondary to 
anaphylaxis. However, in deciding to use 
this agent to avoid the cardiac stimulation 
of epinephrine, one would have to accept 
loss of beta-mediated effects on the bron- 
chial smooth muscle, as well as the effects 
of epinephrine in decreasing histamine and 
SRS-A release. 


Similarly, profound bronchospasm with- 
cut hypotension might best be treated by 
the pulmonary beta-effector action of iso- 
proterenol causing bronchiolar dilation. In 
this instance, however, diligent ECG moni- 
toring would be obligatory to detect cardiac 
arrhythmias that may result from isopro- 
terenol administration. 


Patients under therapy for intercurrent 
medical problems which might preclude or 
alter the anticipated responses to epineph- 
rine and other adrenergic-agonist agents 
should also be considered carefully. For ex- 
ample, hypertensive patients under treat- 
ment with the adrenergic neuronal blocking 
agents reserpine or guanethidine might ex- 
hibit accentuated beta- and alpha-adrener- 
gic physiologic responses to usual doses of 
epinephrine. Similarly, patients in whom 
beta blockade had been established by the 
administration of propranolol might require 
unusually large doses of epinephrine to ob- 
tain relief of bronchospasm and/or enhanced 
cardiac activity during the treatment of ana- 
phylaxis. As with any form of treatment, 
the selection of subjects is dependent upon 
medical judgment. 
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2. Methylxanthines.— Intravenous methyl- 
xanthines, in particular aminophylline, have 
been found useful in the treatment of ana- 
phylaxis. This use is based on the ability of 
these drugs to relax bronchiolar smooth mus- 
cle and to increase cardiac output. Thus, 
these actions of the methylxanthines mimic 
the beta actions of the adrenergic agonists. 
The xanthines are more effective in decreas- 
ing pathogenic bronchospasm, such as that 
induced by histamine, serotonin, or acetyl- 
choline, although the mechanism for this 
action is not known.18 


These agents increase cardiac output 
through a direct action on myocardial con- 
tractility. At the peripheral vascular level, 
the xanthines produce vasodilation. In any 
given patient, the systemic arterial blood 
pressure response is determined by the de- 
gree to which augmented cardiac output 
compensates for the xanthine-induced de- 
crease in peripheral resistance. This hemo- 
dynamic interaction is of particular impor- 
tance in deciding whether to use xanthines 
in anaphylactic situations, including both 
bronchospasm and hypotension. 


At the cellular level, the methylxanthines 
are known to inhibit phosphodiesterase, the 
enzyme responsible for the degradation of 
cAMP. By virtue of this action, xanthine 
administration is followed by increased in- 
tracellular cAMP. In anaphylaxis, treatment 
with methylxanthines theoretically would 
reduce the release of histamine and SRS-A 
following an antigenic challenge. 


З. Anticholinergics.—Drugs which act at 
the receptors of tissues and organs by com- 
petitively blocking the action of acetylcho- 
line released from cholinergic postganglionic 
autonomic nerves, are referred to as cho- 
linergic blocking agents or anticholinergics. 
This group includes atropine and scopola- 
mine, two drugs familiar to the anesthesi- 
ologist. 


Bronchiolar smooth muscle is slightly re- 
laxed by both atropine and scopolamine. In 
man, the duration of this action is longer 
after scopolamine. Additionally, the anticho- 
linergic drugs reduce the mucus flow and 
ciliary movement in the trachea. These ac- 
tions of the anticholinergics on the pulmo- 
nary tree are ascribed to inhibition of locally 
released acetylcholine secondary to efferent 
vagus nerve activity. 


Although the bronchiolar dilatory action 
of the anticholinergics has not been widely 
used in the treatment of bronchial asthma, 
it is known that these drugs will directly 
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TABLE 1 
Drugs Useful in Treating Anaphylaxis 


Drug class/agents Physiologic action 


Indication 





1. Adrenergic agonists 


Epinephrine Alpha and beta agonist 

Isoproterenol Beta agonist 

Methoxamine Alpha agonist 

Ephedrine Alpha and beta agonist 

Metaraminol Alpha and beta agonist 
2. Methylxanthines 

Aminophylline Bronchiolar dilation 


3. Anticholinergics 


Atropine ? inhibit release of 
mediators 
Scopolamine ? inhibit release of 


mediators 
4. Antihistamines 
Diphenhydramine 


5. Corticosteroids 


Hydrocortisone Unknown 


Adapted from Kelly and Patterson."* 


anaphylaxis, he may not be thoroughly fa- 
miliar with their application in this poten- 
tial catastrophe. 


A. General Pharmacologic Principles. 


The therapy of anaphylaxis is based on 
empiric clinical effectiveness and, more re- 
cently, some understanding of the funda- 
mental actions of 5 general classes of drugs: 
(1) adrenergic agonists, (2) methylxan- 
thines, (3) anticholinergics, (4) antihista- 
mines, and (5) corticosteroids (table 1). 


1. Adrenergic agonists.—These are agents 
which evoke physiologic responses similar to 
those produced by efferent sympathetic 
(adrenergic) nerve activity. They are further 
categorized on the basis of their physiologic 
effects. Adrenergic agents producing pri- 
mary effects on the heart and lungs are 
classified as beta agonists; those producing 
primary effects on the peripheral vasculature 
are classified as alpha agonists. Some agents 
produce both effects and are said to have a 
mixed action. 


With reference to anaphylaxis, useful 
beta-agonistic responses include bronchodi- 
lation, increased myocardial contractility, 


Histamine blockade 


IMMEDIATE AND INITIAL TREAT- 
MENT OF ALL ANAPHYLACTIC 
REACTIONS 


Bronchospasm and hypotention with 
low cardiac output 


Hypotension with decreased peripheral 
vascular resistance 


Hypotension and laryngeal edema 
Hypotension 


Bronchospasm not reversed by 
epinephrine 


As preoperative prophylaxis 


As preoperative prophylaxis 


ALL ANAPHYLACTIC REACTIONS 
FOLLOWING EPINEPHRINE AD- 
MINISTRATION. 


? as preoperative prophylaxis 


Anaphylactic reactions refractory to 
above therapies, especially persistent 
bronchospasm or hypotension. 
7 as preoperative prophylaxis 


increased heart rate, and constriction of the 
muscular arterioles with redistribution of 
blood to the central circulation. Beneficial 
alpha-agonistic responses include cutaneous, 
mucosal, and splanchnic vasoconstriction 
with increased total systemic vascular resist- 
anee. The increased myocardial contractility 
and heart rate increase cardiac output, which 
in combination with the increased total sys- 
temic vascular resistance elevates blood 
pressure and improves perfusion. 


A spectrum of adrenergic agonistic drugs 
is available for treatment of anaphylaxis. 
These range from isoproterenol, a pure beta 
agonist, to methoxamine, a drug producing 
pure alpha stimulation. However, epineph- 
rine, a drug with mixed action, is the agent 
of choice for the early treatment of ana- 
phylaxis. The precise mechanisms responsi- 
ble for the efficacy of epinephrine in revers- 
ing rhinitis, urticaria, bronchoconstriction, 
and hypotension during anaphylaxis are not 
known. However, these beneficial therapeu- 
tic effects are attributed to concomitant 
beta- and alpha-agonistic effects on the 
heart, lungs, and peripheral vasculature, in 
addition to a beta-effector-mediated increase 
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in the intracellular cAMP of mast cells and 
basophils. 


As developed above, increased intracellu- 
lar cAMP is correlated with a reduction in 
the release of histamine and SRS-A. The 
importance of the cellular effect of epineph- 
rine in treating anaphylaxis probably de- 
pends on the stage of anaphylaxis at which 
the drug is administered. Early in the clini- 
cal syndrome, epinephrine should effectively 
decrease mediator release. After maximal 
mediator release has occurred, however, epi- 
nephrine would be less beneficial. 


Other adrenergic-agonistic drugs that may 
have a place in treating anaphylaxis, par- 
ticularly in patients in whom the use of 
epinephrine is contraindicated because of a 
concurrent medical problem, are listed in 
table 2. For example, in an elderly patient 
with advanced coronary atherosclerosis and 
myocardial ischemia, the selective alpha- 
effector response of methoxamine might be 
considered therapeutically preferable to epi- 
nephrine to treat hypotension secondary to 
anaphylaxis. However, in deciding to use 
this agent to avoid the cardiac stimulation 
of epinephrine, one would have to accept 
loss of beta-mediated effects on the bron- 
chial smooth muscle, as well as the effects 
of epinephrine in decreasing histamine and 
SRS-A release. 


Similarly, profound bronchospasm with- 
cut hypotension might best be treated by 
the pulmonary beta-effector action of iso- 
proterenol causing bronchiolar dilation. In 
this instance, however, diligent ECG moni- 
toring would be obligatory to detect cardiac 
arrhythmias that may result from isopro- 
terenol administration. 


Patients under therapy for intercurrent 
medical problems which might preclude or 
alter the anticipated responses to epineph- 
rine and other adrenergic-agonist agents 
should also be considered carefully. For ex- 
ample, hypertensive patients under treat- 
ment with the adrenergic neuronal blocking 
agents reserpine or guanethidine might ex- 
hibit accentuated beta- and alpha-adrener- 
gic physiologic responses to usual doses of 
epinephrine. Similarly, patients in whom 
beta blockade had been established by the 
administration of propranolol might require 
unusually large doses of epinephrine to ob- 
tain relief of bronchospasm and/or enhanced 
cardiac activity during the treatment of ana- 
phylaxis. As with any form of treatment, 
the selection of subjects is dependent upon 
medical judgment. 
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2. Methylxanthines.—Intravenous methyl- 
xanthines, in particular aminophylline, have 
been found useful in the treatment of ana- 
phylaxis. This use is based on the ability of 
these drugs to relax bronchiolar smooth mus- 
cle and to increase cardiac output. Thus, 
these actions of the methylxanthines mimic 
the beta actions of the adrenergic agonists. 
The xanthines are more effective in decreas- 
ing pathogenic bronchospasm, such as that 
induced by histamine, serotonin, or acetyl- 
choline, although the mechanism for this 
action is not known.18 


These agents increase cardiac output 
through a direct action on myocardial con- 
tractility. At the peripheral vascular level, 
the xanthines produce vasodilation. In any 
given patient, the systemic arterial blood 
pressure response is determined by the de- 
gree to which augmented cardiac output 
compensates for the xanthine-induced de- 
crease in peripheral resistance. This hemo- 
dynamic interaction is of particular impor- 
tance in deciding whether to use xanthines 
in anaphylactic situations, including both 
bronchospasm and hypotension. 


At the cellular level, the methylxanthines 
are known to inhibit phosphodiesterase, the 
enzyme responsible for the degradation of 
cAMP. By virtue of this action, xanthine 
administration is followed by increased in- 
tracellular cAMP. In anaphylaxis, treatment 
with methylxanthines theoretically would 
reduce the release of histamine and SRS-A 
following an antigenic challenge. 


3. Anticholinergics.—Drugs which act at 
the receptors of tissues and organs by com- 
petitively blocking the action of acetylcho- 
line released from cholinergic postganglionic 
autonomic nerves, are referred to as cho- 
linergic blocking agents or anticholinergics. 
This group includes atropine and scopola- 
mine, two drugs familiar to the anesthesi- 
ologist. 


Bronchiolar smooth muscle is slightly re- 
laxed by both atropine and scopolamine. In 
man, the duration of this action is longer 
after scopolamine. Additionally, the anticho- 
linergic drugs reduce the mucus flow and 
ciliary movement in the trachea. These ac- 
tions of the anticholinergics on the pulmo- 
nary tree are ascribed to inhibition of locally 
released acetylcholine secondary to efferent 
vagus nerve activity. 


Although the bronchiolar dilatory action 
of the anticholinergics has not been widely 
used in the treatment of bronchial asthma, 
it is known that these drugs will directly 
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antagonize the bronchiolar muscle spasm 
produced experimentally by a number of 
substances, including histamine.!? Further, 
recent evidence has indicated that atropine 
blocks the ability of cholinergic stimuli to 
enhance the cellular release of histamine 
and SRS-A.1* This action of anticholinergics 
in inhibiting anaphylactic mediator release 
is attributed to blockade of cholinergic-medi- 
ated increases in cellular cyclic 3',5'-guano- 
sine monophosphate (cGMP) .?^ 


4. Antihistamines.— Pharmacologically, 
the antihistamines represent a broad group 
of drugs which block most of the actions of 
histamine through competitive affinity to 
specific receptors for which histamine is the 
agonist. 'There is no evidence that the anti- 
histaminic drugs in any way inactivate or 
interfere with the synthesis of histamine. 
'The efficacy of antihistamines in competi- 
tively blocking the effects of histamine is 
greatest in situations associated with a high 
level of circulating histamine. Clinical ex- 
perience indicates that these drugs are less 
effective in situations where histamine is 
released in close proximity to specific recep- 
tor sites. 


Although still in part theoretic, these data 
provide an explanation for the therapeutic 
efficacy of antihistamines in abolishing ur- 
ticaria associated with circulating histamine 
and the relative ineffectiveness of these 
drugs in bronchospasm accompanying hu- 
man anaphylaxis where histamine is locally 
released, not systemically circulating. Alter- 
natively, the limited effectiveness of antihis- 
tamines in relieving human bronchospasm 
may be attributed to the concomitant release 
of other chemical-mediator substances.!? 


5. Corticosteroids.—Although the corti- 
costeroids have been recommended for use 
in anaphylaxis, the evidence justifying their 
use is equivocal. Steroids modify various 
clinical immune reactions such as homolo- 
gous organ rejection and both immediate 
and delayed hypersensitivity. Further, ster- 
oids have been used successfully in treating 
and in preventing bronchial asthma and in 
moderating the ongoing hypotension and 
bronchospasm of anaphylaxis.!^ Although 
pretreatment with steroids has not yet been 
shown to alter the human anaphylactic re- 
sponse, experimentally induced systemic 
anaphylaxis is decreased by glucocorticoids. 


Further, while the release of histamine in 
response to an allergic stimulus is unaffected 
or increased by glucocorticoids, the subse- 
quent regeneration of histamine may be in- 
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hibited, presumably by а steroid-related 
action. Interestingly, the glucocorticoids do 
not modify the effects of histamine on 
smooth muscle or other cells?! Thus, de- 
spite the lack of a clear-cut basis for using 
steroids in the prevention or immediate 
treatment of anaphylaxis, presumptive evi- 
dence suggests potential benefits. 


Again, it must be emphasized that epi- 
nephrine is the definitive therapeutic agent 
in the immediate treatment of anaphylaxis 
and that the substitution of other agents 
such as the steroids should be reserved for 
cases where epinephrine is relatively contra- 
indicated. 


B. Specific Therapy. 


'Table 2 categorizes the order, doses, and 
routes of administration for each of the 5 
classes of drugs used to treat anaphylaxis. 


COMMENT 


'The successful management of anaphy- 
laxis is dependent on a thorough understand- 
ing of the syndrome and its prompt treat- 
ment. While there is à common misconcep- 
tion that anesthesia alters the classic signs 
of anaphylaxis and/or offers some protection 
against this syndrome, it has been recently 
pointed out by Bruce and Wingard?? that 
available information and, in particular, 
data about the influence of newer general 
anesthetic agents on immune responses are 
insufficient to permit clinically useful con- 
clusions. Indeed, between 1970 and the 
present, there have been more than 10 re- 
ports describing anaphylactic reactions dur- 
ing the perioperative period.?5.10.12-1» Were 
it possible to predict which patients would 
develop and what circumstances would lead 
to anaphylaxis, recent evidence about the 
cellular actions of anticholinergics and anti- 
histamines might be used to greater advan- 
tage. Unfortunately, except for selected 
circumstances, the predictability of anaphy- 
laxis remains obscure. Whether or not the 
incidence of anaphylactic reactions in anes- 
thetized patients is increasing as has been 
suggested,?? it would appear prudent for the 
anesthesiologist to help establish a program 
for the immediate treatment of anaphylaxis, 
including appropriate consultation and de- 
fined responsibilities. 'The success of such a 
program and its benefits to the patient can 
only be optimized by careful prior planning. 
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Neuromuscular Blocking Effects of Aminoglycoside Antibiotics 
on Fast- and Slow-Contracting Muscles of the Cat 


H. R. ADAMS, DVM, PhD* 
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R. Н. TESKE, DYM} 
H. D. MERCER, DVM§ 


The neuromuscular-blocking effects of neomy- 
cin, streptomycin, and gentamicin were exam- 
ined in fast- and slow-twitch muscles of pento- 
barbital-anesthetized cats. These antibiotics 
were more effective in reducing indirectly stim- 
ulated contractions of the gastrocnemius mus- 
cle than of the ipsilateral soleus muscle in adult 
cats. Respiratory-depressant effects of these 
antibiotics were more closely associated tem- 
porally with effects on soleus than on gastroc- 
nemius twitch. Neomycin was a more potent 
neuromuscular blocking agent in kittens >7 
weeks old than in kittens <6 weeks old. Calcium 


Aes structurally related to neo- 
mycin (aminoglycoside antibiotics) 
interfere with impulse transmission at the 
somatic myoneural junction.! The clinical 
importance of this neuromuscular-blocking 
effect is usually related to respiratory prob- 
lems concurrent with the adminstration of 
neuromuscular-blocking agents and/or gen- 
eral anesthetics. Although Pittinger's group? 
reported an approximate 9% death rate in 
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ions were more effective in antagonizing the 
effects of neomycin on gastrocnemius than on 
soleus twitch; however, neostigmine was more 
effective in antagonizing the effects of neomy- 
cin on soleus than on gastrocnemius twitch. 
These data indicate a difference in responsive- 
ness of fast- and slow-twitch muscles (fast > 
slow) to the neuromuscular-blocking effects of 
aminoglycoside antibiotics, and suggest that 
this may be related to a difference in the pre- 
dominance of pre- and postjunctional inhibi- 
tory actions of these agents in the 2 muscle 
types. 


patients experiencing these problems, the 
clinical incidence of this adverse side effect 
is exceptionally low when the magnitude of 
antibiotic use is considered. 


Experiments designed to examine the po- 
tency and characteristics of the neuromus- 
cular-blocking effects of antibiotics have 
used fast-twitch skeletal muscle in nervé- 
muscle preparations. However, some of 
the muscles that participate in respiratory 
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Neuromuscular Blocking Effects . . . Adams, et al 
movements exhibit slow-twitch characteris- 
tics, and studies have shown that neuromus- 
cular-blocking agents can affect fast- and 
slow-twitch muscle differently.*-12 


The purpose of the present study was to 
examine the neuromuscular-blocking proper- 
ties of the aminoglycoside antibiotics, neo- 
mycin, gentamicin, and streptomycin (fig 
1), in a gastrocnemius (fast-twitch) and 
soleus (slow-twitch) muscle preparation in 
anesthetized cats. 


MATERIALS AND METHODS 

Healthy adult cats of either sex, weighing 
between 2.5 and 3.8 kg, were anesthetized 
with sodium pentobarbital (35 mg/kg IP). 
Anesthesia was maintained during an ex- 
periment by periodic IV injection of small 
doses (1 to 2 mg/kg) of pentobarbital. The 
right femoral artery was catheterized for 
recording of blood pressure (Statham P23 
pressure transducer) and the right femoral 
vein for injection of drugs. The trachea was 
cannulated and artificial respiration was 
maintained with room air by a Harvard 
respirator pump. In designated experiments, 
cats were allowed to breathe spontaneously 
and respiratory movements were monitored 
by use of a bellows-type pneumograph or by 
use of a thermocouple placed in the tracheal 
cannula. 


Cats were prepared for monitoring indi- 
rectly stimulated muscle twitch of the m. 


NH2 
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gastrocnemius and m. soleus of the left hind 
limb, using a modification of a previously 
described technic.!? The insertion of the m. 
gastrocnemius was isolated and connected 
by a stainless-steel wire to the rigid level 
of a precalibrated!* force-displacement 
transducer (Grass FT.10) for recording iso- 
metric contractions. The soleus was care- 
fully isclated from the anterior surface of 
the gastrocnemius mass, and its tendonous 
insertior was connected by silk suture to a 
precalibrated'4 force-displacement transduc- 
er (Grass FT.03) for measuring isometric 
contracbons (fig 2). Approximately 100 gm 
resting tension was placed on the gastroc- 
nemius and 25 gm on the soleus muscle. 


During all experiments, muscle twitches 
of the left gastrocnemius and left soleus 
muscles were examined simultaneously by 
stimulation of the ipsilateral sciatic nerve. 
The sciatic nerve was exposed in the mid- 
thigh region of the hind limb, ligated, and 
stimulated peripheral to the ligation with 
shielded bipolar platinum electrodes at 
suprameximal voltage with shocks of 0.2 
msec pulse duration delivered at a frequency 
of 12 shocks per minute (0.2 Hz) from a 
square-wave electrical stimulator (Grass 
844). The leg was immobilized in extension 
by placing a stainless-steel intramedullary 
pin horizontally through the proximal tibia 
and clamping the pin at each end to sta- 
tionary rods. The exposed portions of the 
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Fic 1. Structural formulas of aminoglyceside antibiotics. 
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Fic 2. Schematic representation of a sciatic nerve-gastrocnemius and soleus-muscle preparation in anes- 
thetized cats. FDT = force displacement transducer. PT = pressure transducer. R = recorder and ampli- 


fier: G. = gastrocnemius. S. = soleus. 


muscles and the nerve were bathed in min- 
eral oil and body warmth was maintained 
with a lamp. All recordings were made on 
a multichannel Grass model 7B polygraph. 


Before proceeding with an experiment, 
care was taken with each preparation to ob- 
tain muscle twitch responses representative 
of each of the 2 muscle types. If the soleus 
twitch had an initial fast component or if 
a secondary slow component (characterized 
by prolonged relaxation) was observed in 
the gastrocnemius twitch, additional isola- 
tion was attempted at the proximal portion 
of the muscle bellies. Time was allowed for 
twitch to stabilize (at least 30 min) before 
proceeding with an experiment. 


Initial studies used 23 cats to determine 
the dose-response effects of neomycin 
(n=9), streptomycin (n=10), and gentami- 
cin (n=4). Time was allowed between in- 
jections for muscle twitch to return to pre- 
injection values and to stabilize; an addi- 
tional 20 to 30 minutes was allowed before 
proceeding with an experiment, to avoid pro- 
nounced cumulative effects of an antibi- 
otic.!? In several experiments, repeated IV 
injections of neomycin (5 mg/kg) were 
made at 3 to 4-minute intervals until gas- 
trocnemius twitch was depressed by 90 to 
10095. In some experiments, СаС1„ or neo- 
stigmine was then administered and the re- 
covery of muscle twitch in cats treated with 
one of these agents was compared to recov- 
ery in the control situation. 


In addition, a sciatic nerve-calf muscle 


preparation was prepared in 11 kittens anes- 
thetized with pentobarbital (28 to 34 mg/kg 
IP). Stimulation parameters were the same 
as for the adult cats. Contractions were 
measured with a Grass ЕТ.03 force-displace- 
ment transducer and 25 gm resting tension 
was placed on the calf muscle. No attempt 
was made to separate the soleus from the 
gastrocnemius muscle in kittens. Six kittens 
were «6 weeks old and weighed between 
300 and 430 gm (375.5 + 21.6 gm, mean + 
SE). Five kittens were >7 weeks old and 
weighed between 439 and 550 gm (477.8 + 
19.9 gm). Dose-response effects to IV ad- 
ministered neomycin (7, 14, and 28 mg/kg) 
were determined in each kitten and com- 
pared between the 2 age groups. 


In the dose-response experiments, quan- 
titation of neuromuscular blockade was cal- 
culated by measuring the maximum de- 
crease in muscle twitch occurring after ad- 
ministration of an antibiotic and expressing 
this value in kg of generated tension or as 
a percent decrease from the preinjection 
(control) value. The influence of CaCl, and 
neostigmine on the effects of neomycin was 
quantified by normalizing muscle twitch de- 
pression, the maximal decrease in muscle 
twitch observed in each muscle being con- 
sidered as 100% of the effect in that muscle. 
All other values obtained over time in that 
muscle were expressed as a percentage of 
the maximal effect. 


All values are expressed as the mean + 1 
SE. Student's t-test was used for statistical 
comparison. 
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Fic 3. Typical responses of indirectiy stimulated muscle twitches of the soleus and gastrocnemius 
muscles to the neuromuscular blocking effect of gentamicin (3+ mg/kg, IV). 
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Fic 4. Effects of gentamicin (Gent), neomycin 
(Neo) and streptomycin (Strept) on indirectly 
stimulated muscle contraction of the soleus and 
gastrocnemius (Gastroc. muscles. Each value is 
the mean + SE of responses obtained in 4 (Gent), 
9 (Neo), or 10 (Strept) cats. *, **, ***Difference 
between gastrocnemius and soleus was significant 


at the p «0.05, p<0.005, and p< 0001 levels, 
respectively; paired t-test. 
RESULTS 


Indirectly stimulated contractions of the 
m. gastrocnemius and m. soleus in the anes- 
thetized adult cat preparations usually ex- 
hibited typical fast- and slow-twiteh charac- 
teristics, respectively. Approximately 10% 
of the preparations were not used, due to 
the apparent presence of fast-twitch fibers in 
the soleus or slow-twitch fibers in the gas- 
trocnemius, even after additional attempts 
at surgical isolation. 


Representative myograms obtained from 
a typical preparation are included in figure 
2. The time to peak tension and total con- 
traction time of 11 gastrocnemius muscles 
were 34.0 + 1.1 msec and 260 + 13.5 msec, 
respectively, whereas time to peak tension 
and total concentration time of the 11 cor- 
responding soleus muscles were 100.9 + 4.8 
msec and 445.5 + 18.1 msec, respectively. 
The gastrocnemius muscles generated be- 


tween 1 and 1.5 kg of tension, whereas the 
soleus rauscles generated between 0.1 and 
0.4 kg o. tension. 


Intrawenous administration of neomycin, 
gentamicin, or streptomycin consistently 
resulted ir a decrease in the magnitude of 
indirecty stimulated muscle twitches of 
both gestrocnemius and soleus muscles. 
With each antibiotic studied, the neuromus- 
cular-blecking effects were dose-related in 
both mrscles; and in most cats examined, 
the effects on gastrocnemius twitch were 
more pronounced than on the corresponding 
soleus rauscle. In 3 cats tested with strep- 
tomycirm and in 2 cats tested with neomycin, 
the soleis was affected more than the cor- 
respond mg gastrocnemius. 


'Typicl recordings demonstrating the dif- 
ference n responsiveness of the soleus and 
gastrocr=mius muscles to an aminoglycoside 
antibiote are shown in figure 3. Dose-re- 
sponse -elationships with each antibiotic 
are shovn in figure 4. In general, the order 
of potercy of the antibiotics was neomycin 
> gentamicin > streptomycin. The differen- 
tial effeets on the 2 muscles were seen more 
consisteatly with neomycin and gentamicin 
than wkh streptomycin (fig 4). Absolute 
values cf twitch responses obtained in the 
experiments with gentamicin are shown in 
table 1. 


Previeus studies have demonstrated that 
adminis ration of Cat or a cholinesterase 
inhibito- is reliably effective in antagoniz- 
ing the neuromuscular-blocking effects of 
aminoglscoside antibiotics in fast-twitch 
muscle-rerve preparations." 7.!? However, 
variable success has been reported with the 
use of taese antagonists in clinical circum- 
stances.-'" Experiments were included in 
the present study to determine if CaCl, and 
neostigmine were equally effective in antag- 
onizing he effects of neomycin on fast- and 
slow-twr.ch muscles. 
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TABLE 1 


Effects of Gentamicin on Indirectly Stimulated Contractions of 
the Gastrocnemius and Soleus Muscles 


_——————————-———— 


Tension, gm — SE 


Gentamicin, 








mg/kg Muscle Control Response Difference p* 
10m Gastrocnemius 1340.0 + 116.0 1330.0 + 123.7 10.0 + 10.0 0.05 
E  Soleus 118.4 + 9.4 116.0 ++ 9.9 24-11 : 
Gastrocnemius 1386.8 + 87.4 493.6 + 66.6 893.2 + 153.7 
20mE Soleus 118.0 + 10.8 110.7 + 10.3 7.8 + 1.3 >р 
30m Gastroenemius 1560.0 + 100.6 26.6 + 26.6 1533.4 + 113.9 <0.001 
g Soleus 122.9 + 11.6 78.2 + 6.2 44.7 + 21.4 
Gastrocnemius 1446.0 + 156.7 26.0 + 22.0 1420.0 + 181.4 
40 те Soleus 129.3 + 14.8 32.6 + 25.7 96.4 + 25.6 ШИКЕ 


*Student's paired t-test. 
n= 4. 


In 13 cats, 5 mg/kg of neomycin was in- 
jected IV every 3 to 4 minutes until gas- 
trocnemius twitch was reduced by 90 to 
100%. With this schedule, soleus twitch was 
concurrently decreased by 40 to 60%. Four 
of the cats served as controls and were not 
given additional injections. Muscle twitch 
amplitude at various time intervals was 
compared in the 4 control cats, in 6 cats 
given CaCl, (1.35 mEq Ca**/kg, IV), and 
in 3 cats given neostigmine (100 „g/kg, IV) 
at the time of maximum depression of gas- 
trocnemius twitch by neomycin. Since gas- 
trocnemius twitch was consistently affected 
more than soleus, the effects of Са” and 
neostigmine on recovery of the muscles from 
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Fic 5. Antagonism by Ca** of the neuromuscular- 
blocking effects of neomycin on indirectly stimulated 
contractions of the gastrocnemius (Gas) and soleus 
(Sol) muscles in anesthetized cats. Neomycin (5 
mg/kg) was injected IV every 3 to 4 minutes until 
gastrocnemius twitch was reduced by 90 to 100%. 
Saline (solid lines; n — 4) or CaCl, (dashed lines; 
1.35 mEq Ca^/kg; п = 6) was then administered 
IV. Values are mean + SE; results are normalized 
(see text). *, **Difference between gastrocnemius 
and soleus after administration of.Ca** was signifi- 
cant at the p < 0.05 and p «0.01 levels, respectively. 


the effects of neomycin were compared by 
normalizing muscle twitch depression. With 
each individual muscle, the maximum de- 
crease in muscle twitch amplitude (90 to 
10097, in the gastrocnemius and 40 to 60% 
in the soleus) after injection of neomycin 
was considered to be 100% of the effect in 
that muscle. All other values over time of 
that individual muscle were expressed as a 
percentage of this maximum. Mean values 
(figs 5 and 6) show that neostigmine or Са“ 
antagonized the neuromuscular-blocking ef- 
fects of neomycin. For example, approxi- 
mately 1 hour was required for either the 
gastrocnemius or soleus to recover from the 
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Fic 6. Antagonism by neostigmine (Ns) of the 
neuromuscular-blocking effect of neomycin on in- 
directly stimulated contractions of the gastrocnemius 
(Gast) and soleus (Sol) muscles. Neomycin (5 
mg/kg) was injected IV every 3 to 4 minutes 
until gastrocnemius twitch was reduced by 90 to 
100%. Saline (solid line; n= 4) or neostigmine 
(dashed line; 100 „g/kg; n= 3) was then adminis- 
tered IV. Values are mean + SE; results are nor- 
malized (see text). *, **Difference between soleus 
and gastrocnemius after “administration of neo- 
stigmine was significant at the p < 0.05 and р < 0.01 
levels, respectively. 
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neuromuscular-blocking effects of repeated 
injections of neomycin, whereas after ad- 
ministration of Ca^ or neostigmine, the rate 
of recovery of muscle twitch height was 
greatly accelerated. 


However, under the present experimental 
conditions, dissimilarities were seen in the 
relative effectiveness of Ca'* and neostigmine 
to antagonize the effects of neomycin on 
gastrocnemius and soleus contractions. Con- 
sistently, Ca* was more effective than neo- 
stigmine in antagonizing the effects of neo- 
mycin in the gastrocnemius than in the 
soleus, although the gastrocnemius was af- 
fected by neomycin to a greater extent than 
was the soleus. Conversely, neostigmine was 
more effective than Ca** in restoring normal 
muscle twitch height in the soleus than in 
the gastrocnemius (figs 5 and 6). 


Four adult cats were allowed to breathe 
spontaneously and respiratory movements 
were monitored along with gastrocnemius 
and soleus twitches. An antibiotic (gentami- 
cin, n=2; streptomycin, n=2) was repeat- 
edly administered until apnea occurred. In 
each case, respiratory movements gradually 
decreased with succeeding doses of antibi- 
otic but apnea did not occur until, or after, 
soleus twitch became completely depressed. 
A typical recording is shown in figure 7. 


Studies in adult cats demonstrated that 
aminoglycoside antibiotics affected fast- 


: twitch to a greater extent than slow-twitch 


muscle. This differential potency was exam- 
ined further by the use of kittens. Skeletal 
muscles of kittens initially demonstrate 
slow-twitch characteristics until differentia- 
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TABLE 2 


Neyromuscular-Blocking Effects of 
Меоттсіп on a Sciatic Nerve-Calf Muscle 
Preparation in Kittens 


Decrease in muscle twitch by neomycin, mg/kg 








Kitten age 7 14 28 
96 + SE 
<6 wk 18+121384+2.7 58.8 + 6.4 
(п = 6) 
> Twk 5.6 + 0.8 52.12- 6.8 100.0 + 0.0 
(п = 5) 
Significance <0.05* <0.001* <0.001* 


*Student'. t-test. 


Control muscle twitch of <6-week-old and >7-week- 
old kittens averaged 127.5 + 14.5 gm and 132 + 10 
gm, respectively. 


tion occurs during the first few weeks of 
life." In the present study, the younger 
kittens were not as susceptible to the muscle 
twitch depressant effects of neomycin as 
were the older kittens (table 2). 


DISCUSSION 

Althoagh the potential seriousness of an- 
tibiotic-mduced respiratory paralysis in iso- 
lated ceses is well established,? the inci- 
dence o: such complications is exceedingly 
small ir relation to the magnitude of anti- 
biotic use. This can be attributed primarily 
to the lbw potency of the neuromuscular- 
blocking effects of these agents when com- 
pared to their antimicrobial activity. Amino- 
glycosid» antibiotics have been found even 
less potent on slow-twitch muscle than on a 
fast-twitch muscle preparation similar to 





Resp. 
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Fic 7. Effects of gentamicin on respiration and indirectly stimmlated contractions of the gastrocnemius 
(Gastroc.) and soleus muscles in an anesthetized cat. Gentamicir (10 mg/kg) was administered IV at each 
arrow. M.T. = muscle twitch. Resp. = respiratory movements. 
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those commonly employed to examine these 
drugs. 


Tn anesthetized adult cats, neomycin, gen- 
tamicin, and streptomycin were more effec- 
tive in decreasing indirectly stimulated 
twitch of the fast-contracting gastrocnemius 
than of the slow-twitch soleus muscle. Since 
paired muscles of the same hind limb were 
tested concurrently by electrical stimulation 
of a common nerve trunk, it seems unlikely 
that observed differences in susceptibility of 
the gastrocnemius and soleus were due to 
variations in such factors as nerve stimula- 
tion, temperature, blood flow, or other sec- 
ondary influences.!° Rather, there seems to 
be a direct difference in responsiveness of 
the 2 muscle types to the neuromuscular- 
blocking effects of aminoglycoside antibi- 
otics. This is further supported by findings 
in kittens. Skeletal muscle of newborn kit- 
tens reacts like slow-contracting muscle. 
Differentiation into respective slow- and 
fast-twitch types progresses with age and is 
usually complete or near complete in kittens 
>6 weeks of age.!? In the present study, 
neomycin was relatively less potent in re- 
ducing the strength of indirectly stimulated 
twitch in kittens <6 weeks old. 


Some respiratory muscles, like intercos- 
tals,!? respond to drugs as slow-twitch mus- 
cles. In the present study, respiratory-de- 
pressant effects of gentamicin and strepto- 
mycin were more closely associated tem- 
porally with effects on soleus than on gas- 
trocnemius twitch. 'This seems to support 
the contention that slow-contracting muscles 
are more resistant to the antibiotics studied. 
However, since contractile responses of re- 
spiratory muscles were neither individually 
nor directly examined, it is not known if the 
gradual diminution of ventilatory move- 
ments produced by repeated injection of an 
antibiotic reflects a decreasing fast muscle 
component (diaphragmatic)!? in the pres- 
ence of continued function of slow-twitch 
muscles or simply a resistance of respiratory 
muscles per se to the antibiotics. 


Fast- and slow-twitch muscles are known 
to exhibit different sensitivities to clinically 
useful peripherally-acting muscle relaxants. 
With some exceptions, fast-twitch muscle is 
generally more susceptible to the depolariz- 
ing type of neuromuscular-blocking agent, 
whereas slow-twitch muscle is usually more 
responsive to the nondepolarizing curari- 
form drugs.? Aminoglycoside antibiotics 
act postjunctionally to produce a nondepo- 
larizing desensitization of the motor end- 
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plate; however, they are also believed to 
have a significant prejunctional action.!.9 
Recently, these drugs have been reported to 
inhibit Ca* uptake in cholinergic nerves!? 
and, presumably by this mechanism, to de- 
crease the quanta of acetylcholine dis- 
charged from cholinergic fibers.9.1* 


In the present experiments, Ca^ had a 
relatively greater effect on recovery of the 
gastrocnemius from the effects of neomycin 
than it did on recovery of the soleus. Con- 
versely, neostigmine hastened recovery of 
soleus twitch more than it did gastrocnemius 
twitch. These relative differences were con- 
sistently observed despite the fact that, be- 
fore intervention with neostigmine or Ca", 
gastrocnemius twitch was invariably de- 
pressed more than the soleus, suggesting 
that in cats the postjunctional effect of 
aminoglycoside antibiotics dominates in 
slow-twitch muscles but prejunctional action 
is predominant in fast-twitch muscles. 


Inhibition of Ca** function in nervous and 
nonnervous tissues has been recognized as 
a pharmacologic property of the aminoglyco- 
side antibiotics.!.15.19-25 We have proposed 
that, in some excitable cell types, these anti- 
biotics interfere with the uptake or binding 
of Ca^ by “competing” with the cation for 
negative-charged and superficial binding 
sites on cellular membranes.1!?.29.?» Direct or 
indirect evidence for this postulate can be 
interpreted from data obtained from in vivo 
cardiovascular studies,?9 isolated arterial 
smooth muscles,!!-!.25 cholinergic neurons 
(sympathetic ganglion),!* crab muscle fi- 
bers,24 isolated sarcoplasmic reticulum frag- 
ments of skeletal muscle,?? and isolated car- 
diac muscle.?? 


'The difference in susceptibility of slow- 
and fast-twitch muscles to Ca'* and neostig- 
mine during aminoglycoside antibiotic-in- 
duced neuromuscular blockade may be re- 
lated to dissimilarities in prejunctional de- 
pendence upon Са“ of respective motor 
nerves, nerve terminals of motor fibers in- 
nervating slow-twitch muscle perhaps being 
more resistant than analogous structures of 
fast-twitch muscle to the Ca -antagonistic 
properties of the neomycin-streptomycin an- 
tibiotics. However, the possibility cannot 
be excluded that postjunctional cholinergic 
receptors of fast-twitch muscle are more sen- 
sitive to the antibiotics than are receptors 
of slow-twitch muscle. 


A difference in receptor configuration of 
fast- and slow-twitch muscles resulting in 


A 
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different sensitivities to neuromuscular 
blocking agents has been suggested.!? Al- 
though this remains to be established in 
relation to aminoglycoside antibiotics, pre- 
sent findings may partially explain why 
variable success has been encountered dur- 
ing attempts to reverse (clinically and ex- 
perimentally) and even to demonstrate (ex- 
perimentally) the neuromuscular-blocking 
effects of these antibiotics with different 
muscle types.!:?:15.27 By inference, it seems 
possible that the difference in responsive- 
ness of fast- and slow-twitch muscles to the 
clinically useful neuromuscular-blocking 
agents may also depend, at least in part, 
upon relative differences in the pre- and 
postjunctional inhibitory effects of these 
drugs. 
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"Acupuncture Anesthesia" — A Clinical Study 


JEROME H. MODELL, MD* 
PETER К. Y. LEE, MD} 
HAL С. BINGHAM, MD 
DONALD М. GREER, JR., MD§ 
MUTAZ В. HABAL, Мр! 


Gainesville, Florida* * 


Forty-two patients who were to undergo plas- 
tic surgical procedures were asked whether 
they would accept acupuncture as a substitute 
for local anesthesia. Eight patients agreed to 
acupuncture; one of these had 2 operative pro- 
cedures with acupuncture. Five of the 9 pro- 
cedures were successful; the remaining 4 re- 
quired conversion to local anesthesia. 


After interviewing the patients, we felt that 


N 1958, in response to Chairman Mao Tse 
Tung’s suggestion that traditional Chin- 
ese medicine is a *great treasure house" and 
should be combined with Western medicine 
and elevated to new heights, physicians in 
the People's Republic of China began using 
the traditional technic of acupuncture as 
anesthesia for surgical procedures. Enthu- 
siasm for the technic, even in the People's 
Republic of China, grew slowly until the 
proletarian cultural revolution in 1966.77 
Since that time there has been a concerted 
effort by physicians and patients in the Peo- 
ple's Republic of China to adopt this com- 
bination of traditional and Western medi- 
cine whenever possible. Reports of opera- 
tions performed successfully under “acu- 





T'Unpublished report of Acupuncture Anesthesia 
Study Group of the Committee on Scholarly Com- 
munication with the People's Republic of China, 
May 1-22, 1974. 


the success of "acupuncture anesthesia" was 
largely dependent on patient motivation, and 
that a patient may experience pain during sur- 
gical procedures without any change in facial 
expression or vital signs. We concluded that 
"acupuncture anesthesia" is of little value in 
our patient population at present. Its results 
are unpredictable; therefore, we anticipate 
that patient acceptance will be small. 


puncture anesthesia" in the People's Repub- 
lic of China are commonplace in the Ameri- 
can press. 


One of us ( Modell) was privileged to be 
a member of the Acupuncture Anesthesia 
Study Group of the Committee on Scholarly 
Communication with the People's Republic 
of China in May 1974. As such, he was the 
guest of the Chinese Medical Association 
for 22 days and observed surgical procedures 
performed under acupuncture. Some details 
of that visit have been published elsewhere.! 
Because of the questions raised in that re- 
port relating to whether a combination of 
acupuncture and surgery could be success- 
ful for patients in the United States, we 
conducted the following study. 


PATIENT SELECTION AND METHODS 
Patients were selected who were to have 
plastic surgical procedures that could be 
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converted easily to local anesthesia should 
acupuncture fail. Each patient was inter- 
viewed before the operation and given the 
choice of having the procedure performed 
under “acupuncture anesthesia" or under 
local anesthesia. All patients were told that 
if they felt uncomfortable at any time dur- 
ing the surgical procedure while under acu- 
puncture, they could request that the acu- 
puncture be terminated and local anesthet- 
ics be used. All questions asked by the pa- 
tients were answered. 


None of the patients received any form 
of premedication. Patients were given acu- 
puncture along traditional meridians appro- 
priate for the site of operation, using nee- 
dles stimulated electrically with a stimula- 
tor capable of producing up to 9 volts at a 
frequency of 1 to 200 Hz. In general, cur- 
rent intensity and frequency were usually 
adjusted to the patient's tolerance. Acu- 
puncture induction time was a minimum of 
20 minutes. The surgical field then was pre- 
pared and draped and the operative proce- 
dure begun. The procedures were considered 
as either a success or failure, aceording to 
whether the patient requested that acupunc- 
ture be terminated and whether more than 
2 ml of local anesthetic was used. In no 
case were analgesic drugs given. 


RESULTS 


Of 42 patients interviewed, 8 requested 
acupuncture. One of these patients had 2 
procedures performed under acupuncture. 


The first patient was a 20-year-old medi- 
cal student who was to have a granuloma 
of the scalp excised. Needles were placed 
bilaterally at Chuan-Liao (SI-18), Tsu- 
Lin-Chi (GB-41), and Tsan-Chu (BL-2). 
In this patient, we did not attempt to in- 
crease the intensity of the stimulus to the 
patient's tolerance. Upon incision of the 
skin, the patient reported that he was un- 
dergoing an experience in "acupain." The 
acupuncture was terminated and a local an- 
esthetic was infiltrated. The procedure con- 
tinued without incident. 


The second patient was a 45-year-old 
woman who had contacted one of the au- 
thors and requested that a rhinoplasty be 
performed under acupuncture anesthesia. 
She said that she had needed a rhinoplasty 
for a number of years but, because of her 
fear of both local and general anesthesia, 
had delayed the procedure. She reported 
that she was well motivated and wanted to 
volunteer for the study. 
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Acupuncture needles were placed bilater- 
ally at Ho-Ku (11-4), Chu-Chih (11-11), 
and Tsu-San-Li (St-36). The patient un- 
derwent a 215-hour rhinoplasty, including 
bilateral fracture of the nasal bones. Epi- 
nephrine (1:200,000) in saline solution was 
infiltrated from the beginning of the proce- 
dure to help control hemostasis. 


Throughout the procedure, the patient 
frequently complained that the electrical 
stimulus of the acupuncture was too intense. 
Although she lay quietly on the operating 
table during much of the surgical procedure, 
she frequently voiced displeasure, reporting 
a feeling of intense pressure, particularly 
when tissues were spread rather than cut. 
When the nasal bones were to be fractured, 
the patient reported being quite uncomfort- 
able, and 1 ml of 1% lidocaine with 
1:200,000 epinephrine was injected on each 
side. During the procedure, the patient's 
pulse and blood pressure remained reason- 
ably stable, despite discomfort. 


At the conclusion of the procedure she 
apologized for any suggestion that she may 
have been uncomfortable and stated that 
she had nct felt pain, was very pleased with 
the procedure, and would be happy to un- 
dergo a procedure under acupuncture in the 
future. This procedure, therefore, was con- 
sidered successful. However, the anesthesi- 
ologist and surgeon were more impressed 
with the patient’s endurance than with the 
analgesia afforded by the acupuncture. 


Approximately 3 months later the patient 
was readmitted for revision of the tip of 
her nose. This second procedure also was 
performed under acupuncture but this time 
without complaint, incident, or changes in 
vital signs. 


Patients 3, 4, and 5 were women, aged 26, 
31, and 35, who were scheduled for aug- 
mentation mammoplasty. Acupuncture nee- 
dles were placed bilaterally at Ho-Ku, Nei- 
Kuan (EH-6), and Tsu-San-Li. When the 
skin was incised, these patients complained 
of pain, and soon after the beginning of the 
procedure requested local anesthesia. 


Patient 6 was a 28-year-old woman who 
had her earlobe reconstructed under acu- 
puncture with no discomfort and no observ- 
able signs of pain. Needle placement was 
bilaterally at Ho-Ku and Shya-Chu (St-6). 


Patient 7 was a 24-year-old woman who 
had needles placed bilaterally at Yang-Pai 
(GB-14) and Ho-Ku. A foreign body was 
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removed from the upper eyelid below the 
level of the levator, also with no reported 
discomfort or obvious signs of pain. 


The 8th patient was a 35-year-old woman 
who had an augmentation mammoplasty. 
Needles were placed bilaterally at Ho-Ku, 
Nei-Kuan, and Tsu-San-Li. Because she 
complained of some discomfort upon inci- 
sion through the right nipple, 0.5 ml of 197 
lidocaine with 1:200,000 epinephrine was in- 
jected into each nipple. No other local anes- 
thetic or analgesic agents were used. The 
remainder of the 215-hour procedure was 
without incident and there was no change 
in vital signs at any time. The patient ap- 
peared calm, relaxed, and comfortable 
throughout, at times appearing to be dozing. 


The patient did request that the inten- 
sity of the acupuncture be increased on sev- 
eral occasions but did not report a feeling 
of pain and did not request local anesthesia. 
Vital signs at these times were stable. At 
one point, she asked what was being done. 
She reported it was as though she were 
"being touched with a soldering iron," al- 
though it did not hurt. 'This coincided with 
the use of cautery deep on the chest wall. 
At the conclusion of the procedure, the pa- 
tient reported she was comfortable. The sur- 
geon and anesthesiologist considered the 
procedure an outstanding success. Because 
the procedure had gone so well, the patient 
was given a hand-held tape recorder to dic- 
tate her thoughts over the next 24 hours. 


Pertinent excerpts from that tape are as 
follows: 


""These thoughts have come upon me: 
10:25 p.m. What pain I did feel is still 
vivid at this moment. As sensitive as my 
breasts—especially the nipple area—are, 
my greatest anxiety at this moment is fear 
of a complication that would warrant re- 
opening or any extra surgical measures at 
this time. In effect, if I had not felt any 
pain in surgery, I would not fear going back 
into it. 


"At first the entire incision really hurt, 
then I felt it most at one central point. I 
was able to tolerate it and from then on 
there were varying degrees of pain— sharp, 
short pains which seemed to be snips. I 
have skinned turkey legs not wanting to 
peel the film that keeps in the juice. I felt 
as if this is what was happening when the 
pockets were being made. It's hard to say 
why certain areas hurt more than others. 
Something happened on the left side and 
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the pain was far up near my armpit around 
the area one would put a thermometer. Tt 
was hot and burning and a surprise. Several 
more times from then on I felt it. I don't 
think I could have tolerated a lot of it with- 
out squawking a little. I wanted to tolerate 
in silence as much as possible because I 
knew you would switch to local if I wanted 
and I didn't want this to happen until I 
could no longer control my reaction. There 
were periods of time when all I felt were 
pressure and pulling. It seems like those 
points allowed me to face the more painful 
areas, knowing that the worst would not last 
too long. As time went by I had such a de- 
sire to sleep I would relax and try to alien- 
ate the pain from my mind so as to rest 
and replenish courage. I was weakening. I 
felt and had such a feeling of dismay, not 
wanting to relate how I felt any more, just 
wanting to get it over. 


"It is now 12:55 a.m. I am not really 
sleepy. I am going to relate, as best I can 
recall at this moment, my feelings mentally, 
as well as physically, pertaining to all as- 
pects of the operation, as I could see it and 
feel it. Having never read about acupunc- 
ture, I was unaware of how it was done and 
didn't think electric currents were a part of 
it until Dr. Modell explained it, and before 
going to surgery Dr. Lee demonstrated what 
to expect. After being hooked up entirely 
and the current started, there were a few 
minutes of discomfort, ie, a heavy ache and 
my hand seemed to contract. After only a 
few minutes the aching subsided and the 
electrical current was soothing. I found my- 
self wanting to relax and sleep but anxiety 
would not let me do so. I have described 
already the feeling through the surgery. As 
I seemed to feel more pain, I asked for more 
current. This seemed to help, although I'm 
not sure if it was the distraction of the surge 
of electricity or the lessening of the concur- 
rent pain. At any rate it was helpful. At 
one time I reached a point while asking for 
current that it seemed too much and I 
asked for a lessening. Towards the end of 
the surgery it seemed as if my hands and 
left leg were getting tired and heavy. How- 
ever, at no time did I experience anything 
pertaining to the acupuncture itself as pain- 
ful." 


DISCUSSION 
Reports from the People’s Republic of 
China suggest that “acupuncture anesthe- 
sia" is successful in over 90%, of the patients 
in whom it is used. To interpret these fig- 
ures, it is necessary to understand the 
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Chinese definition of *successful." The Chi- 
nese grade the results of “acupuncture anes- 
thesia” in 4 categories: grades I through II 
are considered successful; grade I is used 
when the patient has little or no discomfort 
during the operative procedure and there 
are minimal changes in vital signs; grade IT, 
when the patient has slight discomfort that 
can be controlled with small doses of nar- 
cotics and local anesthetics. Also, there may 
be moderate changes in vital signs. Grade 
III is used when the operation can be suc- 
cessfully completed, but the patient has 
periods of moderate to severe pain, changes 
in vital signs, and requires larger doses of 
parenteral medication and local anesthesia 
to complete the procedure; and grade IV 
when acupuncture fails and the operation 
must be abandoned or the patient given 
general anesthesia.! 


The Chinese repeatedly point out that 
“acupuncture anesthesia” is still an experi- 
mental technic and represents an attempt 
to blend traditional Chinese medicine with 
Western medicine to improve health care 
for their people. They acknowledge that 
some of the present problems with “acu- 
puncture anesthesia" are that many patients 
suffer incomplete analgesia, that muscle re- 
laxation may be poor, that it does not abol- 
ish reflexes, and that patients frequently 
complain of feeling traction when viscera 
are manipulated, particularly during opera- 
tions within the abdominal cavity. 


'The Chinese also stress the need for 
proper patient selection. *Acupuncture an- 
esthesia" is not recommended for every pa- 
tient; it is considered only when an accurate 
preoperative diagnosis has been established, 
when the surgical procedure promises to be 
uncomplicated, and when the patient agrees 
to have acupuncture after the advantages of 
“acupuncture anesthesia" and the disadvan- 
tages of general anesthesia have been ex- 
plained. It is estimated that only 20% of 
patients in the People's Republic of China 
are operated on with *acupuncture anesthe- 
sia.”? 


In some patients, there is considerable 
preparation; patients who are to undergo 
thoracotomy must successfully complete a 
variety of breathing exercises for approxi- 
mately a week before the operation. The 
anesthesiologist counsels the patient, and 
the surgeon and other patients in the hos- 
pital ward who have had “acupuncture anes- 
thesia” tell him what they believe its ad- 
vantages are. Also, each step of the surgical 
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procedue is explained. Patients who are 
nervous or apprehensive are not considered 
suitable candidates. It is stressed repeated- 
ly that sor “acupuncture anesthesia" to be 
successfel, the surgeon must be precise, 
rapid, and extremely gentle; tissues must be 
handled with a minimum of trauma, and 
retractors are seldom used in the wound. In 
addition to acupuncture, most patients in 
the Peoole's Republic of China received 
approximately 100 mg of phenobarbital and 
50 mg o meperidine preoperatively. 


Observations in China.—The Acupunc- 
ture Anesthesia Study Group had the oppor- 
tunity tc observe, in depth, 48 patients who 
were preselected to have operations per- 
formed under *acupuncture anesthesia." 
The operations included such diverse pro- 
cedures as tooth extractions, craniotomy for 
tumors, ophthalmologic surgery, tonsillec- 
tomy, thyroidectomy, pulmonary lobectomy, 
mitral commissurotomy, repair of ventricu- 
lar sept=] defect with extracorporeal circu- 
lation, subtotal gastrectomy, ovarian cys- 
tectomy abdominal hysterectomy, inguinal 
herniorrmaphy, and arthrotomy of the knee. 
Unfortunately, the Study Group did not ob- 
serve a sufficient number of procedures in 
each category to be able to report any sta- 
tistical significance regarding the success 
rate in any particular type of surgical pro- 
cedure. 


Of the 48 procedures seen, 25 patients 
(52%) fell into the category of grade I, 
and 10 patients (2195) into the category 
of grade II. The remainder (27%) were 
classified as grade III or IV.! There is no 
way to oredict whether the same statistics 
would a»ply to a group of patients similarly 
selected and prepared in the United States. 
However, if one assumes that the American 
patients responses to surgery and discom- 
fort would be similar to those of the patients 
observee in the People’s Republic of China, 
grade I results would be applicable to both 
populatzons. We also believe that many of 
our patients would accept a grade II result, 
but that grades III and IV would be unac- 
ceptable Of the 9 procedures reported in 
our stucy, 4 would fit the grade I category. 
The rhmoplasty would be grade II, and 4 
procedures would fit grade III or IV. 


It wes extremely difficult to interpret 
accurately the response of some of the pa- 
tients observed in the People's Republic of 
China because, since none of them spoke 
English the Study Group had to work 
through-an interpreter. Many of the patients 
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reported a feeling of heaviness, pressure, 
and traction but denied pain. Because we 
were unable to question the patient directly, 
it was difficult to say with certainty whether 
the words “pain,” “pressure,” and “traction” 
were interpreted in the same way by patients 
and observers. At least 1 patient who had 
undergone a thyroidectomy described the 
feeling during operation as "pressure and 
traction." Upon detailed questioning through 
an interpreter after the operation, the pa- 
tient admitted that she was unable to differ- 
entiate between what she called "pressure 
and traction" and what we called “‘discom- 
fort" or “pain.” 


This difficulty in communication and the 
suggestion by some members of the Study 
Group that political motivation, education, 
conditioning, or some type of ethnic differ- 
ence could explain the success of acupunc- 
ture in the People's Republic of China led 
to our current study. Our experience, par- 
ticularly with patient 2 (rhinoplasty), cer- 
tainly emphasized the importance of moti- 
vation in the success of the procedure. Our 
experience with patient 8 (augmentation 
mammoplasty) places considerable doubt 
on the ability of an observer to determine 
if a patient is experiencing pain. From all 
appearances, this patient was comfortable 
throughout the procedure. She had no 
change in blood pressure, pulse, respiratory 
rate or pattern; did not show any facial 
signs of discomfort; and did not appear to 
be peripherally vasoconstricted or to per- 
spire. 'The 2 anesthesiologists who continu- 
ally observed the patient were not able to 
detect any evidence of pain. However, the 
patient obviously felt pain, as evidenced by 
her very vivid and detailed report. 


In spite of extensive research in the Peo- 
ple's Republic of China, no definite physio- 
logic mechanism for “acupuncture anesthe- 
sia" has been demonstrated. We do not 
know if it produces anesthesia, analgesia, or 
hypalgesia. Perhaps hypalgesia is a more 
accurate description of what the Study 
Group observed. Another consideration was 
that needles were placed in traditional me- 
ridians and in *new experimental points," 
some of which were paraincisional, some 
segmental, and some appeared to be placed 
directly over or into a major nerve in an 
attempt to produce “acupuncture anesthe- 
sia." Seldom were needles placed in the 
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same location for the same procedure in dif- 
ferent patients. One professor in Peking re- 
ported, upon questioning, that a Peking 
surgeon gave the needle to the patient and 
let him insert and rotate it. He allegedly 
had а 90% success rate. 


CONCLUSIONS 


We conclude that the success of “асирипс- 
ture anesthesia" is largely dependent on 
patient motivation. It is well known that 
each patient's tolerance to pain is differ- 
ent.' It is entirely possible that a patient 
with a high threshold for pain and excel- 
lent motivation might be sufficiently dis- 
tracted by the electrical stimulus of the 
needles from feeling pain during operation. 
It also is apparent from our small series 
that patients may experience pain without 
producing changes in their vital signs. Thus, 
it is virtually impossible, by purely clinical 
observation, to determine if the patient is 
experiencing pain. Pain appears to be a 
private experience of the patient which does 
not always lend itself to objective evalua- 
tion by the observer. 


Our study suggests that “acupuncture an- 
esthesia," analgesia, or hypalgesia is pres- 
ently of little value for patients in the 
United States. Its results are unpredictable 
and general patient acceptance, therefore, is 
anticipated to be small. At present, the only 
clinical application we foresee would be for 
the patient who is to undergo a superficial 
procedure in which the risks of general an- 
esthesia are not warranted and who reports 
a previous true hypersensitivity to a wide 
variety of local anesthetic agents. If such 
a patient also is well motivated, has a high 
pain threshold, and is willing to submit to 
the procedure, it is possible that he may be 
successfully operated on under “асирипс- 
ture anesthesia." 
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Perioperative Awareness and Recall 
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This study was designed to introduce a rele- 
vant stimulus at successive time intervals dur- 
ing the entire anesthetic period, including the 
pre- and postanesthetic periods. Using galvanic 
skin responses, the authors were able to recog- 
nize a plane of light anesthesia and arousal, 
at which time it is considered that sensory in- 
put might be perceived. Presenting to the 
patient a stimulus of some relevance, but one 
not likely to be psychically traumatic, they in- 
vestigated the correlation between the ability 
to maintain an attention span and to recall in 


Is this a dream? Do I wake or sleep? 
Keats 


HE problem of awareness during anes- 

thesia has existed since Horace Wells' 
inglorious failure during his first public 
demonstration of М.О anesthesia. In 1908, 
Crile! reported a case of complete aware- 
ness during N.O-O. anesthesia and recom- 
mended morphine and scopolamine as pre- 
medication to produce amnesia. In 1950, 
Winterbottom? reported the first case of 
awareness during a thiopental-muscle relax- 
ant-N.O-O. sequence. Since then, numerous 
case reports and studies have appeared in 
the literature. 


Many of these retrospective reports were 
due to obviously inadequate anesthesia. 
Prospective studies on awareness during 
general anesthesia have failed to confirm 
convincingly the occurrence of recall of an 
intraoperative event.? 


All studies reported so far have been in- 
complete in several aspects: 
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the postoperative period. No recall was ob- 
tained during the intraoperative period, the 
first occr rrence of recall being in the immedi- 
ate postenesthetic period and the incidence of 
recall іпагеаѕіпе with increasing time intervals 
after th* end of anesthesia. The authors 
conclude, however, that since intraoperative 
awareness without recall is a possibility, care 
should be taken to avoid emotionally disturbing 
auditory stimuli throughout the anesthetic pro- 
cedure. 


1. Tey do not indicate at which level 
of anesthesia a stimulus was presented. 


2. The stimulus presented in all retro- 
spective studies (with the exception of 
Levinsor’s work‘) were irrelevant to the 
patient's well-being, whereas in those re- 
ports (including Levinson's) in which recall 
was reperted, the stimulus was generally of 
a threatening nature. 


3. Ne study has been undertaken in 
which a series of stimuli were presented 
systemat cally at different time intervals 
during tae pre-, intra-, and postanesthetic 
periods. 


The psesent study was designed to intro- 
duce a relevant stimulus at successive time 
intervals during the entire anesthetic period, 
including the pre- and postanesthetic peri- 
ods. Employing the galvanic skin response 
(GSR),** we were able to recognize a 
plane of light anesthesia and arousal, at 
which time it is considered that sensory 
input mirht be perceived. We also presented 
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to the patient a stimulus of some relevance, 
but one not likely to prove psychically trau- 
matic. Correlation between the ability to 
maintain an attention span and recall in the 
postoperative period was investigated. 


METHOD 


From June 1974 to January 1975, 250 
patients undergoing various elective surgi- 
cal procedures were studied. Ages ranged 
from 18 to 88 years. АП patients were inter- 
viewed either at the time of the preopera- 
tive visit or on arrival in the induction room. 
At this time they were told that they would 
be given a number to remember either prior 
to induction, while they were anesthetized, 
or during the recovery period. Premedica- 
tions used were atropine or scopolamine in 
combination with a sedative such as diaze- 
pam, secobarbital, Pantopon?, meperidine, 
or a combination of these agents given in 
standard doses. Anesthesia was induced in 
most cases with a sleep-dose of thiopental, 
in some cases with the addition of diazepam 
or Innovar^. Anesthesia was maintained by 
either inhalation agents such as halothane 
or enflurane or a neurolept technic using 
Innovar-fentanyl in combination with N.O- 
О„ and a muscle-relaxant (d-tubocurarine 
or pancuronium). 


The 250 patients were divided into 5 
equal groups, depending on the stage at 
which the stimulus was presented: 

Group A: Prior to induction 
Group B: Intraoperatively 
Group C: Pre-extubation 
Group D: 


Group E: 


On arrival in recovery room 


Apparently awake 


Group A was given an auditory stimulus; 
a random double digit number was chosen 
just prior to induction of anesthesia approxi- 
mately 45 to 60 minutes after the adminis- 
tration of premedication. When the patients 
were in the recovery room and clinically 
awake and oriented to time and place, they 
were questioned about the number and were 
again questioned 24 hours later. 


Patients in group B were given an audi- 
tory stimulus by means of earphones placed 
with the patients asleep to ensure a given 
constant amplitude of stimulus. A tape re- 
corder delivered the message in an authori- 
tative manner: “The doctor says you need 
number .. . ," followed by a double digit 
number. The message was repeated twice. 
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This method of presentation was believed to 
be of some relevance to the patient without 
producing possible anxiety. Forty patients 
were given this input while clinically anes- 
thetized with varying technics. 


Ten patients of group B were considered 
separately. Atropine was omitted from the 
premedication because of its autonomic 
blockade activity; deep curarization was 
avoided because of its possible ganglionic- 
blocking effect; and anesthesia was main- 
tained with N.O-O. (70:30) and narcotic 
supplementation. These patients received 
their auditory stimuli during a period when 
GSR indicated autonomic activity. These 
responses are linearly related to the secre- 
tion of sweat and are an early response to 
stimuli normally absent during deep anes- 
thesia. The autonomic activity as recorded 
by the GSR correlates with a period of 
arousal. The GSR was recorded with silver- 
silver chloride electrodes, placed on the sur- 
face of the 2nd and 4th middle phalanges. 
Input was recorded on a standard Beckman 
GSR coupler. 


After termination of the anesthetic when 
the patients were clinically awake and ori- 
ented to time and place, they were asked: 
“Do you remember anything unusual the 
doctor said?” This was repeated on leaving 
the recovery room and again 24 hours later. 


Group C patients were given an auditory 
stimulus at the termination of anesthesia 
prior to extubation. This was suggested to 
them at a time when they were able to fol- 
low verbal commands such as “lift your 
head," “open your eyes," “squeeze my 
hand." The message was delivered in an 
authoritative manner: *It is very important 
for you to remember number . . .” The pa- 
tients were questioned about the number 
when they were clinically awake and ori- 
ented to time and place, and again 24 hours 
later. 


Group D patients were given both an 
auditory and a visual stimulus consisting of 
a giant playing card (at the same time vo- 
calizing the number appearing on the card) 
approximately 5 to 10 minutes after ter- 
mination of anesthesia when they arrived 
in the recovery room. Also tested was their 
ability to maintain an attention span by 
having them observe the examiner's finger in 
front of their eyes as long as possible. The 
time of the attention span was recorded. 
These patients were questioned 1 hour later 
in the recovery room for any recall of either 
the auditory or the visual stimulus. If they 
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were not able to recall the number of the 
card, they were presented with a choice of 
3 cards, including the one previously shown 
to them. 


Group E patients were interviewed in the 
recovery room when they were considered 
clinically awake with a normal attention 
span. They were given the same auditory 
and visual stimulus as described for group D 
and were questioned about these stimuli ap- 
proximately 1 hour later. 


RESULTS (table 1) 

1. All 50 patients in group A recalled the 
numbers presented prior to induction at 1 
hour and 24 hours later, irrespective of the 
premedication and anesthetic agents. 


2. None of the 50 patients in group B 
given the message by earphones, including 
the patients to whom the stimulus was given 
at an arousal period as indicated by GSR, 
had any recall, irrespective of premedica- 
tion and anesthetic agents. 


3. Four of the 50 patients in group C 
were able to recall the number given prior 
to extubation; 46 patients had no recall. All 
4 patients with positive recall had thiopen- 


TABLE 1 
Incidence of Recall in Groups A-E 











Number Positive 
Group Time of input of cases recall | 
A Prior to induction 50 50 (100% ) 
B Intraoperatively 50 0 (0%) 
C Pre-extubation 50 4 (8%) 
D On arrival in 
recovery room 50 28 (56%) 
E Apparently fully 
awake 50 50 (100%) 
TABLE 2 
Premedications and Recall of Patients 
in Group C 
Number Positive 
Premedication of cases recall 
Secobarbital/atropine 22 1 
Diazepam/atropine 10 0 
Pantopon/atropine 8 1 
Meperidine/atropine 1 
Meperidine/secobarbital / 0 
atropine 
None 7 1 
Total 50 4 
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tal induction followed by N..O-O. with nar- 
cotic supplementation (Innovar® and fen- 
tanyl, 2 cases; meperidine, 2 cases) and a 
muscle relaxant (tables 2 and 3). 


4. Of the 50 patients in group D, 28 had 
positive recall for the given number, 22 pa- 
tients had no recall (tables 4 and 5). Mean 
attention span in the 28 patients with posi- 
tive recall was 42.6 + 13 seconds and in the 
22 patients with no recall was 4.3 + 2.4 sec- 
onds. 


5. All 50 patients in group E recalled 
both the auditory and visual stimuli. 


DISCUSSION 


The formation of a memory involves suc- 
cessive stages of registration: Information 
input leads to the formation of short-term 
memory, followed by consolidation and 
storage of a long-term memory. Whether a 
given input will lead to the formation of 
either a short-term or long-term memory (a 
memory ‘‘engram’’) depends upon the 
strength of the input and the sensory thres- 
hold at the time." 


It has been postulated that anesthetic 
amnesia occurs by impairment of the mem- 
ory-consolidation process, presumably be- 
tween the short-term and long-term memory 
formation and by attenuation of sensory 
transmission." 


When transient lightening of the anes- 
thetic level coincides with an auditory stim- 
ulus of a highly emotional content, the pos- 
sibilitiy of memory consolidation and later 
recall exists. The problem of recall of an 








TABLE 3 
Anesthetic Agents and Recall of Patients 
in Group C 
Number Positive 
Anesthetic agents of cases recoll 
Thiopental— 
Halothane 19 0 
N.0— 
Thiopental— 
Enflurane 6 0 
N.O— 
Thiopental— 
Innovar-fentanyl 21 2 
N.0— 
Thiopental—N.O 2 0 
Thiopental— 
Meperidine 2 2 
N.O— 


Total 50 4 
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TABLE 4 
Premedications and Recall of Patients in Group D 
Premedication Number of cases Positive recall No recall 
Secobarbital/atropine 12 5 7 
Diazepam/scopolamine 1 1 0 
Diazepam/atropine 12 6 6 
Pantopon/scopolamine 3 1 2 
Pantopon/atropine 13 9 4 
Meperidine/atropine 1 0 1 
Meperidine/secobarbital/atropine 1 1 0 
Diazepam/secobarbital/atropine 1 1 0 
None 6 4 2 
Total 50 28 22 
TABLE 5 
Anesthetic Agents and Recall of Patients in Group D 
Anesthetic agents Number of cases Positive recall No recall 

Thiopental— 

Halothane 12 4 8 
N:O— 
Thiopental— 

Enflurane 5 2 3 
№.0— 
Thiopental— 

Innovar-fentanyl 23 15 8 
N:0— 
Thiopental—N:0 7 5 2 
Thiopental—meperidine T 1 0 
Thiopental—diazepam—N.O 2 1 1 
Total 50 28 22 





intraoperative event has never been a fea- 
ture of deep inhalation anesthesia. Only fair- 
ly recently, with the advent of the thiopen- 
tal-muscle relaxant-N,O-O, technic and the 
concept of balanced anesthesia, have reports 
of recall of intraoperative events, usually 
of an aneedotal nature, appeared. The in- 
creased use of the neurolept-muscle relax- 
ant sequence is partly due to its value in 
high-risk patients and as an alternative to 
repeated exposure to halothane. 


The desire to maintain a high Fro. during 
anesthesia contributes to a reduction of the 
analgesic and amnesic effects of NO. In 
addition, the current concept of maintaining 
the Paco, nearer to physiologic values 
negates the possible analgesic effects of hy- 
pocapnia suggested by Geddes and Gray.* 


As a consequence, an inherent danger of 
the neurolept-muscle relaxant technic lies 
in an uneven anesthetic state, where an ade- 


quately anesthetized sensorium alternates 
with peaks of arousal, without the operator 
being alerted by the more obvious clinical 
signs of too-light anesthesia. It is during 
this period that the patient may be aware of 
external stimuli, if the stimuli are of a high- 
ly emotional or threatening content. They 
may be stored in some part of memory, pro- 
ducing anxiety, and possibly later emotion- 
al disturbance.? 


While Guedel's stages for ether anesthesia 
still remain a yardstick for measuring anes- 
thetic depth, and the EEG patterns obtained 
during anesthesia with other volatile agents 
provide repeatable levels, the neurolept 
technies have no equivalent staging; the 
EEG may even show an awake pattern,!? 
while the clinical signs of autonomic activ- 
ity are often difficult to interpret. In this 
situation, the GSR is a better indication of 
anesthetic depth. 


Awareness and Recall . . . Eisele. et al 


None of the patients in group A (prein- 
duction) showed anterograde or retrograde 
amnesia irrespective of premedication or an- 
esthetic agents used. While previous work 
has demonstrated profound amnesic effects 
of scopolamine and diazepam, we were un- 
able to demonstrate any amnesia for the 
preoperative period. As for diazepam, this 
may not be surprising, since others! !.!? have 
shown that dense anterograde amnesia is 
present only for 10 to 15 minutes after the 
IV injection, with less severe impairment 
existing up to one-half hour. We gave diaze- 
pam IM +1 hour before operation, when 
an amnesic effect would no longer be ex- 
pected. 'l'he absence of retrograde amnesia 
following the various anesthetic technics 
used is in agreement with the findings of 
Dundee and Pandit, who were unable to 
confirm the depressant effect of anesthetic 
agents on a consolidated memory. 


We were unable to obtain any recall from 
patients in group B, whether "adequately" 
anesthetized or in a state of arousal. This is 
in contrast to the work of others in the 
field,*?* where seemingly innocuous and 
irrelevant information has been vclunteered 
in the postoperative period by patients sup- 
posedly anesthetized, while undergoing sur- 
gical procedures. 


Of the 50 patients in group C | pre-extu- 
bation period) 25 patients were anesthetized 
with a volatile agent (halothane or enflu- 
rane) and 25 were anesthetized with a thio- 
pental-N,O-O, technic supplemented by a 
narcotic agent (meperidine or fentanyl). 
All patients responded to verbal commands. 
No recall was obtained from patients anes- 
thetized with a volatile agent, whereas 4 
patients in the group anesthetized with a 
neurolept technic had positive recall. One 
of these 4 patients, on later questioning, was 
under the impression that the number was 
given to him during the operation itself. 


Where an N.O-O.-muscle relaxant tech- 
nic alone is employed, the incidence of re- 
call has been reported as high,?? and awak- 
ening is prompt upon withdrawal of М.О. 
Similarly, with short-acting narcotic supple- 
ments, the patient awakes promptly and a 
high incidence of recall is reported. Those 
patients anesthetized with volatile agents 
would be expected to have suppression of 
memory consolidation for a considerable 
time after the termination of anesthesia as 
the agents slowly elute from the extravas- 
cular depots, re-enter the circulation, and 
prolong anesthesia. 
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These observations hold true in our com- 
parison of results of groups C and D. The 
more time that elapsed following termina- 
tion of the anesthetic, the higher the inci- 
dence с? recall. At the termination of the 
anesthetic, only 4/50 in group-C patients 
had recall, while 28 patients in group D had 
positive recall. Approximately 2/3 of these 
patients had received neuroleptanesthesia 
and approximately 1/3, a volatile agent. 


The postoperative attention span shows a 
close correlation with the memory-consoli- 
dation process and subsequent recall, those 
with a snort attention span having no recall 
and those with a normal or long attention 
span having complete recall. The determina- 
tion of tne postoperative attention span rep- 
resents а valuable measure of a patient's 
ability to recall information given at this 
time and is easily applicable to the clinical 
situatior. 


All patients in group E who appeared to 
be clinically awake were able to retain a 
memory of their given stimulus. 


An anesthetic may be considered to start 
with the awake and medicated patients and 
continue through the various stages of anes- 
thesia tc the “awake” patient, who may be 
still emerging from his anesthetic, the re- 
sults of which may be evident for as long 
as 2 weeks.?! 


The altered perception may range from 
total amnesia, dreams, and/or hallucina- 
tions, tc a loss of 2-point discrimination. 
Memory, by definition, can only occur dur- 
ing a period of awareness; and where this 
occurs even momentarily during the course 
of an anesthetic, it must be regarded as 
inadequate anesthesia for that period. 


We were not able to obtain any recall 
during the intraoperative period and in some 
instance: even into the postoperative period 
when the anesthetic had been discontinued 
for some time. This does not mean that 
intraoperative awareness without recall is 
not a possibility. Attention should be given 
to careful and continuous observation of the 
patient's. face throughout the surgical pro- 
cedure whenever this is possible. A good 
anesthetic, light yet to be devised, would be 
invaluabse. 


We heve been able to demonstrate time 
and again where a patient grimaces, wrinkles 
the forehead or moves his head, that where 
immedia:e contact is made by stroking the 
face or speaking reassuringly, the need for 
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further medication can usually be post- 
poned. Surely this must be regarded as a 
stage of arousal and should it pass un- 
noticed either through inattention or be- 
cause of lack of access to the patient's face, 
sensory input might be perceived, if mot 
remembered, leading to cases of a Traumatic 
Neurotic Syndrome.” 


It is our practice to induce with diazepam 
alone or supplement the induction of Thio- 
pentone sodium with IV diazepam when a 
neurolept anesthetic technique is planned. 
The delay in recovery time is well worth ‘he 
assurance that the likelihood of awareness 
and recall will be lessened.?* Care should be 
taken during the operation to avoid emo- 
tionally disturbing auditory stimuli. Particu- 
lar care is imperative in the pre-extubat on 
period, and similar discretion is advocated 
in the recovery room, where confusion may 
exist for time and place, and events trans- 


posed in memory to the intraoperative 
period. 
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Severe Hypertension in a Child with Wilms’ Tumor: 
A Case Report 


MILTON L. COBB, MD* 
ROBERT W. VAUGHAN, MD} 


St. Louis, Missouri 


Problems of management in a child with a 
large Wilms' tumor and severe uncontrolled 
hypertension presenting for anesthesia and op- 
eration included attempts to determine the 
etiology of the hypertension; identification of 


HE association of Wilms’ tumor (car- 

cinosarcoma, embryoma, nephroblasto- 
ma, adenomyosarcoma) with hypertension 
was first reported in 1938 by Bradley and 
Pincoffs.! However, only 6 cases of severe 
hypertension (diastolic greater than 120 
torr) in the child with Wilms’ tumor have 
been reported.!-^ No mention of this associ- 
ation or suggested management appears in 
the anesthetic literature. This report de- 
scribes the anesthetic management of such 
a patient. 


REPORT OF A CASE 

A 27-month-old, 12.7-kg Caucasian boy 
was referred from another hospital for evalu- 
ation of hypertension associated with a 
large right-sided abdominal mass. During 
initial evaluation at the referring hospital, 
a venacavagram and an intravenous pyelo- 
gram were performed, revealing an abdom- 
inal mass displacing the right kidney down- 
ward and the inferior vena cava to the left 
of the midline. A chest roentgenogram was 
interpreted as normal, blood pressure was 
elevated (180/120 torr), and routine com- 
plete blood count and urinalysis were nor- 
mal. 


Following transfer, physical examination 
revealed an irritable thin child with a pro- 
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hazards produced by attempted rapid pharma- 
cologic control of blood pressure; need for 
urgent operative intervention despite uncon- 
trolled hypertension; and choice of anesthetic 
agent and technic. 


tuberant abdomen. Supine blood pressure 
was 210/140 torr in both arms; the pulse 
rate ranged from 100/minute (resting quiet- 
ly) to 160/minute while crying. A firm, 
smooth, immobile mass was palpable in the 
right upper quadrant, extending vertically 
from the costal margin to the iliac crest 
and medially just across the midline. The 
extremities were warm and the palms of the 
hands constantly appeared flushed. 


Laboratory values on the day of admis- 
sion, including complete blood count, plate- 
let count, serum electrolytes, blood urea 
nitrogen, serum liver enzymes, calcium, and 
phosphorus were all within normal limits. 
No evidence of mestastasis was found on 
chest or skeletal radiographs. 


Attempts to control the blood pressure 
were begun immediately; intravenous and 
oral hydralazine, as well as intravenous 
diazoxide and furosemide were given. Nev- 
ertheless, over the next 36 hours, blood pres- 
sure varied from 170/120 torr to as high as 
240/170 torr. Serum K* had fallen from 3.5 
to 2.7 mEq/L in association with vigorous 
diuretic administration. 


Because of concern for the complications 
of uncontrolled, sustained hypertension (es- 
pecially a cerebrovascular accident),? it 
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was decided to proceed immediately with 
surgical extirpation of the tumor. Presump- 
tive diagnosis was Wilms’ tumor, although 
neuroblastoma and pheochromocytoma were 
considered possible. A urine spot test for 
vanillylmandelic acid had, however, been 
reported as negative. No premedication was 
administered because the patient was se- 
dated from a previous injection ( meperidine 
12 mg) given for planned, but canceled, 
arteriography. 


Upon arrival in the operating room, while 
resting quietly, the patient's blood pressure 
was 200/120 torr with a pulse of 100/min- 
ute. Anticipating the possibility of either 
severe hypertension or hypotension requir- 
ing pharmacologic control, both phentola- 
mine and norepinephrine drips had been 
prepared. A careful inhalation induction 
with halothane-N.O-O. proceeded without 
difficulty, and endotracheal intubation was 
easily accomplished without muscle relax- 
ant. 


A radial-artery cannula was placed as 
soon as the patient lost consciousness, and 
wide-bore intravenous lines (16 gauge) were 
established in both upper extremities. Dur- 
ing induction, the blood pressure gradually 
decreased to 120/70 torr and remained be- 
tween 110/60 and 140/80 torr throughout 
the 4-hour operative procedure. Anesthesia 
was maintained with halothane (1 to 1.5% 
inspired concentration) with manually con- 
trolled ventilation. 


Operative resection included the tumor 
mass involving the right kidney plus the 
adjacent, normal-appearing adrenal gland. 
Five percent dextrose in lactated Ringer's 
solution was administered at a rate of 8 
ml/kg/hr. Operative blood loss (арргохі- 
mately 150 ml) was replaced with warmed 
whole blood as the loss occurred. Upon com- 
pletion of operation and discontinuance of 
halothane, the blood pressure returned to 
150/110 torr; hydralazine and subsequently 
methyldopa were required to maintain dia- 
stolic pressure below 120 torr. 


Microscopically, the mass proved to be 
a Wilms’ tumor with capsular infiltration. 
Biopsied adjacent nodes were negative for 
tumor, as was a biopsy of the opposite kid- 
ney. Chemotherapy and radiotherapy were 
begun, and at the time of discharge, 21 days 
postoperatively, the patient required con- 
tinuation of methyldopa for adequate con- 
trol of his blood pressure. 


At the most recent follow-up, 7 months 
after tumor removal, antihypertensive ther- 


ANESTHESIA AND ANALGESIA... Current Researches VoL. 55. No. 4, JuLv-Aucusr, 1976 


apy was discontinued, as the blood pressure 
had gradually returned to normal. 


DISCUSSION 


Except in association with pheochromocy- 
toma, no description of the anesthetic man- 
agement of the severely hypertensive child 
can be found in pediatric anesthesia texts. 
In the case of pheochromocytoma, hyperten- 
sion is generally controlled pharmacologi- 
cally prior to operation, so that normal 
blood and ECF volumes can be restored. 
With a Wilms’ tumor, however, no reliable 
method of preoperatively adjusting vaso- 
motor tone or blood volume toward normal 
has been reported. 


Presumed mechanisms for the hyperten- 
sion associated with Wilms’ tumor include 
elevated renin levels secondary to renal 
ischemia produced by mechanical compres- 
sion of the renal artery, secretion of renin by 
the tumor itself, and a possible unidentified 
pressor substance secreted by the tumor.” 
However, none of these possibilities would 
fully explain the observed course in this 
patient; he remained hypertensive for sev- 
eral months postoperatively, as have 2 pre- 
viously reported patients.?.^ Causes for con- 
tinued renin production or pressor substance 
secretion in our patient were not apparent; 
there was no demonstrable residual or meta- 
static tumor tissue and the contralateral 
kidney was normal. Elevated blood-renin 
levels were present intraoperatively, but 
these values fell to normal by the day after 
operation. In spite of normal renin levels, 
antihypertensive medication was still neces- 
sary for pressure control. 


Problems may be posed by therapy aimed 
at lowering blood pressure preoperatively. 
In 2 reported instances," attempted pre- 
operative control with antihypertensive 
drugs has not been successful; both children 
died preoperatively of hypertension-related 
complications. Of added interest, if renin 
is indeed a factor in the production of hy- 
pertension with Wilms' tumor, acute diu- 
retic administration and vasodilating anti- 
hypertensive drugs may further increase 
renin activity." Propranolol has been recent- 
ly reported to cause a fall in renin activity,? 
so that one might be presented preoperative- 
ly with a child acutely treated with pro- 
pranolol. The consequences of acute and 
possibly intense beta-blockade just prior to 
anesthesia have not yet been fully demon- 
strated. 


Wilms’ Tumor ... Cobb and Vaughan 


Aggressive diuretic therapy may also alter 
serum electrolytes significantly. In our pa- 
tient, serum К° fell from 3.5 to 2.7 mEq/L 
preoperatively. Use of nondepolarizing mus- 
cle relaxants could, therefore, result in a 
neuromuscular block which could not be 
predictably antagonized. Dangerous ventric- 
ular arrhythmias could be produced by halo- 
thane anesthesia administered in face of 
hypokalemia and hypertension. In addition, 
the possibility of acute ECF depletion con- 
sequent to potent diuretics might be masked 
by a marked degree of systemic vasocon- 
striction. In that situation, precipitous falls 
in blood pressure from anesthetic-induced 
vasodilation and myocardial depression 
could be predicted. 


Presented with a child with severe, un- 
controlled hypertension, we chose halothane 
for its controllability in lowering blood pres- 
sure to the desired level. We were con- 
cerned that sustained systolic levels of 150 
to 200 torr would contribute to massive 
blood loss during resection. Equally worri- 
some was the possibility of a cerebrovascu- 
lar accident if a further increase in blood 
pressure ensued during manipulation of the 
tumor. The possibility of a catecholamine- 
secreting tumor also was considered, despite 
a single preoperative negative urine spot 
test for vanillyImandelic acid. 


Pharmacologic preparation for treatment 
of sudden hypotension and/or hypertension 
during extirpation of the tumor seemed pru- 
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dent. However, the ease with which the 
blood pressure was controlled intraopera- 
tively in this child was a pleasant surprise; 
this fincing is consonant with the experience 
of at least 1 other pediatric anesthesia 
group. * 
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A double-blind comparison of lorazepam and 
placebo, lorazepam and pentobarbital, and a 
comparison of lorazepam IV drip versus lera- 
zepam IV bolus as a premedicant showed this 


[ 20м, а 1,4-benzodiazepine seda- 
tive, has been reported to have anti- 
anxiety and antirecall effects.? The pur- 
pose of this study was to evaluate the effi- 
cacy of lorazepam as a preanesthetic medi- 
cation in producing lack of recall for specific 
events prior to and after anesthesia апа 
operation. 


METHODS 

Adult patients (n=140) in ASA classes 
I and II, weighing between 45 and 90 kg, 
were studied; all gave written informed con- 
sent before entering the study. None were 
receiving monoamine oxidase inhibitors or 
had a known sensitivity to barbiturates or 
benzodiazepines. No other sedatives or psy- 
chotropic durgs were permitted during the 
study, but no restrictions were placed on 
the technic of anesthesia selected. Neuro- 
surgery, open-heart surgery, and organ- 
transplant surgery were specifically ex- 
cluded. 


The study was carried out in 3 parts. In 
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new agent to offer promise as a sedative pre- 
medicant. However, the potency of the drug 
demands caution, and its use for outpatient 
premedication is not recommended. 


part I, 50 patients were studied in a double- 
blind controlled manner, to document the 
differences between lorazepam (4 mg) and 
placebo (propylene glycol vehicle) admin- 
istered IV. Meperidine (50 mg) and atro- 
pine (0.6 mg) were given IM to all patients 
approximately 1 hour before injection of 
lorazepam or placebo. Fifteen minutes after 
injection, a memory card consisting of a 
large dollar bill was displayed to obtain the 
patient's verbal response. 


Patients were visually and verbally ori- 
ented to events and objects from the time 
they were transported from their hospital 
room until induction of anesthesia. Blood 
samples were analyzed for plasma concen- 
trations of lorazepam. 'Twenty-four hours 
postoperatively, the following questions 
were asked: 


1. Do you remember anything on the way 
to the operating room? 2. Do you remember 
entering the operating room? 3. Do you 
remember being moved from the stretcher 
to the operating table? 4. Do you remember 
seeing the operating room surgical light? 


P 
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5. Do you remember being shown a card yes- 
terday? (If the patient could not remember 
being shown the card, he was reminded that 
he had been, and was asked to pick it out 
of a composite of 8 different cards.) 6. Do 
you remember leaving the recovery room? 
7. Do you remember the physician cleansing 
your skin for anesthesia? 8. Do you remem- 
ber the physician sticking you with a small 
needle and asking you when you could feel 
the needle? 9. Do you remember the anes- 
thesia mask being placed over your face? 
10. Do you remember doubling up your 
knees in preparation for the anesthesia? 11. 
Do you remember the physician starting the 
IV? 12. Did the injection make you sleepy 
or drowsy? 13. Do you remember leaving 
your hospital room? 


Part II of the study was a double-blind 
controlled study of 50 patients to determine 
the difference between lorazepam (4 mg) 
and pentobarbital (100 mg), administered 
IM as the sole premedicant the morning of 
operation. About 2 hours later, the memory 
card was shown. Patients were visually and 
verbally oriented to events and objects from 
the time they were transported from their 
hospital room until induction of anesthesia. 
The standard 24-hour interview was per- 
formed to determine the patient's recall 
ability. 


In part III of the study, 40 patients were 
given lorazepam, either by IV drip or by 
an IV incremental bolus, 60 minutes after 
50 mg of IM meperidine and 0.6 mg of IM 
atropine, to determine if some clinical evi- 
dence other than drowsiness would act as 
an endpoint for the drug administration. Pa- 
tients were visually and verbally oriented to 
events and objects from the time they were 
transported from their hospital room until 
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induction of anesthesia. Fifteen minutes 
after administration of lorazepam, a mem- 
ory card was shown and a 24-hour interview 
to test recall ability was conducted. 


Age, weight, and height differences in all 
groups were analyzed using a 1-way analy- 
sis of variance. Race proportions in all 
groups were compared by chi-square. Sex 
proportions, anesthetic agents, muscle re- 
laxants, other intraoperative medication re- 
ceived, medication received in the recovery 
room, supplemental anesthetics, and surgi- 
cal procedure classification were compared 
in all 3 groups by Fisher's exact test. 


A subjective response by the patient and 
physician regarding sedation and patient 
acceptance (excellent, good, fair, not ac- 
ceptable) was also elicited and subjected to 
chi-square testing in all 3 groups. 'The Fisher 
test was used to compare results of the 24- 
hour interview and to compare the incidence 
of adverse effects in all groups. 


RESULTS 

The drug groups (stratified by general 
and regional anesthesia types) were found 
to be homogeneous with respect to age, 
weight, height, sex, race, anesthetic agents, 
intraoperative muscle relaxants and other 
medication received, medication in the re- 
covery room, supplemental anesthesia, and 
surgical procedures. 


Group I: Lorazepam Versus Placebo (IV ). 
—The sedative effect of lorazepam was ob- 
served by both the patient and the physi- 
cian and was well accepted by the patient. 
These effects were not always evident in the 
placebo group. Recall for specific events as 
elicited by questions asked in the 24-hour 
interview is shown in table 1. In the loraze- 
pam greup, 85% of the patients tested and 


TABLE 1 
Recall for Specific Events—Lorazepam vs Placebo 


Events 


Patients failing to recall/patients tested* 
Placebo (IV) 





Lorazepam (4 mg IV) 





Entering OR 

Stretcher to OR table 

OR surgical light 

Anesthesia mask 

Cleaning skin 

Doubling up knees (regional anesthesia) 
Needle for anesthesia level 

Leaving recovery room 


16/20t (80%) 
18/20t (90%) 


2/20 (1096) 
2/19 (11%) 


15/20t (75%) 0/20 (0%) 
11/12} (92%) 4/16 (25%) 
6/7} (86%) 0/3 (0%) 
3/3 (100%) 0/3 (0%) 
6/TE (86%) 0/3 (0%) 


16/19} (84%) 7/20 (35%) 


*Ten patients in a pilot study not included in statistical analysis. 


їр<0.01. 
tp«0.05. 
() Percent failure to recall. 
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Mean Concentrations of Free and Conjugated Lorazepam 
бб in Human Plasma after an Intravenous Injection of 4mg. 
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FIGURE. Concentrations of free and conjugated 
Lorazepam in human plasma after an intravenous 
injection of 4 mg. 


595 of those tested in the placebo group 
(p<0.01) failed to recall the memory card, 
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while 76.5%, and 097 respectively, failed on 
the composite recognition aspect. Two pa- 
tients given lorazepam who exhibited dis- 
orientation and hallucinatory behavior, re- 
sponded satisfactorily to physostigmine. 


'The figure shows mean concentrations of 
free and conjugated lorazepam in human 
plasma following IV injection of 4 mg. No 
correlation appeared between plasma con- 
centrations of lorazepam and lack of recall. 
Table 2 shows the relationship of the degree 
of sedation, recall, and recognition of the 
memory card in 10 patients. 


Group II: Lorazepam Versus Pentobarbi- 
tal (IM ).—An immediate pain reaction at 
the injection site was experienced in sig- 
nificantly more of the patients receiving 
lorazepam (p«0.01). No significant differ- 
ence was found in sedation between the 2 


TABLE 2 
Plasma Levels of Free Lorazepam (ng/ml) Obtained 15 Minutes After 
An IV Dose of 4 mg, and Their Relationship to the Degree of 
Sedation, Recall and Recognition of the Memory Card 




















Patient Plasma concentration (ng/ml) Memory card 
number Free Conjugated Degree of sedation Recall Recognition 
121 56.2 17.8 Marked sedation (—) (—) 
124 90.3 12.2 Marked sedation (—) (—) 
125 66.5 18.9 Marked sedation (—) (+) 
127 122.9 27.4 Marked sedation (—) (+) 
129 121.4 23.3 Marked sedation (—) (+) 
133 99.5 21.9 Sedation (—) (—) 
134 106.1 7.8 Marked sedation (—) (—) 
136 99.3 11.6 Sedation (—) (+) 
138 44.3 20.2 Marked sedation (—) (—) 
140 46.0 11.2 Marked sedation (—) (—) 
TABLE 3 
Recall for Specific Events—Lorazepam vs Pentobarbital 
Patients failing to recall/patients tested 
Events Lorazepam (4 mg IM) Pentobarbital (100 mg IM) 
Leaving hospital room 8/25* (32%) 0/25 (0%) 
Anything on way to OR 14/25} (56%) 5/24 (21%) 
Entering OR 14/25* (56%) 3/25 (12%) 
Stretcher to OR table 18/25* (72%) 4/25 (1696) 
Starting IV 11/24* (46%) 0/23 (0%) 
OR surgical light 17/25* (68%) 3/25 (12%) 
Anesthesia mask 14/19* (7496) 4/23 (17%) 
Cleaning skin 2/7 (28%) 0/2 (0%) 
Doubling up knees (regional anesthesia) 2/2 (100%) — 
Needle for anesthesia level 4/7 (57%) 0/2 (0%) 
Leaving recovery room 19/25* (76%) 8/25 (32%) 


*p<0.01. 
1р<0.05. 
() Percent failure to recall. 
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groups. (“Did the injection make you feel 
sleepy or drowsy?") No significant differ- 
ences were noted regarding patient accept- 
ance of medication or the physician's clini- 
cal judgment of premedication. Patients giv- 
en lorazepam showed significantly less abil- 
ity to recall events than those given pento- 
barbital, as evidenced by the results of the 
24-hour interview (table 3). Sixty-eight per- 
cent of the patients in the lorazepam group 
could not recall the memory card and 47% 
failed to recognize the card from the com- 
posite picture. Only 16% in the pentobar- 
bital versus 6895 in the lorazepam group 
(p<0.01) failed to recall the card, and all 
recognized the card from the composite 
picture. 


Part III: Lorazepam Drip Versus Bolus. 
—Drowsiness appeared at a mean dose of 
0.053 (+ SD 0.0268) mg/kg and at a mean 
time of 8.15 ( SD 3.4) minutes with the 
IV continuous drip method and with a mean 
dose of 0.059 (+ SD 0.0268) mg/kg and a 
mean time of 6.9 (+ SD 3.19) minutes by 
bolus. However, lack of ability to recall 
specific events was equally evident by both 
technics, as 82% could not recall the mem- 
огу card and 64% failed to recognize the 
card from the composite picture. With seda- 
tion as an endpoint, 32/38 patients said they 
felt sleepy or drowsy following the injec- 
tion. Euphoria was seen in 1 patient and 
hallucinations, with difficulty in depth per- 
ception, were reported by another. Accept- 
ance of the medication by physicians and 
patients was good. 


DISCUSSION 


Our study indicates that lorazepam is a 
satisfactory preanesthetic sedative. Addi- 
tionally, it effectively prevents recall of 
events surrounding the operative period, an 
effect certainly beneficial in some patients. 
The drug is well accepted and well tolerated 
by patients but is extremely potent and may 
prove difficult to learn to use effectively, 
since it is easy to "severely obtund" a pa- 
tient for a long time in the postoperative 
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period if too much is given. We recommend 
that it not be used for premedication of 
outpatients. 


It became obvious at the end of our study 
that the dosage of lorazepam necessary to 
produce lack of recall may not necessarily 
correlate with the dosage necessary to pro- 
duce an easily recognizable clinical effect, 
but the agent appears compatible with cur- 
rent anesthetic agents and technics. Al- 
though 3 patients exhibited CNS excitation 
following its administration, all were easily 
reversible with physostigmine.? 


The benzodiazepine tranquilizer, diaze- 
pam, has been used successfully as an am- 
nesic in combination with the N.O-narcotic- 
muscle relaxant technic.*.-? Ghoneim's group? 
attempted to relate plasma levels of diaze- 
pam and a diazepam metabolite, desmethyl- 
diazepam, to mood levels. Correlation was 
found between plasma levels of diazepam 
and some of the mood ratings, but these 
authors concluded that plasma levels can- 
not be meaningfully related to cerebral ef- 
fects without further studies. We have not 
seen any correlation between plasma levels 
of lorazepam and recall ability. 
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Intraoperative Awakening for Early Recognition of Possible 
Neurologic Sequelae During Harrington-Rod Spinal Fusion 
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To permit early recognition of possible cord 
trauma due to spinal fusion with Harrington- 
rod instrumentation, 42 patients were awak- 
ened intraoperatively for testing voluntary 
motor function of the limbs. N.O-O.-curare 
and morphine were used for anesthesia in all 
patients. In 5 patients, who refused IV induc- 


Рр" spinal fusion with Harrington- 
rod instrumentation for correction of 
scoliosis is increasingly common. One of the 
complications of this operation is paraplegia, 
with a reported incidence of 0.1%.! 


To prevent this complication, Vauzelle 
and associates? awakened patients intraop- 
eratively to check voluntary motor power of 
the limbs. The anesthetic agents used were 
hydroxydione, sodium succinate, succinyl- 
choline, and diallylnortoxiferine (Alcuroni- 
um") plus a narcotic (unnamed). Intraop- 
erative check disclosed loss of voluntary leg 
motion following rod placement in 3 pa- 
tients. In the first, motion returned within 
5 minutes of rod removal. When the rod was 
replaced with less distraction, voluntary leg 
motion was lost again, but was regained on 
rod removal. In the second, the authors 
were able to replace the rod later, after halo 
traction. In the third, reduction of the dis- 
traction was sufficient to bring about return 
of function without removal of the rod. 


At the Children's Hospital Medical Cen- 
ter of Boston, 340 patients were operated 


tion, halothane was given for induction only. 
Only 1 patient had any complaint referrable 
to being awakened intraoperatively. The awak- 
ening caused no displacement of Harrington 
rods in any patient. No neurologic sequelae 
were found. 


on for spinal fusion during the year October 
1974-September 1975. Of this series, 2 pa- 
tients are known to have had postoperative 
neurologic deficits. The loss of motor func- 
tion in one was related to spinal operation 
but not to Harrington-rod instrumentation. 
The second case is reported here as an 
example of transient neurologic deficit due 
to use of a Harrington rod; this was detected 
early and countermeasures were taken which 
prevented permanent neurologic damage. 
The anesthetic technic employed for pa- 
tients to be awakened intraoperatively is 
also described. 


CASE REPORT 


A 15-year-old girl was admitted with a 
diagnosis of idiopathic scoliosis which had 
been detected during a routine physical ex- 
amination. She had no cardiorespiratory 
symptoms attributable to scoliosis. Neuro- 
logic findings were benign. Standing roent- 
genograms showed a right thoracic curve of 
57° from 6th dorsal to 1st lumbar verte- 
bras and a left lumbar curve of 43° from 
1st lumbar to 5th lumbar vertebras. Hemato- 
crit was 43.3% and urinalysis, electrolytes, 
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prothrombin time, and partial thromboplas- 
tin time were normal. Chest x-ray and pul- 
monary-function tests showed moderate re- 
strictive lung disease. 


The patient was scheduled for posterior 
spinal fusion from 5th dorsal to 3rd lumbar 
vertebras with iliac bone graft and Harring- 
ton-rod instrumentation. Premedication con- 
sisted of pentobarbital, 2 mg/kg orally at 
0500 hr, and atropine (0.015 mg/kg), and 
morphine (0.15 mg/kg) IM, 90 minutes 
before operation , which was at 0800 hr. 
Anesthesia was induced with thiopental 
(5 mg/kg) and succinylcholine (1.5 mg/kg) 
IV, followed by endotracheal intubation 
with a 7-mm cuffed tube. Anesthesia was 
maintained with N.O-O.-curare and mor- 
phine. Anesthetic course throughout the 
operation was uneventful. 


At the end of the procedure, the patient 
was turned supine on a Striker frame, with 
the endotracheal tube in place. Muscle re- 
laxants were reversed with atropine and neo- 
stigmine. The N.O was discontinued and 
100% О. was administered. The patient 
opened her eyes and was awake within a 
few minutes. 


As the anesthesiologist was preparing to 
extubate the patient, one of the surgeons 
asked the patient to move her feet. She was 
able to move her right foot but not her left. 
A sensory deficit was noted on the right 
side up to the midthoracic level. The patient 
also had urinary incontinence. At this time, 
she was conscious enough to raise her head, 
both arms, and right foot, but still could 
not move her left foot. 


With the patient reanesthetized and 
placed prone on the operating table, the 
surgical incision was reopened and the 
Harrington rod removed. Fifth dorsal to 3rd 
lumbar interspaces were explored, but no 
abnormality could be detected. 'The incision 
was closed and the patient was again awak- 
ened in the supine position, but was still 
unable to move her left foot. Immediate 
postoperative neurologic examination dem- 
onstrated a band of sensory loss below the 
left nipple, loss of motor function in the 
left lower limb, and sensory loss in the right 
lower limb. 


Progressive neurologic improvement was 
noted over the next 12 hours. A myelogram 
on the 1st postoperative day was negative. 
The patient remained incontinent of urine 
for the next 8 days and required intermit- 
tent catheterization (12 hourly). On the 9th 
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postoperative day, urinary residual in- 
creased, and a cystometrogram showed a 
hypotonic autonomous bladder with dener- 
vation hypersensitivity to bethanechol chlo- 
ride (Urecholine*). Intermittent catheter- 
ization was continued. 


Treatment by localizer cast reduced her 
dorsal curve to 37° and lumbar curve to 23°. 
She was discharged to recumbency at home 
on the 23rd postoperative day. At followup 
3 months later, a repeat cystometrogram was 
normal and the patient was found to have 
complete motor and sensory recovery except 
for a patch of sensory loss on the left side 
of the chest. 


CASE DISCUSSION 


'The mos: likely cause of neurologic defi- 
cit after Harrington-rod instrumentation is 
the stretching of the arteries supplying the 
spinal cord. It is known that transient 
spasm or prolonged occlusion of the artery 
of Adamkiewicz will cause paraplegia at the 
8th dorsal level. Most paraplegias result- 
ing from correction of scoliosis are at the 
8th dorsal level, in curves measuring over 
100?.! Other causes could be accidental sur- 
gical trauma to the spinal cord or compres- 
sion of the spinal cord due to hematoma for- 
mation. In this patient, exploration of the 
wound did not reveal any visible damage to 
the cord, and the postoperative myelogram 
ruled out hematoma. Neurologic improve- 
ment during the 24 hours postoperatively 
indicated that the trauma to the spinal cord 
was of a transient nature. 


Awakening Technic—To prevent recur- 
rence of the above complication, the prac- 
tice of awakening patients during Harring- 
ton-rod instrumentation was adopted at 
Children’s Hospital Medical Center and ap- 
plied to 42/46 patients between January 
and May 1975. Of the 4 patients not awak- 
ened, 2 were mentally retarded and 2 were 
considered too young to cooperate (1 and 3 
years of age). Preoperatively, all parents 
and all older children and adults were in- 
formed of this procedure, but younger chil- 
dren, under age 12, who might be frightened, 
were not so informed. 


Preoperative medication for all patients 
consisted of pentobarbital (2 to 4 mg orally 
on the morning of operation) and atropine 
(0.015 mg/kg) with morphine sulfate (0.1 
mg/kg IM. 90 minutes before operation. In 
41/46 patients, anesthesia was induced by 
IV thiopental (3 to 5 mg/kg) followed by 
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1 mg/kg of succinylcholine and tracheal in- 
tubation. Five patients who refused IV in- 
jection were induced with N.O-O.-halo- 
thane. The halothane was used only for 
induction and was discontinued after an IV 
infusion was established. Anesthesia was 
maintained with N.O-O.-curare and mor- 
phine in all patients. Dosage of morphine 
during the operation varied from 0.1 to 0.2 
mg/kg and curare from 0.35 to 0.5 mg/kg 
initially, with supplemental doses of 0.01 to 
0.05 mg/kg morphine and 0.1 to 0.3 mg/kg 
curare, when necessary. 


No special attempt was made to keep pa- 
tients under light anesthesia for the sake of 
intraoperative awakening. Intervals from the 
induction of anesthesia to intraoperative 
awakening varied from 215 to 6 hours and 
intervals from the last dose of curare to the 
time of intraoperative awakening ranged 
from 10 minutes to 4 hours. 


To test spinal function after the Harring- 
ton rods were in place, N.O was discontin- 
ued and patients were hand-ventilated with 
О». At this time, we insisted that the opera- 
tive procedure be stopped and silence be 
maintained in the operating room while pa- 
tients were awakened and until they were 
reanesthetized. A member of the anesthesia 
team observed the patient's feet under the 
drapes. Within 1 minute, the anesthesiolo- 
gist called the patient by name and asked 
him to move his hands and feet. The maxi- 
mum lime to awaken after the N.O was 
turned off was 5 minutes, and in most pa- 
tients was less than 2 minutes. 


Increases in blood pressure of 10 to 20 
torr and pulse rate of 10 to 20/minute were 
noted in all patients at this time. In 1 pa- 
tient, the curare had to be reversed with 
atropine and neostigmine before the patient 
was able to move his hands and feet on 
command. His last dose of curare had been 
given 20 minutes prior to intraoperative 
awakening. In 1 other patient, naloxone 
hydrochloride was needed to reverse the 
morphine. As soon as movement of the 
hands and feet was noted, patients were re- 
anesthetized with 70% N,O and 30% O., 
followed by thiopental (1 to 2 mg/kg) and 
supplemental doses of curare and morphine. 
Diazepam (0.1 mg/kg) was given to pro- 
vide retrograde amnesia. 


In most instances, curarization was re- 
versed and patients extubated in the operat- 
ing room. In patients whose preoperative 
pulmonary-function tests showed less than 
50% of predicted value, curare reversal has 
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not been attempted. These patients have 
been supported by mechanical ventilation 
for 24 hours after operation, then weaned by 
intermittent mandatory ventilation and ex- 
tubated when their vital capacity was more 
than 10 to 15 ml/kg and their inspiratory 
force more than 25 to 30 cm H.O. In post- 
operative interviews, 41/42 patients who 
were awakened intraoperatively did not 
have any complaints related to anesthesia. 


No leading questions were asked regard- 
ing intraoperative awakening, and in only 
1 patient was there any recollection of the 
event. This patient, a 30-year-old woman 
who previously had required tranquilizer 
therapy, complained that she remembered 
hearing the surgeons talking about her dur- 
ing the operation. She recalled music being 
played in the operating room and could also 
feel the surgeons working on her back, stat- 
ing that she did not feel pain but complain- 
ing that it was unpleasant. She had under- 
gone a posterior spinal release 2 weeks be- 
fore the Harrington-rod fusion and had re- 
quired high doses of morphine for pain 
postoperatively. During the operation for 
spinal release, no difficulty was encountered 
during anesthesia, but during the operation 
for Harrington-rod fusion, she required more 
frequent and higher doses of morphine and 
curare than during the preceding operation, 
possibly through development of acute toler- 
ance to opiates. 


In no patient in whom this technic was 
used were there any neurologic sequelae. 
This does not mean that there might not 
be in the future, but it does offer a means of 
early recognition and treatment. Awakening 
and movement of patients intraoperatively 
did not dislodge the Harrington rod in any 
patient. 
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Fluroxene is highly toxic to several animal 
species. This toxicity is enhanced by induction 
of raised levels of hepatic microsomal en- 
zymes. Experiments in rats are described which 
seek to assess the relative contribution to this 
toxicity of the individual component groups of 
the fluroxene molecule. Though results point to 
the trifluoroethyl moiety of fluroxene as that 


HE anesthetic, fluroxene, has recently 

been demonstrated to be toxic to several 
animal species under certain circumstances.! 
Rats, guinea pigs, and mice have been shown 
to display toxic effects when chronically ex- 
posed to concentrations of fluroxene as low 
as 30 parts per million (1/2000 MAC). 


That this toxicity is the result of some 
aspect of fluroxene biotransformation, rather 
than an effect of fluroxene itself, is suggest- 
ed by the demonstration of increased mani- 
festations of toxicity following hepatic mi- 
crosomal enzyme induction, with a decrease 
in these when microsomal enzyme activity 
is suppressed.?.? 


aspect of the molecule most responsible for the 
observed mortality, reduction of the vinyl 
group m-difies the pattern of liver injury. That 
the liver necrosis, manifest following flurox- 
ene ane=hesia in the presence of microsomal 
inductior, is alone the direct cause of the acute 
death of experimental animals is questioned. 


There is some evidence to suggest that 
formatican of the highly toxic trifluoroethanol 
from the fluorinated ethyl moiety of flurox- 
ene is responsible for these toxic effects.*.» 
But, wkereas fluroxene anesthesia in the 
presence of enhanced hepatic microsomal 
mixed £inction oxidase levels resulted in 
florid liver necrosis, direct exposure of ani- 
mals tc trifluoroethanol resulted in the 
death o the animal without similar histo- 
logic changes in the liver.” We questioned, 
therefor=, the contribution to the manifest 
toxicity that might result from the catabo- 
lism of he vinyl moiety of fluroxene. 


To ths end, we exposed groups of rats in 
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HH HH HH HH lib until then, rats were starved for 24 hours 
H-C-C-0-C-C C-C-O-C-C after the 3rd phenobarbital injection, at 
HH H H ù which time (day 4) they were anesthetized. 
Ethyl vinyl ether FH HH Divinylether In the event of survival, this program was 
F-C-C-0-C-C repeated. Survivors were then sacrificed by 
FH H cervical dislocation on the 3rd day there- 

Trifluoroethyl vinyl ether after. 

(Fluroxene) 

Animals were anesthetized in groups of 5 
FH HH for periods of 3 hours in a standard dessi- 
F-C-C-0-C-C-H cator 28 cm in diameter with a volume of 
FH HH 27.3 L, of which 4 L, the volume below the 
Trifluoroethyl ethyl ether grid, was filled with standard anesthetic soda 
Fic 1. Structural formulas of fluroxene and the lime. Additional chemical СО, absorption 


3 related compounds studied. 


which levels of microsomal enzymes had 
been increased (together with appropriate 
control groups) to fluroxene anesthesia and 
to 3 related compounds, each of which com- 
prised some aspect of the fluroxene struc- 
ture. We noted thereafter manifestations of 
toxicity as determined by (1) death or sur- 
vival of the animal and (2) examination of 
liver histology. 


The structural formulas of fluroxene and 
the 3 other anesthetic compounds exempli- 
fying modifications of aspects of this stmuc- 
ture (fig 1) are as follows: 


1. Fluroxene: 2,2,2-trifluoroethyl vinyl 


ether.* 


2. Vinamar, or ethyl vinyl ether, the non- 
fluorinated analog of fluroxene.1* 


3. Vinesthene, or divinyl ether.i^ 


4. Trifluoroethyl ethyl ether (TFEE), a 
chemically reduced form of fluroxene in 
which the vinyl moiety is hydrogenated to 
an ethyl group. 


METHODS 

The experimental animals were 200 to 
300-gm male Sprague Dawley rats. Liver 
microsomal enzyme levels were enhanced by 
the daily intraperitoneal administration of 
phenobarbital (80 mg/kg/day) for 3 days 
preanesthetic. The concentration of pheno- 
barbital sodium in saline solution used was 
10 mg/ml, giving injection volumes of ap- 
proximately 2 ml. Control rats were injected 
with similar volumes of physiologic saline 
solutions. 


Having been allowed food and water ad 





*Ohio Medical Products. 
*Fluka, AG. 
iBritish drug houses. 


was provided for by the placement of extra 
vertically standing perforated containers of 
soda lime between the animals. 


The anesthetic agents were carried by a 
flow of O. (5 L/min) passed through a va- 
porizer and the anesthetic chamber in se- 
ries. In such circumstances, the level of am- 
bient CO, in the anesthetic chamber was 
less than 1%. In the case of ethyl vinyl 
ether and divinyl ether, because of their 
limited availability, a lower O. flow (2 
L/min) was used. 


Animals were exposed to anesthetic and 
subanesthetic concentrations of fluroxene (3 
and 0.5%) delivered from a Fluoromartec* 
vaporizer, or to concentrations of the other 
agents sufficient to maintain a very light 
level of anesthesia, in equianesthetic con- 
centrations. This level of anesthesia was de- 
fined as that at which response to paw-pinch- 
ing became obtunded. TFEE, which pro- 
duced anesthesia in rats, was synthesized in 
our laboratory by reduction of commercially 
available fluroxene with hydrogen in the 
presence of a palladium catalyst. Reduction 
of the vinyl function was checked by IR 
spectrophotometry, the material being treat- 
ed to remove peroxides and redistilled before 
use.” All agents were screened to exclude 
the presence of peroxides. 


After the death or sacrifice of experimen- 
tal animals, the livers were immediately ex- 
cised and fixed in formalin. Thereafter, sec- 
tions of liver were stained with hematoxylin- 
eosin (H & E) and submitted to light mi- 
croscopy. 


RESULTS 

The tabulated results, in terms of anes- 
thetic agent, number of 3-hour exposures, 
mortality, and histology (table) reveal that 
all enzyme-induced rats exposed to flurox- 
ene, both in anesthetic and subanesthetic 
concentrations, died after a single 3-hour 
exposure. Similar mortality followed expo- 
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Fluroxene Toxicity .. . Harrison, et al 
TABLE 
proce — - ЕЕ o ПШ 
Microsomal 
state: 
+ = with Duration 
induction of Number 
0 — no anesthetic, of 
Anesthetic induction hours exposures Mortality Histology 
Fluroxene 396 + 3 1 20/20 Periportal congestion, gross centrizonal 
necrosis or marked cell damage in all. 
0.5% + 3 1 10/10 Peripertal congestion, gross centrizonal 
necrosis or marked cell damage in all. 
3% 2 0/20 Periportal hydropic changes, 8/20. 
0.595 0 2 0/10 Normal histology. 
TFEE Ер 1 12/12 Frank centrizonal necrosis, 2/12. Marked 
fatty infiltration + areas of focal 
necrosis and cell damage, 10/12 
0 3 1 0/12 No centrizonal necrosis. Miliary fatty 
infil;rgtion and periportal hydropic 
degeneration, 6/12. 
Vinamar + 3 2 0/9 No necrosis. Periportal hydropic 
degeneration, 2/9. 
0 3 2 0/10 No necrosis. Periportal hydropic 
degeneration, 5/10. 
Vinesthene + 3 2 0/5 Мо necrosis. Periportal hydropic 
degeneration, 4/5. 
0 3 2 0/5 No necrosis. Periportal hydropic 


degeneration, 4/5. 
a aeie 


sure of enzyme-induced rats to TFEE. This 
mortality, which occurred during or shortly 
after anesthesia, was associated with his- 
tologic evidence of severe centrizonal liver 
damage: frank necrosis, chromatolysis, fatty 
infiltration, pyknosis, and cloudy swelling 
(figs 2 and 3). Congestion, especially in the 
periportal areas, was a marked feature, par- 
ticularly of those enzyme-induced animals 





Fic 2. Diffuse centrizonal necrosis and congestion in enzyme- 


exposure to 0.5% fluroxene. Н & E x 160. 


anesthetized by fluroxene. The incidence 
of frank necrosis was much lower in en- 
zyme-induced animals after anesthesia with 
TFEE, in which circumstance marked fatty 
infiltration with centrizonal pallor was the 
most consistent finding (fig 4). The magni- 
tude of histologic liver damage in some ani- 
mals after TFEE did not appear sufficient 
to account for death. 


induced rat dying 8 hours after 3-hour 
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SN 


Fic 3. Early centrizonal changes in enzyme-induced rat dying at termination of 3-hour exposure to 3% 
fluroxene. Note chromatolysis, pallor, congestion, and occasional pyknotic cells. H & E x 400. 





Fic 4. Centrizonal pallor, chromatolysis, and fatty infiltration in enzyme-induced rat dying 12 hours 


after 3-hour exposure to TFEE. H & E x 800. 


No mortality occurred in the relevant flur- 
oxene- or TFEE-anesthetized, uninduced 
controls, nor in any induced or uninduced 
animal exposed to vinamar or vinesthene. 
Nor was there evidence of centrizonal ne- 
crosis in any of these animals. However, the 
livers of some showed a nonspecific peri- 
portal hydropic change, apparent in both 
enzyme-induced and uninduced control ani- 
mals. 


DISCUSSION 
Following phenobarbital induction of mic- 
rosomal enzymes— 


1. Fluroxene, even in subanesthetic con- 


centrations, causes florid liver necrosis and 
death. 


2. Modification of the vinyl group of 
fluroxene to an ethyl moiety does not lessen 
this mortality, though it does produce a dif- 
ferent and less extreme pattern of liver dam- 
age. 


3. Neither mortality nor histologic liver 
necrosis followed repeated exposures of ani- 
mals to ethyl vinyl ether or divinyl ether. 


Considering as the index of toxicity the 
mortality which occurred in the presence of 
enzyme induction following exposure of rats 


Fluroxene Toxicity .. . Harrison, et al 


to the test agents, it is immediately appar- 
ent that the trifluoroethyl moiety is the 
common denominator, no mortality result- 
ing in its absence. However, the modifica- 
tion of the histologic pattern of liver injury 
following the use of TFEE rather than flur- 
oxene suggests that the vinyl group must in 
some way be involved in the induction of 
the liver damage which, in itself therefore, 
may not be the direct cause of death in the 
experimental animals. This is in agreement 
with our earlier report that catabolism of 
the vinyl group of fluroxene, in vivo or in 
vitro, results in the destruction of hepatic 
cytochrome P450.?.? It is surprising, in view 
of the apparent damage caused to the liver 
by the biotransformation of the vinyl group 
in fluroxene, that neither ethyl vinyl ether 
nor divinyl ether produces similar liver dam- 
age. This aspect is presently under investi- 
gation. 
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Editors share the belief that medical writing is capable of vast improvement. 
This article is one of a series of personal communications from Charles G. Roland, 
M.D., former Senior Editor of JAMA, to John T. Martin, M.D., Associate Editor 


of Anesthesia & Analgesia . 


. . Current Researches. Dr. Roland is Chairman, 


Department of Biomedical Communications, Mayo Clinic, Rochester, Minnesota 


55901. 





Thoughts About Medical Writing 
XXXVI. Writing an Editorial 


Dear Tom: 


Some time back I wrote about the case 
report and the letter-to-the-editor. So now, 
I thought I might write about that powerful 
medium, the editorial. 


We need more editorials, and more effec- 
tive editorials, in our journals. Through edi- 
torials we can disseminate informed opinion 
without immobilizing it in the plaster cast 
of the conventional medical article with its 
fixed format and rigid demand for statistical 
significance and controls. 


You don't have to be an editor to write 
an editorial. Journals often request editori- 
als from authors outside their staff. More- 
over, the old idea that an editorial must 
express the official viewpoint of the edi- 
torial board or of the society or association 
that owns the journal has largely disap- 
peared. Consequently, the editorial "we" is 
becoming archaic. Most often, editorials 
clearly express the opinions or sentiments 
of one person; and most often, editorials 
now are signed. 


I believe that identifying the author of 
an editorial advances the cause of responsi- 
ble medical journalism. But that policy puts 
extra pressure on the author because he or 
she cannot use anonymity as a shield. And 
you should keep this fact in mind; if you 
write an editorial and you are challenged, 
you may find opinion harder to defend con- 
vincingly than you would dry but verifiable 
fact. 


What is a medical editorial? It is a brief 
article—typically 400 to 1,000 words—that 
expresses opinion or interprets the facts or 
opinions of others; the subject matter can 
be any aspect of medicine (or of any related 
subject approved by the journal's editor). 
A former colleague of mine once said that 
an editorial was whatever an editor wrote 
for the editorial page. Adding the clause 
*or asked to have written" would satisfy me. 


Suppose an editor asks you to write an 
editorial but doesn't specify the topic. What 
should you write about? Davidson! identi- 
fied 10 “tangential items” that would lead to 
suitable editorial themes; I have taken his 
list, revised and reworded it, and added the 
11th item, which I believe is one of the 
commonest sources of editorial ideas. 


1. Historical material 

2. Public relations 

3. Legislation and governmental activi- 
ties 

Economic considerations 

Ethics and morality 

Professional organizational matters 
Relations with related groups 
Semantic and terminologic problems 


peor ones 


Philosophic excursions 
10. Research and training 


11. Critical commentary on scientific ar- 
ticles or books 


Thoughts About Medical Writing 


You probably can supplement this list, but 
it makes a suitable starting point. Using the 
list, plus your daily newspaper or the latest 
issue of this journal, you should have no 
difficulty creating a substantial list of poten- 
tial topics for editorials. 


An invitation to write an editorial carries 
with it the opportunity to write more imag- 
inatively and creatively than you can when 
writing a journal article. Certainly, you 
should try. The opportunity to use meta- 
phor, humor, and other rhetorical devices 
awaits you. But remember not to overdo it. 
Ration yourself to one metaphor per edi- 
torial. Don't bore your reader with humor 
by straining too hard. 


As is true for most kinds of nonfiction 
writing, editorial writing can be improved 
by studying the work of the experts. The 
journals I would recommend are the Annals 
of Internal Medicine, the New England 
Journal of Medicine, and JAM A—but re- 
member that not everything you find there 
will be top quality; that would be expect- 
ing too much. You must read selectively. 
Singling out particular editorial writers car- 
ries even more danger, although the editors- 
in-chief of the first two journals I mentioned 
regularly achieve a high level. I identified 
a few others in an anthology that appeared 
a few years ago.? 


You should be able to state the message 
of your editorial in one sentence. Indeed, 
I believe that you should make yourself do 
that before you actually begin writing the 
editorial. Once you have that statement in 
hand, the editorial itself should present a 
reasoned and logical argument to persuade 
your readers to accept your view or, at least, 
to acknowledge its plausibility. 


Please remember the special importance 
of the opening sentence.? Your first sentence 
plays an enormous, if immeasurable, role in 
convincing your reader that he needs to 
take the time to read what you have written. 
Consider these opening sentences: 


"Perhaps the most important sequel to 
the Arab oil embargo has been movement 
toward widespread adoption of nuclear en- 
ergy."* (This plain but direct and effective 
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sentence began an editorial on the recent 
rush to »roduce nuclear energy.) 


"We īve in a ‘mammoriented’ world."^ 
(In this editorial, the writer discussed the 
FDA coatrol of silicone materials proposed 
for use in augmenting the size of the female 
breast.) 


"A litle over a year ago my Aunt Mar- 
tha diec, but under the circumstances no 
one sent any flowers.”® (This essay dealt 
with the burgeoning number of life-support 
devices 3vailable and the questions their 
use intreduces about life and death.) 


Your critical reading will reveal many 
additional examples. Once you can epito- 
mize the gist of your editorial message in 
a themetic sentence, and once you have 
written an interesting, attention-gaining 
opening sentence, you are a long way toward 
preparirz a good editorial. Now let's hope 
some eGitor has the good sense to invite 
you to write it. 


Regards, 


[Charles G. Roland, M.D.] 
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EA Produced By Stimulation of 


Sensory Nerves of the Scalp in Rhesus Monkeys 


TATSUHIKO KANO, MD* 
GEORGE 5. M. COWAN, MB, ChB} 
ROBERT Н. SMITH, МО} 


San Francisco, California§ 


After it was learned that electroanesthesia 
(EA) could not be produced in a Rhesus mon- 
key which had undergone a circumferential 
scalp block with 0.25% lidocaine, it was postu- 
lated that EA could be produced by electro- 


\ \ 7 E HAVE been engaged in a continuing 

inquiry into the possibility of produc- 
ing a state of clinical anesthesia solely by 
the application of electric currents, without 
supplementary drugs.'? Our objective has 
been to get adequate current into the thala- 
mus and to so overstimulate it as to prevent 
transmission of “pain-impulses” through the 
area.*? Pathways for current were studied, 
and the most effective, in terms of minimal 
current requirements, was found to be be- 
tween the orbits and the foramen magnum.? 


Studies on blind human subjects, in whom 
the pathway between the orbits and fora- 
men magnum was used, revealed that elec- 
trostimulation of the maxillary branch of 
the trigeminal nerve in the orbit produced 
aching in the maxillary teeth when over 30 
ma was applied. In monkeys, that current 
magnitude is not required and we have seen 
no evidence of toothache in this species, so 
we have continued the use of the pathway 
between the orbit and the foramen magnum. 


stimulation of the sensory nerves of the scalp 
in the rhesus. The work reported here verifies 
that EA can be produced by this method in 
this species; it is not necessary to pass current 
through the head. 


In the course of animal studies using this 
pathway, we discovered that a monkey could 
not be anesthetized by current after a cir- 
cumferential scalp block was effected with 
0.25% lidocaine without epinephrine.! This 
finding suggested that we might produce EA 
by electrostimulation of the sensory nerves 
of the scalp in monkeys. 


The present study was designed to ascer- 
tain: (1) whether simple electrostimulation 
of the scalp overlying sensory nerves would 
produce EA, (2) how many of such scalp 
areas had to be stimulated, and (3) if elec- 
trostimulation of the posterior 2/3 of the 
scalp alone would produce EA. This seemed 
to us to be a possible means of producing 
EA without using the orbit-foramen mag- 
num route and, in doing so, to eliminate risk 
to the eyes and stimulation of the V-2 
nerves in the orbit. 


METHOD 
Twenty-five tests were made on 5 adult 
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Rhesus monkeys over a 1-month period. The 
animals were restrained in a chair so de- 
vised as to leave the head, hands, legs, and 
tail accessible. Each animal had a naso- 
tracheal catheter in place during each test. 
(This measure is necessary because the re- 
strained Rhesus will hold its breath when 
current is applied; the nasotracheal tube 
permits ventilation of the animal with air 
for a few breaths, to break the pattern of 
breath-holding.) 


The patterns of electrode placement are 
depicted in figures 1 and 2. The current was 
applied between electrodes straddling speci- 
fic nerves: the greater occipitals, the supra- 
orbitals, and the greater auriculars. 


'The electrodes were subcutaneous safety 
pins or 2.5 cm diameter agar-saturated 
sponges. The distance between electrodes 
varied from 2 to 5 cm. No local anesthetic 
was used in the placement of subcutaneous 
electrodes. 'The usual pattern was the inser- 
tion of an 18-gauge needle through the skin 
into the subcutaneous tissue, then bringing 
the tip out through the skin 2.5 cm lower. 
The safety pin, with its tip in the needle 
lumen, followed the needle as it was with- 
drawn. Safety pin electrodes were sterile #1 


PATTERN 1 


b b’ 


dd ww. 
A 
/ IM 





Fic 1. Pattern I. Using subcutaneous needle elec- 
trodes, the electrodes a and a' straddle the main 
trunks of the 2 supraorbital nerves; b-b' straddle the 
c-2-3 greater occipital nerves; c-c' and d-d' straddle 
the right and left greater auricular nerves, respec- 
tively. Milliamperage figures are average current; 
20% duty cycle produces a peak current 5 times 
higher than the average current value. 
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standarc stainless-steel, with the pin por- 
tion coded with a dielectric substance ex- 
cept for 1 cm in the center; there was no 
bare metal against the skin. Sponge elec- 
trodes «ere applied in plastic electrode 
holders *aped in place. 


The anterior pair of electrodes, which 
straddled the supraorbital nerve, was used 
in the fi st part of the study but was omitted 
when it was learned that it was not needed. 
The cumrent form was bidirectional square 
pulse. The duty cycle (percentage of pulse 
duratior that current is flowing) was kept 
in the 2) to 40% range. The generators are 
so constcucted as to produce a bidirectional 
square pulse. Frequency range is 100 Hz to 
200 kHz. Duty cycle ranges from less than 
1 to 509. Peak current limit is 500 ma and 
is constant for a given average current; at 
a giver average current meter reading, 
changins the duty cycle will change the 
average current leaving the peak current 
constan- 


Basic frequency ranges were from 500 to 
10,000 Mz. There were no mixtures of high 
(10,000 Hz) and low (500 Hz) frequencies 


PATTERN 2 





Fic 2. Pattern II. Using agar sponges 2.5 cm in 
diameter =n the skin surface: electrodes b and b’ 
straddle fe greater occiptal nerves c-2-3; electrodes 
c and d эуегіе the greater auricular nerves on 
their resp^^tive sides, anterior to the ear and about 
3 cm lateral to and behind the lateral canthus of 
the eye. Jilliamperage figures are average current; 
205- аці» cycle produces a peak current 5 times 
higher {һап the average current value. In none of 
the studies were the streams of current crossed, as 
in the inference pattern. 
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in any single application. The frequency be- 
tween any pair of electrodes was 50 to 100 
pps (pulses/sec) different from the fre- 
quency between any other pair. 


The test for anesthesia in this series was 
the response to the application of paim to 
the tail by an electric device which pro- 
duces a low-frequency square pulse. When 
a strong stimulus, applied for 30 seconds, 
evoked no response such as body moverent 
or tail twitching, an anesthetic state was 
assumed to be present. To avoid a “startle” 
effect which resembles moving in response 
to pain, current applied for pain production 
was applied cautiously, intensity being start- 
ed at zero and increased slowly and steadily 
to a predetermined level, usually 50 ma. 
The electrodes for the pain stimulator were 
subcutaneous needles 7.6 cm apart, in the 
tail. This pain-producing device was devel- 
oped on human subjects to “measure” anes- 
thesia.* It does no injury to tissues, and 
the pain ends instantly when the current 
flow is stopped. 


Monkeys were rested at least 2 heurs 
between current application and were used 
no more than 2 days per week. With each 
current application, an evaluation was made 
of pupil size and response to a strong light. 


RESULTS (tables 1 and 2) 

In the Rhesus, EA can be produced by 
electrostimulation of the nerves about the 
ears and the greater occipitals; it is not 
necessary to stimulate the supraorbital 
nerves. When EA is produced by electro- 
stimulation of the nerves in the posterior 
2/3 of the scalp, meiosis does not develop 
during the current application, and pupil- 
lary light reflexes are normal. 


Subcutaneous pairs of electrodes carry- 
ing 30 ma of current produced 3rd-desree 
burns between the electrodes in one animal. 
No burns were produced by surface elec- 
trodes. EA can be produced by passing cur- 
rent from the skin in front of the ear to the 
skin overlying the greater occipital nerves. 


DISCUSSION 
It is not necessary to pass current thrcugh 
the head to produce EA in Rhesus monkeys, 
nor is it necessary to subject the eyes and 
trigeminal branches to electrostimulation to 
produce EA in these animals. 





*Smith RH, Andrew JN: Gradable pain production. 
Proc Neuroelectric Conference, Las Végas, March 
1970. 
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In the Rhesus, in all applications of cur- 
rent where the current path is through the 
orbits, meiosis develops as the current in- 
tensity approaches that required to produce 
EA. In this study, when meiosis was not 
present, the pupillary light reflexes were 
intact, findings interpreted as indicating 
that the eyes are not being stimulated by 
current. This absence of change was noted 
when anteriormost preauricular electrodes 
were more than 2 cm behind the lateral 
canthus of the eyes. 


In all these studies, the current was ap- 
plied across the nerve path; studies in other 
species are needed to learn whether this is 
the most efficient application pattern. These 
pathway studies and those of the effects of 
distances between electrodes are difficult 
in the Rhesus because the head surface is 
so small, making surface electrodes, which 
must be 2.5 cm in diameter, to avoid current- 
density burns, difficult to position effec- 
tively. 


Pattern II (fig 2) was developed because 
pattern I (fig 1), based on subcutaneous 
electrodes, could not be duplicated with 
sponges on the surface, and we wanted to 
test high frequencies which require higher 
amplitudes than subcutaneous needle elec- 
trodes will carry without burning. 


The subcutaneous electrodes did not pro- 
duce burns at low frequencies which re- 
quired low intensities. In the 10 kHz range, 
the amplitude required for EA production 
was so high that the small amount of tissue 
(1 x 2 ст) could not dissipate the heat 
produced, and burns developed in 1 mon- 
key. When we found the burns, we dupli- 
cated the electrodes and current application 
on the arms of 2 investigators. A burning 
sensation developed in 8.5 minutes (1 sub- 
ject) and in 10 minutes (the other subject). 
This finding suggests that the lack of reac- 
tion from the monkey was because it was 
under anesthesia when the burn developed. 


In the pattern of current application re- 
ported here, EA “fades,” as it does when the 
current is applied through the head. The 
fading is managed, as reported earlier," by 
reducing the frequency and amplitude. Rela- 
tively comfortable high frequencies, with 
the higher required amplitude, will produce 
EA. When an anesthetic state is produced, 
the frequency can be turned down into more 
efficient ranges (500 to 1000 Hz), and the 
amplitude can be reduced as well. Note that 
in monkey 601 (table 2) 10 kHz required 
50 ma but 200 Hz required only 5 ma. 
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TABLE 2 


Results of Passing Current Between 
Surface Electrodes 





Frequency (Hz) 





Monkey and duty cycle Light Ases- 

number or duration ma Meiosis reflex thesia 

448 500-550 5 0 + Yes 

0.2 ms dur 

6 1000-1100 15 0 + Yes 
20% 

601 500-550 10 0 + Yes 
20% 

43 1000-1100 15 1 + Yes 
20% 

448 5000-5500 30 0 + Yes 
20% 

448 5000-5500 40 0 + Yes 
40% 

448 10K,10.5K 50 0 + Yes 
20% 

448 10K,10.5K 60 0 ao Yes 
40% 

6 10K,10.5K 60 0 + Yes 
20% 

6 1000-1100 18 0 4 Pes 
20% 

43 10K,10.5K 65 0 + Yes 

43 1000-1100 20 0 + Yes 
20% 

601 200-220 5 0 + Yes 
20% 

601 10K,10.5K 50 0 xS Yes 
20% 





All in pattern II. Agar sponges situated to move 
current between c and b and d and b’. Intersponge 
distance over 3 cm. 


We have not tested in Rhesus monkeys 
the efficiency of EA by the parallel tests: 
surgical procedure and pain-stimulator. as 
was done in acute experiments on dogs. in 
which it was learned that the stimulator 
was a reliable means of predicting whether 
the animal would tolerate abdominal sur- 
gery without moving. 


The anesthesia produced in this study 
was in no way different from that produced 
by the passage of current through the head. 
The items compared were reaction to the 
stimulator, fading, respiration and pulse, 
and muscle tone. 


In these current applications, as in all 
others, the induction period is 1 to 5 min- 
utes. The rate of increase in the current 
depends on the animals' respiratory rate. 
The struggling Rhesus frequently strains 
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( Valsalva maneuvers), with slowing of the 
heart. When this occurs, the current is re- 
duced slightly and the animal is ventilated 
2 or 3 times, via endotracheal tube, with 
room air and a hand ventilator; then cur- 
rent buildup proceeds. When unconscious- 
ness develops, the pulse rate and respira- 
tory activity remain within normal range. 
A low-grade metabolic acidosis is present 
for the first 20 minutes, but Ро. and Pco. 
are within normal limits. Muscle tone is 
not impaired, and the animal appears to be 
in the plane 3 of stage I of anesthesia. 


We have learned, in the course of human 
experiments, that it is not possible to use 
1 frequency output and divide it to energize 
2 pairs of electrodes, even if the division is 
so adjusted as to be equal. Severe discom- 
fort ensues: a form of vibration. Each pair 
of electrodes must have a frequency differ- 
ent from all other pairs, 50 to 100 pps being 
the usual difference. This finding necessi- 
tates 3 separate output channels for 3 pairs 
of electrodes. 


The mechanism for the findings in this 
study is not clear. Earlier studies indicated 
that the “target area” probably was the 
thalamus,?.^ or perhaps more properly, the 
thalamic area. We found some evidence that 
the EA state probably was consequent to 
depolarization. Our efforts for several years 
have been based on trying to get enough 
current into the critical area to produce the 
effect of continuous depolarization. 


When current was being passed through 
the head in the usual manner of producing 
EA, an appropriate current density in some 
critical area was the objective. The discov- 
ery that a simple sensory nerve block pre- 
vented EA production changed the point of 
view on the necessity for an appropriate 
density. Now this discovery, that the pas- 
sage of current across sensory nerves will 
produce EA, again raises the question of the 
necessity for a specific current density in 
the thalamic area. 


Assume a monkey's head is 7.6 cm in 
diameter and 25 cm in circumference. If 3 
electrode pairs are used, with 2 cm between 
each pair, there is some current getting 
into the brain center, but not much. If the 
interelectrode distance is 3 or 4 cm, a great 
deal more of the current is reaching the 
center of the brain. It is easy to assume 
that the portion reaching the brain center 
is responsible for the EA produced. How- 
ever, if the sensory nerve is blocked with 
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a local anesthetic, the animal cannot be 
anesthetized with electric current. When 
surface electrodes were used, the distance 
between the electrodes was such that a 
great deal of current must have reached the 
brain center. Still, when the interelectrode 
area was infiltrated with local anesthetic, 
EA could not be produced. 


It may be that the findings described here 
simply represent another means of provid- 
ing the required stimulus in the appropriate 
area, in this case by overstimlation of the 
thalamus via high sensory-nerve input. Fur- 
ther neurophysiologic evaluation will be re- 
quired for a more precise explanation. 


Our laboratory has for over 9 years rec- 
ommended that new electric current effects 
be evaluated by application to humans be- 
fore application to animals. The pain-stim- 
ulator, the subcutaneous electrode introduc- 
er, and the crossover pattern of high fre- 
quencies were all developed in and on 
human subjects before being used on ani- 
mals. Their acceptance in humans attests 
to their humane quality in lower animals. 
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on Pulmonary Function With Those of Intramuscular Meperidine 
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Study of 34 patients who had undergone thora- 
cotomy revealed that the group given inter- 
costal nerve block analgesia had a significantly 
smaller decline in vital capacity after opera- 
tion than did the group given narcotic anal- 
gesia only. The postoperative increase in ar- 
terial СО» tension of the nerve block group 


ABBREVIATIONS 
Pao, = arterial partial pressure of O, (torr) 


Paco, = arterial partial pressure of CO, 
(torr) 


VC = vital capacity 


MMER = maximal mid-expiratory flow rate 


MVV = maximal voluntary ventilation 


(А-а) Оо, = alveolar-arterial difference of 
oxygen tensions 

PAo, = alveolar partial pressure of O, 
(torr) 

Pro, = inspired partial pressure of О, (torr) 
PAco, = alveolar partial pressure of CO, 
(torr) 

R= respiratory quotient 


Ето, = fraction of O, in inspired air 


FTER thoracotomy or surgery of the 

upper abdomen, pain produces a se- 
quence of undesirable effects on respiratory 
function. Splinting and the inability to 
cough effectively cause retention of sputum 
and progressive atelectasis. These, in turn, 
may lead to ventilation-perfusion inequality, 
shunting, and hypoxemia. More recent 
work implicates a decrease in functional 
residual capacity and airway closure in this 
process.” 


Although narcotics make the pain more 





also was significantly smaller than that of the 
narcotic group. The study suggests that inter- 
costal nerve block for post-thoracotomy anal- 
gesia offers some advantage in preserving 
effort-dependent pulmonary function when 
compared with postoperative narcotic anal- 
gesia. 


bearable and decrease the splinting of the 
chest wall, they depress the reflex urge to 
sigh. Even with narcotic doses that do not 
depress ventilation, the natural sigh mech- 
anism is obtunded, thereby contributing to 
atelectasis.? 


For more than 30 years, attempts have 
been made to overcome this postoperative 
pain problem by using regional analgesia.*:? 
Because afferent pain fibers can be blocked 
completely, local anesthetics may provide 
more nearly complete analgesia than sys- 
temically administered narcotics. If chest 
and abdominal wall movements are less 
painful after regional block, the postopera- 
tive patient might be able to breathe more 
deeply. Epidural and intercostal techniques 
have been used to achieve this analgesia, but 
studies comparing the pulmonary effects of 
narcotic analgesia with the pulmonary ef- 
fects of regional techniques have shown con- 
flicting results. In comparisons between 
groups receiving epidural analgesia and 
groups receiving narcotics, several inves- 
tigators have found significant improve- 
ment in arterial oxygen tension but conflict- 
ing changes in dynamic lung volumes." * 
One recent study found similar decreases in 
Pao», Paco», vital capacity, and peak ex- 
piratory flow rate when it compared groups 
given peridural analgesia with those given 
morphine after upper abdominal surgery.? 
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Regional analgesia has been studied less 
often after thoracotomy than after upper 
abdominal surgery. In 1966, Bergh and 
others!” found significant improvement in 
peak expiratory flow rates in patients who 
were given an intercostal block the morning 
after thoracotomy. When compared with 
patients given narcotic analgesics only, the 
patients given intercostal block had signifi- 
cant changes in arterial oxygenation. More 
recently, Galway et al. found no improve- 
ment in lung volumes and no significant 
analgesic effect in patients given a trans- 
pleural intercostal block during thoracoto- 
my.!! 


'The purpose of our study was to compare 
pulmonary function in postoperative thora- 
cotomy patients given either intercostal 
block or parenteral narcotics for analgesia. 


METHODS 


Thirty-four patients scheduled for thora- 
cotomy were randomly allocated into two 
groups for postoperative analgesia: an in- 
tercostal nerve block group and a narcotic 
group. 


Preoperative pulmonary disease and the 
specific surgical procedure planned were not 
determinants in group allocation, as long as 
a thoracotomy incision would be used. After 
obtaining informed consent, arterial blood 
gases were drawn the evening before sur- 
gery. Vital capacity, maximal mid-expira- 
tory flow rate, and maximal voluntary ven- 
tilation were measured with a 9-liter Collins 
spirometer. All measurements were per- 
formed with the patient breathing room air 
and in a 45? semi-sitting position. No 
changes were made in the routine preopera- 
tive, surgical, or anesthetic management of 
the patient. 


After surgery, each patient received rou- 
tine nursing care until relief of pain was 
requested. 'The patient was then given either 
an intercostal nerve block or an intramus- 
cular injection of a narcotic depending on 
the preoperative group assignment. Patients 
in the nerve block group had injections into 
seven intercostal spaces, according to the 
technique described by Moore.!? A dose of 
4 ml of bupivacaine (0.595) with epineph- 
rine (1:200,000) was placed into each of the 
five interspaces that were closest to the in- 
tercostal incision and into two interspaces 
at the level of the insertion of the chest 
tube. Patients in the narcotic group were 
given meperidine intramuscularly in a dose 
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based on the surgeon's clinical estimate of 
the needs of the patient. The mean meperi- 
dine dosage was 0.92 mg/kg in these 17 pa- 
tients (SX 0.09 mg/kg; range 0.61 to 1.47 
mg/kg). Although it would be ideal to 
study the post-thoracotomy patient before 
and after be was given analgesia, the sever- 
ity of the pain in these patients precluded 
accurate spirometry before analgesia. Thus, 
each patient was studied preoperatively and 
45 minutes after the first administration of 
analgesia. Each measurement consisted of 
an arterial blood sample and spirometry. All 
measurements were performed with the pa- 
tient bresthing room air for at least 25 min- 
utes and in a 45? semi-sitting position. All 
patients ~eceived chest physiotherapy and 
frequent cough encouragement throughout 
their pos-operative course. Both groups of 
patients were followed to determine post- 
operative course, complications, and length 
of hospitz lization. 


Arteria. gas results and results of spirom- 
etry were corrected for patient temperature. 
The alveolar-arterial difference of oxygen 
tension [(A-a)Do,] was calculated from 


the alveclar air equation: PAo, = Pro, 
1— Ео,\ . , 
— РАсоь (Fo. + HK ca ,in which R 


was assuraed to be 0.8. 


RESULTS 


'Thirty-four patients were studied; 17 were 
allocated то the intercostal nerve block 
group anc. 17 to the narcotic group. Patients 
requiring mechanical ventilation after oper- 
ation wer? excluded. A higher incidence of 
females was noted in the narcotic group than 
in the ne-ve block group (8 of 17 patients 
compared with 3 of 17 patients). The aver- 
age age of the patients in the intercostal 
block group was 63 years and of patients in 
the narcocic group, 61 years. When preop- 
erative spirometry values were compared 
with the predicted normal value for each 
patient, the narcotic group had slightly high- 
er mean vital capacity, maximal mid-expira- 
tory flow rate, and maximal voluntary ven- 
tilation vzlues than did the intercostal block 
group (Table 1), but the differences were 
not signifcant. Eighty-eight percent of the 
intercostal nerve block group and 65% of 
the narcctic group had resection of lung 
parenchyraa during thoracotomy; in the re- 
maining ratients, the thoracotomy was per- 
formed fo- repair of a hiatal hernia or resec- 
tion of an esophageal malignancy. 
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TABLE 1 


Preoperative and Postoperative Spirometry* and Arterial Blood Gas Results 
for Intercostal Block Group and Narcotic Group (Mean = SE) 


Intercostal block group 
(17 patients) 


Narcotic group 
(17 patients) 





Preoperative Postoperative 


Preop-Postop 


Preoperative Postoperative Preop-Postop 





УС 101.6 + 5.2 41.8 + 4.7 59.8 + 4.81} 108.9 +37 311+ 2.3 177.8 + 4.87 
MMFR 61.9 s- 7/7 40.2+6.2 21.7+5.4+ 69.7+7.3 39.9 = 4.5 29.8 + 6.8+ 
MVV 83.9 + 6.8 38.7 + 4.5 45.2 + 5.67 94.4 + 5.8 369+ 4.0 57.5 + 5.7{ 
Pao: (torr) The 2 8:2 65.4 + 3.4 12.6 + 2.87 78.5 + 3.4 68.4 =+ 2.6 10.1 4.0] 
Paco: (torr)  349--0.7 379-11 -30+1.0+t 331-09 386 +08 —5.5-+0.6{ 
(А-а) ро. 

(torr) 23.1 + 3.0 32.2+3.1 —9.1+2.9+ 247929 278+ 3.1 —3.1 + 3.8 


*VC, MMFR, and МУУ are expressed as 6; of predicted value; predicted values for each patient were 
derived from tables of normal spirometry data for our institution. 


*Significant preop-postop difference within group (p<0.05). 


iSignificant difference between groups (p« 0.05). 


Mean vital capacity, mean maximal mid- 
expiratory flow rate, and mean maximal vol- 
untary ventilation were significantly de- 
creased in both groups after operation 
(p<0.05, Student's t-test for paired data). 
Pao, decreased and Paco. increased in each 
group after operation, and these changes 
were also significant (p« 0.05). In each of 
the three variables measured by spirometry 
after operation, the narcotic group had a 
greater decrease than did the intercostal 
block group, but the difference was statisti- 
cally significant (p<0.05) only for vital 
capacity (fig 1). In spite of a slightly larger 
mean vital capacity before operation, the 
narcotic group had a mean decrease of 78% 
in vital capacity after operation. The mean 
decrease for the intercostal nerve block 
group was only 60%, however, and this was 
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Fic 1. Comparison of postoperative changes in 
mean vital capacity (VC) between intercostal block 
group and narcotic group. 


a significant difference between groups 
( p« 0.05, Student's t-test). 


The narcotic group showed slightly great- 
mean maximal voluntary ventilation before 
operation, but function decreased 58%, after 
operation (fig 2). The intercostal nerve 
block group had a decrease of only 45% 
after operation, but the difference between 
groups was not statistically significant. 


The narcotic group showed slightly great- 
er maximal mid-expiratory flow rate before 
operation but a greater decline after opera- 
tion—30% as compared with 2297 for the 
intercostal nerve block group (fig 3). 


Mean Pao, declined 13 torr in the inter- 
costal block group and 10 torr in the nar- 
cotic group after operation (fig 4). Paco, 
increased 6 torr in the narcotic group and 
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Fic 2. Comparison of postoperative changes іп 
mean maximal voluntary ventilation (MVV) between 
intercostal block group and narcotic group. 
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Fic 3. Comparison of postoperative changes in 
mean maximal mid-expiratory flow rate (MMFR) 
between intercostal block group and narcotic group. 
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Fic 4. Comparison of postoperative changes in 
mean arterial blood gas values and (А-а) Оо, be- 
tween intercostal block group and narcotic group. 


3 torr in the intercostal block group, and 
this difference between groups was statisti- 
cally significant (p« 0.05), although neither 
group showed postoperative CO. retention. 
The (А-а) Do, increased in each group after 
operation, but the difference was not sig- 
nificant between the groups. 


Comparison of the length of hospitaliza- 
tion for the two groups showed no signifi- 
cant difference. There was one death in the 
nerve block group, death being due to non- 
pulmonary complications. Two patients in 
the narcotic group developed postoperative 
atelectasis that was evident roentgenograph- 
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ically. No complications were attributable 
to the intercostal nerve blocks themselves. 


DISCUSSION 


Our spirometry data reveal that one pa- 
rameter of pulmonary function could be sig- 
nificantly improved after thoracotomy with 
intercostal nerve blocks. The significant im- 
provement of vital capacity between the 
nerve bleck group and the narcotic group is 
perhaps explained on the basis of the vital 
capacity being an effort-dependent test of 
pulmona-y function. The patients in the 
intercostal nerve block group may have been 
more ca»able of cooperating with our re- 
quests аё the time of spirometry. The inter- 
costal nerve block likewise probably im- 
proved the ability of these patients to co- 
operate with the cough and deep-breathing 
requests. Nevertheless, our data for maxi- 
mal mid-expiratory flow rate and maximal 
voluntary ventilation did not show a sta- 
tistically significant difference between 
groups. Our data agree with those of Bergh 
et al.,!° who found a significant improve- 
ment in peak expiratory flow rates in pa- 
tients who were given a single intercostal 
nerve block the morning after thoracotomy. 
Peak expiratory flow rate is another effort- 
dependent test of pulmonary function. 


Our arterial blood gas data also agree 
with those from Bergh and associates' study, 
that is, mo change in Pao, but a decrease in 
Paco, 2 hours after intercostal block the 
morning after thoracotomy. Our results dif- 
fer from those of several investigators, "5 
who found improved arterial oxygenation 
when regional analgesia was used after up- 
рег abdcminal surgery. 


Although we did not evaluate subjective 
pain relief, we have the clinical impression 
that intercostal block gave superior analge- 
sia. Patwents who have had both forms of 
analgesia frequently commented that the 
intercostal nerve block gave more effective 
pain relief. Although we considered an in- 
crease ir vital capacity as an indication of 
improved pulmonary function, Bromage? in- 
terpretec increased vital capacity in itself 
as evidence of more effective analgesia. Af- 
ter the mitial postoperative block, our pa- 
tients were allowed to choose either a re- 
peat blo-k or a narcotic injection. Five of 
the 17 petients in the intercostal block group 
required no narcotics throughout their post- 
operative course, but these 5 requested re- 
peat of -heir intercostal blocks an average 
of three times. 
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The patient who has had thoracotomy is 
an ideal candidate for intercostal block be- 
cause the use of chest tubes decreases the 
danger of a pneumothorax, the most com- 
mon complication of intercostal nerve block. 
This and the safety and long duration of 
action of bupivacaine itself have made in- 
tercostal nerve block a practical and safe 
approach to analgesia in the patient who 
has had thoracotomy. 


Unlike that noted in a recent series from 
Seattle," we found no significant difference 
in length of hospitalization between our two 
groups. A larger series might indicate 
whether hospitalization time or complication 
rate has been significantly altered by use of 
intercostal nerve block after thoracotomy. 
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Changes in Blood Chemistries Following 
Prolonged Enflurane Anesthesia 


E. 1. EGER, Il, MD* 
R. К. CALVERLEY, МСТ 
N. T. SMITH, MD: 


Blood chemistries revealed minimal or no in- 
jury to the kidney or liver in 12 young healthy 
male volunteers subjected to 9.6 MAC hours 
of enflurane anesthesia without surgical stress. 


HE evaluation of the toxic effects of 

anesthetics in man usually is compro- 
mised by the (1) superimposition of surgical 
stress, (2) presence of preexisting hepatic 
or renal disease, and (3) clinical require- 
ments for the use of adjuvant drugs. These 
additional factors can induce their own ef- 
fects which may obscure the actions of the 
anesthetic. Studies in volunteers circum- 
vent these limitations and therefore are of 
particular value since they allow the direct 
correlation of the changes seen with the 
anesthetic stress alone. 


We recently obtained blood chemistries 
from 12 young (20 to 26 years) healthy 
male volunteers who underwent prolonged 
and occasionally deep (2 MAC) enflurane 
anesthesia in the course of cardiorespiratory 
studies. The following is a report of these 
studies and their results. 


METHODS 


Prior to anesthesia, blood specimens were 
drawn from the volunteers for the analyses 
listed in the table. Anesthesia was induced 


The resuts were similar to those previously 
obtained with halothane, isoflurane, fluroxene, 
and dieth -l ether. 


and mairtained at 1.0, 1.5, and 2.0 MAC 
(infrared. analysis) with enflurane in О. 
(9.6 + 04 SEM MAC-hours$) with a brief 
addition 5f N,O (an additional 0.6 MAC- 
hours) midway during the anesthesia. Ex- 
cept for Же use of succinylcholine to facili- 
tate endGracheal intubation, no other drugs 
were given. Anesthetic dose was reduced if 
Systolic arterial pressure fell to 45 torr. 
Ventilatien was controlled to maintain a 
normal Еасо„ for about 2/3 of the study 
and was spontaneous the remainder of the 
time. Wih spontaneous ventilation, Paco. 
sometimes reached 80 torr. 


Blood .pecimens again were obtained the 
lst and Sth days after anesthesia and were 
comparec (paired t-test) with the prean- 
esthetic -esults (table). We accepted as 
significar: a p value of «0.05. Complete 
values were not obtained in all cases. 





SMAC-hou-ss were obtained by taking the sum of 
all doses imes duration of exposure at each dose 
for a giver subject and dividing Ьу МАС! corrected 
for age? ( .89% enflurane). 


*Professor, Department of Anesthesia, University of California, San Francisco, California 94143. 
TAssistant Professor, Department of Anesthesia, University of Ca ifornia, San Diego, California. 
iProfessor, Department of Anesthesia, University of California, San Diego. 

Read at the 50th Congress of the International Anesthesia Reseach Society, March 14-18, 1976, Phoenix, 


Arizona. 


This work was supported by USPHS GM 15571 and a grant fr»m Ohio Medical Products Division of 


Airco, Inc. 
Paper received: 12/24/75 
Accepted for publication: 2/18/76 


548 ANESTHESIA AND ANALGESIA . 


TABLE 


Effect of Enflurane on Blood Chemistries 
—— (liac tan o e aoc Hc C NN 


Postanesthesia 
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Test (normal values) N Preanesthesia 1 day 5 days 
BSP (less than 5% ) 11 3.7 + 0.4 4Л + 0:5 4.1 + 0.5 
SGOT (8-30 units/L) 11 22 3 61 + 18* 31+8 
SGPT (5-35 units/L) 11 19 +3 302-7 28 +6 
LDH (36-200 units/L) 10 125 +7 178 + 18° 183 + 21* 
СРК (30-140 units/L) 4 75 + 8 637 + 250 156 + 40 
Bilirubin (less than 1 mg/dl) 11 0.6 + 0.1 0.9 + 0;2* ӨЛ =1ї 
Alkaline phosphatase (4.5-11 units/dl) 10 6.5 + 0.4 5; = 0:2* 5A se 0,4* 
Creatinine (0.8-1.2 mg/dl) 12 1.0 + 0.04 1.0 + 0.03 1.0 + 0.03 
Blood urea nitrogen (8-23 mg/dl) 11 13.8 + 0.8 9.5 + 0.5* 16:2 3-0; 7* 
Uric acid (3.4-6.4 mg/dl) 11 5.7 + 0.2 6.2 + 0.3* 6.6 + 0.3* 
Na‘ (135-145 mEq/dl) 12 140 + 0.6 141 + 0.4 140 + 0.7 
K'(3.5-4.5 mEq/dl) 12 3.8 + 0.06 3.5 + 0.05* 4.3 + 0.09* 
Cl (95-106 mEq/L) 12 105 + 0.8 105 + 0.6 101 + 0.7* 
Са'' (9-10.6 mg/dl) 10 9.1 -€: 0.0 8.7 + 0.5 9.5 + 0,2* 
Total protein (6-8 g/dl) 11 6.8 + 0.1 6.3 + 0.2 7.7 + 0.3* 
Triglycerides 10 75 212 83 +7 121 + 19* 
Cholesterol 11 170+8 146 +6 174+ 8 


Values + SEM. 
*Significantly different from preanesthesia (p<0.05). 
ТМ = 8. 


RESULTS AND DISCUSSION 

Although enflurane undergoes slight bio- 
degradation to products which include fluo- 
ride ion,? there was little change in crea- 
tinine, blood urea nitrogen, or serum elec- 
trolytes, all of which remained within nor- 
mal limits. The statistically significant (but 
clinically insignificant) rise in uric acid 
was nearly identical to that seen after pro- 
longed halothane anesthesia in a similar 
group of volunteers. Although the lower 
serum K' at 2 days was within normal limits, 
this decrease was not seen in previous stud- 
ies following prolonged isoflurane or halo- 
thane anesthesia.* 


Liver function studies gave somewhat con- 
flicting results. Like isoflurane, enflurane 
did not significantly affect BSP retention at 
1 day following anesthesia (table). This 
contrasts with the effects of halothane, flu- 
roxene, and diethyl ether, which under simi- 
lar circumstances of anesthetic duration and 
dose produced average values of 10, 8, and 
10% retention, respectively (fig 1).* How- 
ever, neither halothane nor isoflurane con- 
sistently increased SGOT or LDH in previ- 
ous studies, whereas we found that en- 
flurane did and, in the case of SGOT, en- 
flurane gave an average value well above 
the normal range (table, fig 2). 


Finally, in the 4 volunteers in whom it 
was measured, CPK rose consistently. The 


small sample size and variability of the in- 
crease precluded determination of statistical 
significance, but the results suggest the need 
for further study of this enzyme change. 
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RETENTION 
(%) Ke 
Io ET 
` Halothane 
1 N 
I NS 
I I NC 
ty 
1 
SF 11 fo-zlsoflurane _ 
i 918 = 
à Enflurane 
о 2 4 6 8 


POST ANESTHETIC DAY 


Fic 1. Data for enflurane for BSP retention (dark 
lines, filled circles) from this study are contrasted 
with data from previous studies‘ for halothane 
( dashed lines, open triangles) and isoflurane (dashed 
lines, open circles). Two groups of subject results 
are shown for both halothane and isoflurane. As 
indicated on the graphs, М.О was added to the 
anesthetic regime in 1 case and CO, (to determine 
responsiveness to CO.) in the other. All values are 
means SEM. 
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Fig 2. Comparisons from figure 1 are repeated 


here for SGOT. In contrast to the absence of an 
effect on BSP retention, enflurane (solid line) 
caused a significant rise in SGOT on the Ist post- 
anesthetic day. The increases in SGOT seen with 
halothane or isoflurane were not statistically sig- 
nificant. 


CPK values are not available from previous 
similar studies. However, we recently have 
found* that halothane anesthesia in volun- 
teers also is followed by an increase in CPK. 


We conclude that prolonged and some- 
times profound enflurane anesthesia in 
young healthy volunteers produces minimal 
changes in blood chemistries that reflect 
renal and hepatic function. 
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Guest Discussion 
WENDELL C. STEVENS, MD 
Department of Anesthesia 
University of California 
San Francisco, California 


Efforts by clinical studies to distinguish 
among the potent inhaled agents with re- 
spect to their toxicity to liver and kidney 
have not proven too fruitful. Perhaps this 





*Calverley RK. Smith NT: Unpublished data. 
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is good. For, put another way, all are quite 
safe. Amesthetic-induced depression and ac- 
companying hypotension, even when se- 
vere as it was with all of the agents tested, 
did not result in injury sufficient to alter 
hepatic or renal function persistently. The 
rise of SGOT with enflurane, which had re- 
turned to control levels by the 5th post- 
operative day, might not be indicative of 
hepatic injury, since this enzyme is found 
in many tissues other than liver. Perhaps 
the absence of abnormality in somewhat 
more specific tests such as the BSP, SGPT, 
and LDĦ support this idea. 


Studies such as these are important even 
though the results are not very exciting. 
For one thing, the anesthetic exposure was 
unusual in that no surgical stress occurred, 
vet prolenged anesthesia and the stress of 
elevated Peo. were imposed. Certainly the 
anesthetic exposure was as great as the vast 
majority of patients will encounter. There- 
fore, one can have reasonable confidence 
that injury from enflurane will not follow a 
simple dose-response relationship as a clas- 
sic hepatotoxin or nephrotoxin should— con- 
fidence at least within the limits of the doses 
Dr. Eger administered. 


Another feature of such broad testing is 
that a significant event may occur which 
warrants further tests. Since we are puzzled 
so frequently about the pathogenesis of an- 
esthetic toxicity, no reasonable lead should 
be overlooked. In the current study, an ele- 
vation of CPK occurred. As Dr. Eger indi- 
cated, comparative data are not available 
to detemmine if this finding is unique to 
enflurane. 


This study is encouraging specifically be- 
cause ne renal abnormality occurred. Both 
the type and quantity of metabolite pro- 
duced by anesthetic metabolism are impor- 
tant in anesthetic toxicity. Enflurane me- 
tabolism yields inorganic fluoride. These 
long MAC-hour exposures did not produce 
sufficient free fluoride to result in hyper- 
natremia or azotemia. 


These studies can give us no confidence 
that enflurane will not produce a rare, seri- 
ous hepatic injury such as occurs with halo- 
thane, but I am sure the authors would not 
expect such certainty from these studies. 
We will have to wait for information on 
which patients are at risk and/or what the 
anesthetic metabolites are which produce 
halothane's hepatotoxicity. Then we can 
predict what may happen with a new com- 
pound. 
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Spinal Anesthesia for Lumbar Disc Surgery: 
Review of 576 Operations 


DAVID J. SILVER, MD* 
REMBRANDT H. DUNSMORE, Мрт 
CHARLES M. DICKSON, MD: 


Hartford, ConnecticutS 


Neurologic complications accompanying spinal 
anesthesia were examined in 576 lumbar disc 
operations on 507 patients. The sinzle serious 
complication did not seem attributable to the 
choice of anesthetic method. Minor neurologic 


JN оос complications associated 
with spinal anesthesia are rare and 
generally minor.!-* Controversy exists, how- 
ever, over the use of spinal anesthesia for 
lumbar disc surgery. Vandam and Dripps? 
suggest that spinal anesthesia may exacer- 
bate existing neurologic disease and recom- 
mend against its use for lumbar disc sur- 
gery. Others have found spinal anesthesia 
safe and effective.»* Spinal anesthesia has 
been used at Hartford Hospital for more 
than 9000 disc operations during a 35-year 
period. We report here the results of a study 
of a sample of this patient population. 


MATERIALS AND METHODS 
From 918 lumbar disc operations at Hart- 
ford Hospital during 1969-70, the charts of 
575 patients were selected randomly for 
study; 68 were eliminated because follow-up 
study was less than 6 weeks. Of the 611 
procedures studied (399 on men and 212 on 


*Chief Resident in Neurosurgery, Hartford Hospital; 


complications, with the exception of spinal 
headache, could be explained by surgical ma- 
nipulation. The authors conclude that spinal 
anesthesia is safe for surgical operations on 
the laterally herniated lumbar disc. 


women), 576 were performed under spinal 
and 35 under general anesthesia. Patient 
ages ranged from 15 to 80 (average 43) 
years. One third were followed for more 
than 2 years and 55% for over 6 months. A 
myelogram preceded 77% of the operations. 
Average hospital stay was 7 days. 


General anesthesia was employed in the 
following situations: (1) a near complete 
or total myelographic block; (2) inability 
to accomplish a subarachnoid tap; (3) my- 
elographic demonstration of arachnoiditis; 
(4) inadvertent production of a "high spi- 
nal;" and (5) patient refusal of spinal anes- 
thesia. 


Approximately 9395 of the operations 
under spinal were at the lowest 2 inter- 
spaces (table 1); only 81% of those done 
under general anesthesia were at the same 
spaces (table 2). In 58 operations, 2 her- 
niated discs were removed. Each operated 


Instructor in Neurosurgery, Yale University. 
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TABLE 1 


Levels of Herniation of Patients 
Having Spinal Anesthesia 














Level of herniation _Number Percentage 
L1-L2 2 0.3 
L2-L3 9 1.4 
L3-L4 32 5.1 
L4-L5 328 51.9 
L5-S1 261 41.3 

Total 632 100.0 

TABLE 2 


Levels of Herniation of Patients 
Having General Anesthesia 




















Level of herniation Number Percentage 
L1-L2 1 2.7 
L2-L3 1 2.7 
L3-L4 5 13.5 
L4-L5 21 56.8 
L5-S1 9 24.3 

Total 37 100.0 

TABLE 3 
Summary of Recurrent Disc Operations 
Under Spinal 
Number of recurrences (104) 
1 2 3 4 
Number of 
patients (83) 67 12 3 L 





level was counted separately. 


More than 17% of the operations under 
Spinal anesthesia were for recurrent disc 
herniation (table 3); 12 patients underwent 
3 operations under spinal, 3 underwent 4, 
and 1 underwent 5. 


Neurologic complications were carefully 
evaluated in an effort to separate surgical 
trauma from anesthetic damage. Motor or 
sensory deficit at a level different from that 
operated on, contralateral pain, or contra- 
lateral deficit was classified as a residual 
probably attributable to anesthesia. 


'TECHNIC OF ANESTHESIA 
Anesthetic trays containing glass syringes, 
spinal needles, and small disposable needles 
which had been cleaned ultrasonically were 
wrapped and autoclaved in a central loca- 
tion. Single-dose vials of procaine, tetra- 
caine, and ephedrine were packaged on the 
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tray im a separate envelope marked on the 
outside with a sterilization indicator. 


After the anesthesiologist inserted an IV 
cathete- and checked vital signs, the patient 
was tumred to the lateral position with the 
affectec side down. The anesthesiologist 
scrubbe= briefly, gloved, and painted the 
back with povidone-iodine solution. After 
local infiltration with procaine, a 22 or 25 
spinal needle was introduced into the sub- 
arachnaid space in the midline at a level 
above tae affected disc. A mixture of 10% 
procaine and 1% tetracaine (usually 8 to 
10 mg tetracaine and 40 to 50 mg procaine), 
diluted to 2.5 to 3 ml with clear cerebro- 
spinal fuid (CSF) was injected over 8 to 
10 seconds. After injection, 0.1 to 0.2 ml 
of CSF was aspirated and reinjected to as- 
sure nec-le position. The patient was placed 
supine for 5 to 10 minutes, and the progres- 
sion of anesthetic level carefully monitored. 
'The operation was performed in the lateral 
position with the affected side up, after 
further sxi infiltration with 197 lidocaine 
with epmephrine. 


RESULTS 

Under spinal anesthesia, 91.695 of pa- 
tients астеуеа good-to-excellent results (ta- 
ble 4). All but 1 of the 8.4% fair and un- 
satisfactery results were so classified be- 
cause of residual back pain. One patient, 
whose preoperative myelogram showed a 
large defect at L4-L5, had a moderate post- 
operative paresis of ankle flexors and exten- 
sors after unilateral exploration at the ap- 
propriate level. Reexploration 5 days later 
under gereral anesthesia revealed a large 
centrally herniated lumbosacral disc. The 
patient recovered to a “fair” status. 


TABLE 4 


Results of Surgery Under 
Spinal Anesthesia 











Number Percentage 
Excellent* 309 53.6 
Goody 219 38.0 
Fairt 39 6.8 
Unsatisfaetory$ 9 1.6 
Total 576 100.0 





*Totally as-mptomatic. 
Mild back sam, unlimited activity. 


iSome linxtation of activity, or change of job 
required. 


$ Persistent pain, severely limited activity, worsening 
of symptoms. 
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TABLE 5 
TABLE 6 
Results of Surgery Under | I 
General Anesthesia Early Postoperative Complications 
Number Percentage Spinal 
— ga ‘sr Сы Е Е: mE ES (576 General 
Excellent” 17 48.6 Complications cases) (35 cases) 
Goody 7 20.0 Increased neurologic deficit 
Fair} 4 11.4 Motor and sensory change 5 3 
Unsatisfactory$ 7 20.0 Sensory change only 5 1 
Total 35 100.0 Contralateral pain 1 0 
ers І : Urinary retention 
“Totally asymptomatic. 5 
РЕНЕ : lv m « 2 days 17 2 
* Mild back pain. unlimited activity. 
р к ү ni : > 2 days 1 5 
‘Some limitation of activity. or change of job 5 i : А 
required. Pneumonitis or atelectasis 6 0 
Persistent pain, severely limited activity. worsening Phlebitis 4 0 
of symptoms. Spinal headache 6 0 
` Aseptic meningitis 1 0 
Patients operated on under general anes- en 
А : aue Discitis 0 
thesia achieved 68.6% good-to-excellent re- 
sults (table 5). Ileus 4 3 
Н . : Wound problems 
Of 11 patients graded fair or unsatisfac- Hematoma 2 0 
tory, 7 had persistent pain and 4 had severe Tufeetion 0 0 
neurologic deficit. Two patients made un- CSF fistul М 
satisfactory recoveries from preoperative à Suia 1 
paraparesis resulting from central disc her- — Trochanterie bursitis 5 0 


niation. Another sustained a bilateral foot- 
drop after operation and the fourth, a uni- 
laterial footdrop which partially recovered. 
The patients operated on under spinal anes- 
thesia cannot be compared with those done 
under general anesthesia since those under- 
going general anesthesia were clearly neu- 
rologically worse preoperatively. 


Early complications following operations 
under spinal anesthesia (table 6) included 
11 cases of increased neurologic deficit. Of 
the 5 patients with motor and sensory defi- 
cits, 3 had footdrop following L-5 root re- 
traction, 1 had temporary saddle anesthesia 
after removal of a large central disc, and 
1 suffered weakness of plantar flexion with 
associated calf dysesthesias after disc re- 
moval at the lumbosacral level. In the 
group with sensory changes only, 3 com- 
plained of persistent dysesthesias in a dis- 
tribution consistent with the dermatome of 
the manipulated root and there were 2 cases 
of numbness of the contralateral thigh, prob- 
ably from compression of the lateral femoral 
cutaneous nerve in the lateral operative 
position. A case of early contralateral post- 
operative pain was reoperated 2 months 
later with removal of an extruded fragment 
on the opposite side at the same level. 


Other complications were infrequent (ta- 
ble 3). Only 1% of the spinals resulted in 
spinal headache. There were no wound in- 





fections. One CSF fistula, following a dural 
tear, was repaired at reexploration by re- 
closure of the lumbodorsal fascia. Trochan- 
teric bursitis, found in 1%, likely resulted 
from pressure on the bursa in the lateral 
position. 


'The early neurologic complications asso- 
ciated with general anesthesia included 1 
bilateral and 2 unilateral footdrops, and an 
instance of temporary dysesthesia in the 
distribution of a retracted S-1 root. 


DISCUSSION 


Operations on the herniated lumbar disc 
under spinal anesthesia produced results 
similar to those reported in other series. 
Several authors claim 90 to 95% good-to- 
excellent results in cases of typical radicu- 
lar compression.* !" 


Minor neurologic sequelae of spinal anes- 
thesia have been estimated to occur in 0.5 
to 0.8%, of patients.!!.!? Since the majority 
of these relate to the lumbar and sacral der- 
matomes,!! it is usually impossible to sepa- 
rate the complications produced by anesthe- 
sia from those related to surgical manipula- 
tion. Our 1 case of contralateral paresthesia 
was relieved upon removal of a contralateral 
recurrent disc. 


Spinal Anesthesia . . . Silver, et al 


The major reluctance to administer spinal 
anesthesia for lumbar disc surgery stems 
from fear of paralysis due to transverse mye- 
litis or chronic progressive adhesive arach- 
noiditis. These entities are rare serious com- 
plications of spinal anesthesia,!?-!! occur- 
ring in less than 0.01% of cases. Progressive 
adhesive arachnoiditis may represent a non- 
specific response to an intrathecal irri- 
tant.! 1.13 


'The patients surveyed in this study were, 
on average, older and had a higher percent- 
age of herniated upper discs than has been 
found in a summary of 9082 cases from 30 
reports in the literature.’ Nearly 15% un- 
derwent 2 myelograms, and 17% had 2 or 
more disc operations under spinal anesthe- 
sia. Despite significant exposure to possible 
insult, chronic progressive adhesive arach- 
noiditis was not found. Indeed, 1 patient 
with known arachnoiditis had lysis of adhe- 
sions under spinal anesthesia, with clinical 
improvement. While this procedure is not 
recommended, our experience is in accord 
with that of Ditzler and associates, who 
reported 10 patients with arachnoiditis to 
whom spinal anesthesia was administered 
without harmful effect. Our total experience 
of 9000 cases has led us to conclude that 
this feared complication of spinal anesthe- 
sia has not appeared more commonly in 
operations on the laterally herniated disc. 


Five cases of significant neurologic resid- 
ual were found in 3168 previously reported 
lumbar disc operations under spinal anes- 
thesia (table 7). In Ditzler's series, resid- 
ual deficit related to application of concen- 
trated nupercaine to the cauda equina. In 
Rosenberg's case," progressive weakness de- 
veloped in association with a deep wound 
infection and resolved with treatment of the 
infection. Spangfort's report? gave no infor- 
mation about the origin of the deficit. 
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Temporary urinary retention, as noted in 
table 3, was uncommon. Rosenberg and 
Berner! found urinary retention was more 
commcn after disc surgery under general 
anesthesia than under spinal. This observa- 
tion hes not been confirmed in a large ran- 
domly selected sample. 


Our 1% incidence of postoperative head- 
ache was about 10%, of that usually associ- 
ated with spinal anesthesia. We hypothe- 
size that epidural blood serves as a “patch,” 
and reduces the dural leak. 


One advantage of spinal anesthesia for the 
herniad disc may be decreased mortality. 
In the 4 series (table 7) employing spinal 
anesthesia for disc surgery, the 3 deaths 
represent a mortality rate of 0.08 percent. 
This is one-half that found in 15 recent 
reports. of results of nearly 8300 cases of 
disc surgery.‘ In Hartford Hospital’s 9000 
cases c disc surgery under spinal anesthe- 
sia, there has been 1 postoperative death, 
from myocardial infarction, a mortality rate 
of 0.01 percent. 


We eonclude that proper administration 
of spinel anesthesia for the herniated lumbar 
disc is 1 safe procedure. Serious neurologic 
complications attributable to the anesthetic 
method have not been observed more fre- 
quently than when using spinal anesthesia 
for other operations. Low mortality and 
morbid£y coupled with a short average hos- 
pital stay indicate to us that this is the 
anesthe-ia method of choice for such surgi- 
cal operations. 
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TABLE 7 
Summary of Literature on Spinal Anesthesia for Lumbar Disc Surgery 
Significant 
Operations neurologic residual Mortality 
Ditzler et al’ (1959) 766 1 0 
Rosenberg and Berner? (1965) 128 1 0 
Spangfort’ (1972) 2274 3 3 
Subtotal 3168 5 3 
Silver et al (1975) 576 1 0 
Grand total 3744 € (0.16% ) 3 (0.08% ) 
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Arterial pH, PCO, and osmolality 


were measured during cardiopulmonary resuscitation in dogs with or without intra- 
venous sodium bicarbonate (1 mEq/kg). In the first 15 minutes of resuscitation pH 
did not fall below 7.35 and serum osmolality increased significantly when sodium 
bicarbonate was not administered to dogs. When bicarbonate was added to the regimen 
pH increased transiently, PaCO. increased and remained above awake levels and serum 
osmolality was elevated. These data confirm that adequate ventilation during resusci- 
tation is sufficient to prevent the development of acidosis in the absence of pre-existing 
acidosis. PaCO. increased after bicarbonate despite adequate ventilation. These studies 
suggest that bicarbonate should not be used during cardiopulmonary resuscitation in 
the absence of (1) inadequate alveclar ventilation, (2) when cardiac arrest is brief 
and preexisting acidosis is unlikely er (3) in repeated doses without pH confirmation. 
Current recommendations of the National Conference on Cardiopulmonary Resuscita- 
tion are to administer bicarbonate 1 mEq/kg twice during the early minutes of 


resuscitation and repeat 0.5 mEq/kg at 10 minute intervals. 


(Bishop RL, Weisfeldt 


ML: Sodium bicarbonate administration during cardiac arrest. Effect on arterial pH, 
PCO: and osmolality. JAMA 235:506-509, 1976) 
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Hypoxemia and Hypocarbia 
Following Intermittent Positive-Pressure Breathing 


FRED G. WRIGHT, JR., CAPTAIN, USAF (MC)* 
MARY F. FOLEY, LT COL, (МС) 
JOHN B. DOWNS, MD: 
MICHAEL R. НООСЕ$5$ 


Тһе authors determined the effects of short- 
term, vigorous intermittent positive-pressure 
breathing (IPPB) on arterial blood О. tension 
(Paoz) in 10 unmedicated preoperative adult 
patients (ASA class I). Arterial blood was 
analyzed before and 0.5, 5, 15, and 40 minutes 
after 12 minutes of IPPB with nebulized 0.9% 
NaCl and room air. Рао» increased from 89.1 
+11 torr (mean + SD) to 102.1 + 13.9 torr, 
and arterial CO» tension decreased from 29.5 
+ 4 torr to 18.4 + 3 torr, causing significant 


[sterner positive-pressure breathing 
(IPPB) is used widely as pulmonary 
therapy for postoperative patients and for 
patients with chronic lung diseases. Such 
therapy is thought to be beneficial, or at 
least to do no harm.! However, mechanically 
assisted, large tidal-volume breathing ini- 
tiated in cooperative patients may cause 
alkalosis. Hypocarbia and alkalosis may 
decrease arterial blood O, tension ( Pao;).?.? 
Recently, hypoxemia has been described in 
patients with obstructive lung disease fol- 
lowing IPPB.: 


We initiated our study to determine the 
effects of short-term, vigorous IPPB in 


respiratory alkalosis (pHa 7.62 + 0.05). Five 
minutes after IPPB, Pao» decreased to 69.2 + 
8 torr; alveolar-arterial Ро» difference, breath- 
ing 21% О», increased significantly; and serum 
K concentration decreased significantly. АП 
these values returned to baseline levels within 
40 minutes. The authors, acknowledging the 
value of IPPB when specifically indicated, 
counsel cavtion in patients with borderline pul- 
monary reserve and arterial oxygenation. 


healthy preoperative adult patients with no 
evidence of preexisting pulmonary dysfunc- 
tion. 


METHODS 


Теп unmedicated ASA class I patients, 
ranging in age from 20 to 35 (mean 28) 
years, were placed in semi-Fowler's position. 
A radial artery cannula was inserted per- 
cutaneously to facilitate blood sampling. 
Each patient received IPPB with room air 
for 12 minutes from a volume-preset ventila- 
tor (bird Mark 9-6) with an inspiratory 
pressure plateau of 0.8 seconds and a tidal 
volume of 12 ml/kg. Normal saline solution 
(5 ml) was added to the nebulizer. Patients 
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were instructed to inhale, pause, then ex- 
hale at a comfortable respiratory rate (usu- 
ally 14 to 18 breaths per minute). Pao», 
arterial CO, tension (Paco.), and arterial 
pH (pHa) were measured with standard 
electrode technics* before and 0.5, 5, 15, 
and 40 minutes after IPPB. Alveolar-to-ar- 
terial O, tension difference breathing 21% 
O, (A-aDo;"?!) was calculated from the 
equation:? 





A-aDo,"?! = Fio, (PB — 47) — Расо» 
(Fio; + 1-Ёю,) — Pao. 
R 
assuming a respiratory quotient (R) of 0.8 
and alveolar CO, tension (Paco) = Расо». 


Barometric pressure ( PB) was recorded pri- 
or to study and subjects received an inspired 
O, concentration (F10,) of 0.21 at all times. 
Serum К’ concentrations were measured 
with a flame photometer,; hemoglobin by 
the cyanmethemoglobin method, and hemat- 
ocrit by centrifugation at the times men- 
tioned. At least 2 investigators were present 
during each study period. Data were ana- 
lyzed by analysis of variance, a 2-tailed Stu- 
dent’s t-test for paired data being used to 
determine significant differences from con- 
trol values where indicated. 


RESULTS 
IPPB increased Pao. from 89.1 + 11 
(mean + SD) torr to 102.1 + 13.9 torr 


“Instrumentation Laboratories model 113 analyzer. 
*Instrumentation Laboratories model 143. 
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(p<0.01). Paco, decreased from 29.5 + 4 
torr to 18.4 + 3 torr (p<0.01) and pHa in- 
creased from 7.44 + 0.02 to 7.62 + 0.05 
(p<0.01) immediately after IPPB. Five 
minutes after discontinuing IPPB, Pao, 
values decreased to 69.2 + 8 torr (p<0.01) 
and remained lower in every subject than 
pre-therapy values until the 40-minute sam- 
pling. Расо, and pHa were not statistically 
different from pre-IPPB values 5 minutes 
after therapy in any patient (fig 1, table). 


A-aDo. was initially unchanged by IPPB, 
but increased significantly 5 minutes post- 
therapy from 19.5 + 13.3 to 429 + 7.3 
(p<0.01) (table, fig 2). Serum K^ was un- 
affected initially by IPPB and alkalosis, but 
fell from 3.6 + 033 to 3.1 = 0.3 mEq/L 
(р<0.01) 5 minutes after IPPB and grad- 
ually increased toward, but did not reach, 
pretherapy levels until the 40-minute sam- 
pling (table, fig 2). 'There were no signifi- 
cant changes in hematocrit, serum Na’, or 
hemoglobin concentrations during the study. 


Following IPPB, volunteers said that they 
felt slightly light-headed, but were otherwise 
comfortable. All patients appeared at all 
times to breathe without obvious hypoven- 
tilation or apnea. 


DISCUSSION 
Most patients were apprehensive before 
the study, which may explain why control 
pHa and Paco. values reflected respiratory 
alkalosis. Prior studies" have questioned the 


20 30 40 


TIME (min) 


Еіс 1. Arterial CO, tension 


(Paco.), arterial О. tension (Pao.), and arterial pH (pHa), before 


and after IPPB. Prestudy apprehension caused mild hyperventilation and respiratory alkalosis (p<0.01 


compared with control values). 
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TABLE 


Arterial О, Tension (Pao;), CO; Tension (Paco;), pHa, Serum 
Potassium Concentration (K*), and Calculated Alveolar-Arterial 
O; Tension Difference (A-aDo;) Before and 0.5, 5, 15, and 40 
Minutes After 12 Minutes of IPPB (Mean + SD) 


ee 18————————————————_—___—__—_—__—__—__—_—— 























Post-IPPB 
Control 0.5 min 5 min " 15 min 40 min 
Рао», torr 89.1 102.1 69.2* 83.0 88.3 
110 +13.9 +8.0 +7.9 +8.5 
Paco., torr 29.5 18.4 26.7 29.6 81.5 
zi +3.0 +3. +4.6 +4.0 
pHa 7.44 7.6 1.47 7.45 7.44 
+0.02 + 0.0 + 0.03 2-0.04 +0.02 
K', mEq/L 3.6 3.6 3.1% 3.4 3.5 
2-0.3 zi: +0.3 +02 +0.2 
A-aDo. "21, torr 19.5 21.5 42.9* 26.8 17.8 
13.6 z-T.3 +9.1 +8.1 
[тю 
!p«o.0i 
76 
HK 
5 pHa 
7.4 
N б 
30 
SS 
РВ 0 10 20 30 40 
TIME (min) 
Fig 2. Alveolar-arterial O, tension difference (A-aDo,".21) during inhalation of room air, serum Ks; 


and pHa, before and after IPPB (p<0.01 compared with contro values). 


efficacy of postoperative IPPB therapy be- 
cause of the inability of pressure-limited de- 
vices to deliver adequate tidal volumes. 
Therefore, we elected to use an IPPB vol- 
ume approximately double the patient's nor- 
mal spontaneous tidal volume. An inspira- 
tory pressure plateau has been shown to 
produce increased alveolar distribution of 
inhaled gas,* and prior studies not using an 
inspiratory pressure plateau have been criti- 
cized.* Although we selected the tidal vol- 
ume and inspiratory flow pattern, patients 


*Bird F: Personal communication. 


determiaed the respiratory rate and degree 
of hyperventilation. We assumed Paco, 
= Paco. and R = 0.8 in calculating А-аро.. 
If Pacc, were actually less than Paco», 
changes in А-аро, following IPPB would 
have been greater. Similarly, were R actu- 
ally grezter than 0.8, the post-IPPB increase 
in A-al*o. would have been greater. By 
these assumptions, we minimized calculated 
change m A-aDo, following IPPB. 


There are numerous possible explanations 
for the 5bserved fall in Pao. after IPPB. 
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According to the Fick equation, |cardiac 
output = O, consumption (Vo.)/arterio- 
mixed venous blood O., content difference 
(Ca-Vo.) ], Ca-vo. is directly proportional 
to Vo. and inversely proportional to cardiac 
output. Рао, is inversely related to Ca-vo., 
when Pao, is less than the Pao.,* due to 
the transit of the mixed venous blood 
through a right-to-left shunt. Therefore, de- 
creased cardiac output or increased Vo. 
may elevate Ca-vo. and depress Pao..* 
Cherniack and associates” found that most 
cardiac output depression resulting from 
hyperventilation of anesthetized dogs oc- 
curred within the 1st minute. However, we 
observed no change in A-aDo, during hyper- 
ventilation (table, fig 2). If decreased car- 
diac output caused Pao. to fall in our pa- 
tients, we would expect the effect to have 
occurred during hyperventilation, not 5 min- 
utes later. An increase in Vo, also may have 
decreased Pao. without changing cardiac 
output. 


Khambatta and Sullivan!" found that res- 
piratory alkalosis after 2 hours of hyper- 
ventilation caused Vo. to increase signifi- 
cantly but to return to normal within a 2- 
hour recovery period. Increased Vo. asso- 
ciated with alkalosis occurs both clinically!! 
and experimentally.!?.!? Tt is unlikely that 
12 minutes of hyperventilation was suffi- 
cient to increase O., consumption enough to 
account for the marked fall in Pao., but we 
cannot rule out the possibility. Both acute 
alkalosis and hypocarbia will cause a left- 
ward shift in the oxyhemoglobin-dissocia- 
tion curve and decreased Pao,.” Since Pao. 
increased during the period of severe res- 
piratory alkalosis and decreased during the 
recovery period, a shift in the oxyhemoglo- 
bin-dissociation curve probably played no 
significant role in changing Pao. in our 
patients. 


Most investigators??? have postulated 
that apnea or hypoventilation following pro- 
longed hyperventilation is a potential source 
of hypoxemia. Our studies may show that 
hyperventilation partially depletes total 
body CO, content, but subsequent hypoven- 
tilation allows reaccumulation of these CO. 
stores. According to the alveolar-air equa- 
tion, an increased Paco, will decrease РАО, 
and, therefore decrease Рао„. In contrast, 
we found Paco. and, therefore, presumably 
Paco», less than baseline values when Pao. 
was lowest. Since Paco. did not increase in 
any patient after IPPB, calculated Pao, 
was not decreased and hypoventilation alone 
could not account for the decrease in Pao». 
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Mismatching of alveolar ventilation and 
perfusion (VA/Q) may cause hypoxemia 
during inhalation of room air? А de- 
creased exchange of CO. in the presence of 
normal or slightly increased O. uptake at 
the alveolar level (marked decrease in re- 
spiratory quotient) may cause acute loss of 
alveolar volume and functional residual ca- 
pacity (FRC) until normal CO.-O. ex- 
change is reestablished. Forrest!! demon- 
strated in guinea pigs that the decrease in 
total alveolar volume following hyperven- 
tilation was related to the duration of hyper- 
ventilation but was maximal during the first 
5 minutes. His findings complement those 
of McClenahan,'* who reported that hyper- 
ventilation of adult rat lungs reduced the 
amount of effective pulmonary surfactant, 
thus promoting alveolar atelectasis, de- 
creased FRC, and decreased lung compli- 
ance. 


Nisbet and associates! compared the 
Pao. of 2 groups of dogs mechanically ven- 
tilated for 1 to 2 hours. One group was main- 
tained at a normal Paco. and the other at 
a low Расо,. The Pao, fell and the A-aDo, 
increased in the hypocarbic dogs, but these 
changes were not observed in the dogs with 
normal Paco.. They attributed the differ- 
ence in arterial oxygenation to decreased 
cardiac output, VA/Q inequality, or both. 
Hyperventilation-induced VA/Q mismatch- 
ing probably explains the observed decrease 
in Pao. and increased A-aDo, in our pa- 
tients. 


Decreased serum K' during respiratory 
alkalosis has been reported previously.!? 
Respiratory alkalosis will decrease cellular 
Н“ concentration, extracellular K* will enter 
cells to maintain cation balance, and serum 
K' will decrease. In our patients, the extra- 
vascular shift of K^ lagged behind the pHa 
change, and serum K* remained below base- 
line values for up to 40 minutes, suggesting 
that a more complex relationship may exist 
between serum K* and pHa than previously 
reported. An acute fall in serum K* might 
have significant clinical implications in some 
patients with preexisting pathology (eg car- 
diac arrhythmias) or in those receiving med- 
ications such as diuretics and digitalis. 


'The purpose of this study was not to de- 
termine the efficacy of IPPB in patients 
with respiratory insufficiency. Our subjects 
were young, healthy, anxious, and unmedi- 
cated preoperative patients. Initial pHa and 
Paco. values indicated a state of acute hy- 
perventilation, which may have exaggerated 
our findings. In this setting, IPPB resulted 
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in further hyperventilation, hypocarbia, and 
alkalosis, leading to significant arterial hy- 
poxemia. 


Patients with decreased pulmonary re- 
serve and initially low Pao, may not re- 
spond in identical fashion. However, IPPB- 
induced acute alkalosis, hypoxemia, and hy- 
pokalemia in a previously compromised pa- 
tient might be detrimental. For these rea- 
sons, we recommend IPPB be administered 
only when specific indications warrant its 
use. Furthermore, precautions should be 
taken to prevent hyperventilation, and to 
minimize the risk of hypoxemia, supplemen- 
tal O. should be administered following 
therapy, especially in patients with border- 
line pulmonary reserve and arterial oxygen- 
ation. 
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Quantitation of peripheral vascular versus di- 
rect cardiac effects of isoproterenol (0.002 mg/ 
kg) was attempted in a new pharmacologic 
animal model, the unanesthetized calf, before 
and after replacement of its natural heart with 
a pneumatically driven artificial heart (AH). 
Isoproterenol significantly increased (p<0.01) 
cardiac output and pulmonary shunt and de- 
creased aortic blood pressure before and after 
AH replacement. Elevation of cardiac output 
and pulmonary shunt was greater (p<0.05) 
and depression of aortic pressure less (p<0.05) 
before AH replacement than after. Isoprotere- 
nol did not change pulmonary artery (PA) or 
right atrial (RA) blood pressures before AH 
implantation but did reduce (p<0.05) PA dia- 
stolic and mean pressures and increase mean 


R ECENT advances in the development of 
an artificial heart (AH) to replace 
the natural heart of patients with uncorrect- 
able or untreatable heart disease have made 
available a unique model for study of the 
differential cardiovascular and pulmonary 
effects of drugs with respiratory and cardio- 
vascular actions.'! This model, the uman- 
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RA pressures after. Systemic vascular resist- 
ance was significantly (p<0.01) reduced by iso- 
proterenol before and after AH implantation. 
Heart rate, О. uptake, respiratory rate, tidal 
volume, and minute volume were all markedly 
increased. before AH implantation but un- 
changed after. These findings demonstrate that 
approximately half the increase in output and 
pulmonary shunt and all changes in О. uptake 
and respiratory dynamics after administration 
of isoproterenol are related to cardiac effects 
of the drug. Our data also suggest that the 
unanesthetized bovine before and after AH 
replacement is a unique model for study of 
the differential pharmacology of drugs with 
respiratory, cardiac, and peripheral vascular 
effects. 


esthetized calf before and after its natural 
heart is removed and replaced with a pneu- 
matically powered, pulsatile artificial one, 
allows the direct cardiac effects of a drug 
to be differentiated from its actions on 
peripheral vasculature. Using the bovine 
AH model, we undertook the present study 
of the myocardial and peripheral vascular 
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effects of a single IV 0.002 mg/kg dose of 
isoproterenol. In addition, the effects of iso- 
proterenol on respiratory frequency, tidal 
volume, minute volume, O. uptake, and pul- 
monary shunt were also evaluated before 
and after AH implantation. 


METHODS 


'The experimental subjects were 20 unan- 
esthetized 80 to 104 kg bull calves. After 
induction of each animal with 3 to 5 mg/kg 
of IV sodium methohexital, intubation, and 
maintenance of anesthesia with 1 to 2% 
halothane, a 10-gauge needle was placed 
percutaneously into the right external jugu- 
lar vein. With continuous pressure record- 
ing, a 7-Fr Swan-Ganz triple-lumen cath- 
eter was threaded through the needle, 
through the right ventricle, and into the 
proximal pulmonary artery. Another cath- 
eter (14 Fr) was placed percutaneously into 
the opposite external jugular vein and 
threaded into the right atrium. Following 
this, a small neck or groin incision was 
made and a third catheter (17 Fr) threaded 
into the central aorta through either the 
left carotid or left femoral arteries. Catheter 
position was documented by fluoroscopy 
and catheter patency maintained with a 
dilute heparinized (2 units/ml) solution of 
lactated Ringer's solution, administered at 
a rate of 1 to 2 ml/hr via a constant-infusion 
pump. Anesthesia was then terminated and 
the animals extubated and allowed to re- 
cover for 24 to 48 hours. 


Pre-Artificial Heart Implantation Study 
Procedures.—Standing in a metal calf cage, 
the calf was allowed to breathe 100% О, 
through a specially designed airtight calf 
face mask. Inspiratory and expiratory J- 
valves (3 cm ID)* were attached to the 
mask portals and connected to an O., source. 
Pulmonary artery (PA) and aortic blood 
samples were obtained (for О, content 
analysis) after 20 minutes of O. breathing, 
and heart rate and systolic, diastolic, and 
mean PA and aortic and mean right atrial 
(RA) pressures were recorded. Oxygen up- 
take (V0.), respiratory rate (f), tidal vol- 
ume (V4) and minute volume (V) were 
then measured over a 3-minute period by 
removing both J-valves from the mask por- 
tals; attaching one of the portals to a stand- 
ard 9-liter, O.-filled closed-circuit spirom- 
eter equipped with water and CO. absorb- 
ers; and plugging the other portal of the 
face mask. 





*Warren E. Collins, model P-304. 
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Q4 was calculated using the Fick equa- 
tion: 
А vO, 
Qr = Cao, — C7o, 
Q.Q4 was determined from the modified 
shunt equation: 
(Pao. — Pao.) x 0.0031 
(Cao. — Сўо.„) + (Pao, — Pao.) х 0.0031, 


where Pao, = PB — Рн.о — Paco. 





Q./Q4 = 


Blood Peco. was measured with a Sever- 
inghaus electrode, pH with a Radiometer 
glass electrode, and Po. with a modified 
Clark electrode. All electrodes were main- 
tained at 39° C and frequently recalibrated 
with standard solutions and gases of known 
concentration and tension. Temperature cor- 
rections were made when necessary, using 
standard blood-gas correction factors. Oxy- 
gen saturation was determined on an AOC* 
oximeter and hgb on a Fisher hemophotom- 
eter. Rectal temperature was monitored with 
a Yellow Springs temperature probe and 
recording module. It was assumed that 1 
gm of fully oxygenated calf blood combined 
with 1.39 ml of O..f Blood О. content in 





*American Optical Company. 

*It has been shown (Kosochi T and Stanley T, un- 
published data) that freshly drawn, heparinized 12 
to 16-week-cld calves’ blood will bind 1.38 to 1.41 
ml of O,/gm hgb when fully oxygenated. 


ABBREVIATIONS AND SYMBOLS 

AH = artificial heart 

Cao, — O, content (ml) in 100 ml of arterial 
blood 


Cvo, = O, content (ml) in 100 ml cf mixed 
venous pulmonary artery blood 


f — respiratory rate 
Hgb — hemoglobin 
LA = left atrial 


PA — pulmonary artery 
Pao, = partial pressure of О, in alveolar air 


Pao, — partial pressure of O, in arterial blood 

Pa-ao, = alveolar-arterial О, tension differ- 
ence 

Paco, = partial pressure of CO, in arterial 
blood 

PB — barometric pressure 

Рн.0о = partial pressure of water in respira- 
tory alveoli (47 torr) 

PVR = pulmonary vascular resistance 

Q./Q« = pulmonary shunt 

Qr = cardiac output 

RA = righ: atrial 

SVR = systemic vascular resistance 

V — minute ventilatory volume 

V,,/V4 = dead space/tidal volume 

Vo, = О. uptake 

Ут = tidal volume 
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volumes percent wé alculated from the 
hgb capacity, O. saturation, and dissolved 
O., according to the equation: 


О, content = (1.39 X gm hgb/100 ml blood) + 


0.0031 X Pao.. 


SVR was calculated from the equation: 





SVR = à. 

Following control measurements and with 
the calves breathing into the spirometer, 
0.002 mg/kg of isoproterenol was rapidly 
given IV and after 1 minute, PA and aortic 
blood samples recollected; Vo., f, V4, V, 
heart rate and PA, aortic and RA blood 
pressures remeasured; and Q4 and 9/9 
recalculated. Two days later, each calf had 
his natural heart replaced with a pneumati- 
cally driven artificial heart. 





Ес 1. 


Silastic artificial heart used in these 
experiments. 


JARVIK ELLIPTICAL ARTIFICIAL HEART VENTRICLE 


INFLOW 
VALVE 


BLOOD CHAMBER 





COMPRESSED AIR 
PORTAL 


Fic 2. Cross-section of pneumatic artificial heart. 


mean aortic blood pressure — mean RA pressure 
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Design of Artificial Heart and AH Driv- 
ing System.—A silicone rubber* or poly- 
urethane elliptical type of AH (fig 1), pre- 
viously described,!-* was used. Composed of 
4 chambers (2 artificial atria and 2 artificial 
ventricles), it contains 4 Bjork-Shiley pyro- 
lytic-carbon disc valves and weighs approxi- 
mately 300 gm. Each ventricle (fig 2) con- 
sists of a rigid outer casing and a pliable 
inner blood-containing chamber, between 
which compressed air is applied for com- 
pression and ejection of blood. 


An intrinsic AH control system (also pre- 
viously described!) is based on the main- 
tenance of relatively normal atrial pressures. 
This system basically consists of 2 direct- 
acting, 3-way solenoid valves in the control 
module, which apply compressed air through 
the 2 air-drive lines during systole and, dur- 
ing diastole, exhaust air to the atmosphere. 
With this system, the rate of filling and, 
therefore, the volume of blood entering each 
ventricle during diastole increases with an 
increase in atrial pressure. This volume is 
expelled during the next ventricular systole. 
As filling of the ventricle diminishes, so 
does stroke volume. 'There is, thus, an in- 
herent balance between the pulmonic and 
systemic circulatory systems, as with the 
natural heart, and extremes of high and low 
atrial and venous pressures are avoided. 


Artificial Heart Implantation Procedures. 
— АП calves were anesthetized with 350 to 
500 mg of sodium methohexital, intubated, 
and ventilated with O. at volumes of 1500 to 
2000 ml/breath and rates of 10 to 14/min 
with a volume-limited respirator. Anesthe- 
sia was maintained with intermittent 2 
mg/kg doses of ketamine and 0.5 mg/kg 
doses of succinylcholine IV. After a right 
lateral thoracotomy, removal of the Swan- 
Ganz and RA catheters, and placement of 
cardiopulmonary bypass catheters in the 
right carotid artery and inferior and supe- 
rior jugular veins, cardiopulmonary bypass 
was initiated. 


'The natural heart was then excised, leav- 
ing the right lateral portion of the right 
atrium with both vena caval orifices and 
the bases of both atria. Silastic artificial 
left and right atria were sutured to the rem- 
nants of the natural atria. The artificial 
heart was then attached to the natural PA 
and aorta by standard woven Dacron arte- 
rial grafts and to the artificial atria by a 
quick-connect cinch mechanism. The PA 





*Silastic®, silicone rubber of the Dow-Corning Com- 
pany, Midland, Michigan. 
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and aortic grafts and artificial RA and left 
atrium (LA) contained Silastic taps, to 
which pieces of high-pressure IV tubing 
were connected and brought outside the 
chest for blood sampling and pressure moni- 
toring. 


Post-Artificial Heart Implantation Proto- 
col and Study Procedures.—The calves were 
extubated 12 to 16 hours after AH implan- 
tation and all were eating, drinking, and 
behaving normally 24 to 36 hours later. 
They received no medications except gen- 
tamicin and/or penicillin thereafter. Post- 
implantation studies were initiated 4 to 36 
days after AH implantation when Уу was 
2400 ml, Paco, «45 torr and Pao. >70 
torr for 6 or more hours while breathing 
room air. Additional criteria for acceptance 
in the study included a 9/9, and mean 
PA, aortic, and RA pressures within 20% 
of pre-AH levels when AH cardiac output 
was adjusted (via AH rate changes) to ap- 
proximate preimplantation values. 


When these requirements were met, each 
animal was allowed to breathe 100% О, 
through the calf face mask and the pre-AH 
implantation study procedures repeated. An 
additional parameter available for measure- 
ment post-AH implantation was mean LA 
pressure. The latter was obtained, as was 
RA, PA, and aortic pressures and blood 
samples, from high-pressure tubing con- 
nected to taps on the artificial atria and 
vascular grafts attaching the artificial ven- 
tricles to the natural PA and aorta. With 
mean LA pressure, it was possible to cal- 
culate pulmonary vascular resistance ( PVR) 
after AH implantation, using the equation: 


mean PA pressure — mean LA pressure 
Qr 





PVR = 


RESULTS 


There was no significant difference in any 
parameter measured during control condi- 
tions (before administration of isoprotere- 
nol) prior to and after AH implantation 
(tables 1 and 2). Isoproterenol significantly 
(p<0.01) increased Q4 and Qs/Q, and de- 
creased systolic, diastolic, and mean aortic 
blood pressure before and after AH replace- 
ment. Elevation of Q and Qs/Q» was mark- 
edly greater (p<0.05), and depression of 
aortic blood pressure significantly less 
(p«0.05), before AH replacement than 
after. Correlation of changes in 95/9 with 
those in Q4 was good both before (r-0.79) 
and after (r=0.84) implantation. Isopro- 
terenol did not significantly change systolic, 


563 


diastolic, and mean PA or mean RA pres- 
sures before AH implantation. After im- 
plantation, systolic PA pressure was also 
unchanged by isoproterenol; however, dia- 
stolic and mean PA pressures were signifi- 
cantly (p<0.05) decreased and mean RA 
pressure significantly (p<0.05) increased. 


SVR was reduced 48% by isoproterenol 
before AH implantation and 42% after. 
Both reductions were significant (p« 0.01) 
but the difference between them was not 
(p>0.2). After AH implantation, PVR was 
reduced 31%, by isoproterenol. PVR could 
not be calculated before implantation be- 
cause LA pressure was not measured. Iso- 
protereno! produced marked increases іп 
heart rate (+119%), Vo. (+15%), f 
(+28%), Vr (+16%), and V (+48%) be- 
fore AH implantation but made no signifi- 
cant change in any of these parameters after 
AH implantation. Arterial pH and Расо, 
were not significantly changed by isoprotere- 
nol either before or after AH implantation. 


DISCUSSION 

The mode of action and in particular the 
cardiovascular effects of the catecholamines 
have been extensively investigated for over 
70 years." 7? These studies have demonstrat- 
ed that isoproterenol, epinephrine, and nor- 
epinephrine have significant peripheral vas- 
cular effects, and that the first two also have 
profound direct positive inotropic and 
chronotropic actions on the myocardium. 
Additional studies*!? have shown that all 
3 agents significantly increase respiratory 
rate, tidal volume, minute ventilation, and 
total body O. consumption; however, the 
influence of peripheral vascular versus di- 
rect cardiac effects of these drugs on car- 
diac output and respiratory dynamics has 
not been quantitated. 'ТҺе most important 
reason for this is that until now there has 
not been an intact experimental animal 
model that would permit such investigations. 
We believe that recent advances in the de- 
sign and development of a pneumatically 
driven, pulsatile, artificial heart, which can 
be implanted into the chest cavity of 12 to 
18-week-old calves, has made such studies 
feasible. 


In this study, a single IV dose of 0.002 
mg/kg of isoproterenol caused a 63%, in- 
crease in Q4 before AH replacement and a 
29% increase after. These findings indicate 
that 46%, or approximately half, of the in- 
crease in Q4 after this dose of isoproterenol 
in the calf with his natural heart intact is 
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TABLE 1 


Effects of Isoproterenol on Cardiovascular Dynamics Before 
and After Artificial Heart Implantation in 20 Calves (Mean + SD) 
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Natural heart 


Artificial heart 








Before After Percent Before After Percent 
isoproterenol isoproterenol change isoproterenol isoproterenol change 
Cardiac output, 9.8 +1.9 1%2* 2.2 +63 10:1.5-2.4 18,0* + 2:0 291 
L/min +11 SE 
Heart rate 86+8 192*+12 +119 90 90 0t 
+12 
Pulmonary artery 
Systolic BP, torr ale 17 33 +6 +6 34 + 10 38 + 8 —8 
+3 +2 
Diastolic BP, torr 11+4 Hi + 5 0 123 8t2-2 —33 
+2 +9 
Mean BP, torr 19+4 20+6 +5 21 +3 16ї +3 — 24 
+8 +8 
Aortic 
Systolic BP, torr 143 + 12 128* + 10 —10 147+13 aE Ve a TA —16t 
+4 +15 
Diastolic BP, torr 92+9 16* +9 —17 94 + 9 TOF 9 —25t 
+6 +9 
Mean BP, torr 108 + 10 93* + 8 —14 111 47 90* +8 —191 
zb ж 
Left atrial pressure, 10 2- 2 T* 31 —30* 
torr +9 
Right atrial pressure, 62 T2 +17 73252 10t +1 +42* 
torr +13 12 
Systemic vascular 11-52 5.7* = 1.8 —48 10.5 + 1.8 6.1* 3- 1.5 —42* 
resistance (PRU) +9 +11 
Pulmonary vascular 1.0 + 0.2 Girl —31* 
resistance (PRU) +9 


*p<0.01, Student’s paired t-test when compared to pre-isoproterenol values. 
7р<0.05, Student's paired t-test when compared to pre-isoproterenol values. 
tp<0.05, Student's paired t-test when compared to isoproterenol-induced changes before AH implantation. 


TABLE 2 


Effects of Isoproterenol on Respiratory Dynamics Before and 
After Artificial Heart Implantation in 20 Calves (Mean -- SD) 











Natural heart Artificial heart 

Before After Percent Before After Percent 

isoproterenol isoproterenol change isoproterenol isoproterenol change 

Pulmonary shunt, % 10.9 + 3.1 16.1* + 4.0 +48 121 1:9 14.51 + 2.4 +204 
+10 +7 

Minute volume, 25556 ӨЛ ==, --48 26 —8 26+7 0ї 
L/min +14 +6 

Respiratory rate, 32 + 7 41* + 8 +28 37 + 10 38 + 9 +21 
breaths/min set +7 

Tidal volume, ml 781 + 43 909* + 51 +16 706 + 50 695 + 44 —2i 
+4 +6 

O: uptake, ml/min 519 + 37 595+ + 26 +15 515 + 39 527 + 44 a 

+5 + 





*р<0.01, Student's paired t-test when compared to pre-isoproterenol values. 
*p«0.05, Student's paired t-test when compared to pre-isoproterenol values. 
1р<0.05, Student's paired t-test when compared to isoproterenol-induced changes before AH implantation. 
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achieved through peripheral vascular mech- 
anisms, a decrease in arterial resistance 
and/or an increase in venous return. The 
profound arterial-dilating effects of isopro- 
terenol secondary to beta-adrenergic stimu- 
lation are well known.** Less known, but 
possibly equally or more important, are the 
effects of this agent on capacitance vessels. 
Some have suggested that isoproterenol in- 
creases venous return by constricting capa- 
citance vessels,!? others that isoproterenol 
causes a dilation of such vessels.!* 


Green!’ has recently demonstrated that 
the immediate (within 1 min) effect of iso- 
proterenol is to dilate the splanchnic out- 
flow vessels, releasing trapped blood from 
the splanchnic bed. After 3 minutes, most 
of this increased blood volume is then re- 
distributed via a reduction in peripheral 
arterial resistance from splanchnic to periph- 
eral (muscular) compartments. Our protocol 
did not allow us to differentiate immediate 
(<1-min) changes in Q4 from those occur- 
ring at 3 minutes. Furthermore, the bovine 
AH animal model does not permit separa- 
tion and quantitation, with any degree of 
accuracy, of changes in arterial resistance 
from changes in venous capacitance. How- 
ever, it is clear from the large decrease in 
calculated SVR before and after AH im- 
plantation, and the significant increase in 
RA pressure after implantation but not be- 
fore, that isoproterenol has a marked effect 
on both SVR and venous return. 


Perhaps more important than differen- 
tiation between the direct cardiac effect of 
isoproterenol and its peripheral vascular 
effects is investigation of the influence of 
the drug on respiratory dynamics, particu- 
larly f, Уу, V and Vo.. In this study, the 
latter were increased 28, 16, 48, and 15%, 
respectively, before AH implantation but 
not significantly changed after implantation. 
A number of other investigators" 12.10-19 
have had results similar to our pre-AH im- 
plantation findings in unanesthetized man 
and other animals. Cobbold and coworkers" 
found that 0.1 „g/kg of isoproterenol admin- 
istered as a continuous infusion over a peri- 
od of 30 minutes increased f a maximum of 
30% and V. 30 to 45% in man. Pulmonary 
V increased 66%, within 5 minutes and sub- 
sequently fell to a level 30%, above resting 
ventilation, a level maintained through the 
period of infusion. The changes in ventila- 
tion corresponded to increases in O. con- 
sumption and averaged 30% above control 
levels for the whole study. Similar, though 
less profound, respiratory changes have 
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been found with infusions of epinephrine 
and norepinephrine.?-1? 


Although there have been many attempts 
to investizate catecholamine-induced hyper- 
pnea, the mechanism is still unknown. Our 
findings in this study, while not demon- 
strating the exact cause of isoproterenol 
hyperpnea, do suggest that the mechanism 
is related to myocardial inotropic and/or 
chronotropic stimulation. Furthermore, they 
indicate that increases in Vo. after isopro- 
terenol are not related to peripheral vascu- 
lar effects of the drug or apparently to any- 
thing other than cardiorespiratory changes. 
Our data do not differentiate the percent of 
Vo. increase due to increased myocardial 
activity from that due to increased respira- 
tory activity. However, it appears that Vo, 
changes after isoproterenol are not primar- 
ily due te Q4 alterations, since output in- 
creased an average of 29% after AH im- 
plantation but Vo, remained unchanged. 


95/9. was markedly increased ( 44897) 
before AH implantation and also significant- 
ly increased (+ 209%) after implantation. A 
number of investigators!"-!? have found sig- 
nificant increases in 95/9. and Pa-ao; gra- 
dients after isoproterenol. Although the pre- 
cise etiology remains uncertain, alveolar col- 
lapse and interference with hypoxic pressor 
responses have been attributed as mecha- 
nisms.'" Palmer and Diament?" have sug- 
gested that the primary cause of these 
changes is a decrease in airway resistance 
and an increase in physiologic dead space. 
It is difficult to conceive, in view of the 
significant difference іп Q,/Q4 changes fol- 
lowing isoproterenol before and after AH 
replacement, how the same dose of drug 
could cause less alveolar collapse, a greater 
hypoxic pulmonary pressor response, or a 
smaller decrease in airway resistance after 
AH implantation than before. It appears 
more reasonable, since correlation of changes 
in Qs/Q, with those in Q4 were very high 
both before and after AH replacement, that 
Qs/Q, changes after isoproterenol are more 
directly related to Q4 or pulmonary blood 
volume alterations and disturbances of ven- 
tilation and perfusion matching secondary 
to these changes. 


Kreuzer'? came to the same conclusion 
after showing that norepinephrine always 
produced significant decreases while epi- 
nephrine either decreased, increased, or 
yielded a biphasic A-aDo, response, depend- 
ing on the dose of the amine used and pre- 
sumably whether alpha or beta-adrenergic 
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stimulation predominated in his anesthe- 
tized dog preparations. He also suggested 
that a redistribution of blood from the pul- 
monary to the systemic circulations (as 
would probably occur after isoproterenol) 
or from the systemic to the pulmonary cir- 
culation (as would probably occur after 
norepinephrine) depended on the strength 
and duration of systemic and bronchial ver- 
sus pulmonary vasoconstriction or vasodi- 
lation. 


Absence of LA pressure measurements 
prevented calculation of PVR and compari- 
son of changes in it with that of SVR during 
the pre-AH replacement periods of our 
study. However, comparison of these pa- 
rameters post-AH replacement indicates 
that SVR was reduced to a greater degree 
than PVR, suggesting that pulmonary blood 
volume may have been decreased by isopro- 
terenol after AH implantation despite an 
increased Q4. Whether pulmonary blood vol- 
ume was also decreased by isoproterenol 
before AH replacement and, if so, whether 
it was decreased to a greater extent than 
after AH replacement, are questions that 
cannot be answered at this time. Likewise, 
it is impossible to determine from our data 
whether pulmonary blood volume changes 
(if they do indeed occur and are related to 
alterations in Q4/Q4) are important factors 
in the development of isoproterenol hyper- 
pnea. 


Perhaps, in spite of the absence of changes 
after AH implantation, alteration in Qy is 
the principal determinant of isoproterenol 
hyperpnea. It is possible that significant 
changes in f, Vy and V occur only after a 
large change in Q4, and that 0.002 mg/kg 
of isoproterenol did not produce enough of 
an increase in AH output after AH implan- 
tation to alter any of these parameters. If 
this were the case, large changes in Qy, as 
produced by any mechanism, should induce 
hyperpnea. 


Recent experiments in our laboratories 
have demonstrated that this is true.* Using 
the unanesthetized calf with an artificial 
heart and electively and nonpharmacologi- 
cally changing heart rate (via a knob on 
the AH control module), wet found an ideal 
range of Qr that minimized f, V, Уо», 5/92, 
and Vp/Vr and maximized У, in each ani- 
mal studied. The ideal range varied in 
width (from 1.2 to 2.6 L/min, or up to 37% 
of Q4) and in absolute numbers from ani- 
mal to animal and in the same animal with 
change in position and metabolic state. 
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Changes within the ideal range of Q4 did 
not produce significant changes in any of 
the above parameters. On the other hand, 
increases or decreases in Q4 out of the ideal 
range were almost always associated with 
increases in f, V, Уо», 9/9, Vp/Vr and 
decreases in V, that were directly related 
to the magnitude of the p alteration. It 
was suggested on the basis of these observa- 
tions that there is an ideal range of Q, 
which optimizes respiratory dynamics and 
minimizes Vo. for any given metabolic 
state. 


These data and the results of this experi- 
ment raise a number of interesting ques- 
tions. Can other noncatecholamines that 
produce profound effects in Q result in 
similar respiratory and Vo. changes? Is the 
hyperpnea of hypovolemic and cardiogenic 
shock related to Q4 changes? Does the hy- 
perpnea of these entities differ from that 
resulting from isoproterenol? If ©, altera- 
tions are the primary mechanism of cate- 
cholamine hyperpnea, is the pathway 
through the CNS or is it a direct effect on 
the lung? 


These questions are unanswered at pres- 
ent but will have to be answered in the 
future if the mechanism of catecholamine- 
induced hyperpnea is to be finally under- 
stood. The AH-implanted bovine animal 
model may help in the solution of these 
problems, as well as in differentiation of the 
respiratory, cardiac, and peripheral vascu- 
lar effects of any drug with cardiorespira- 
tory actions. 
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ASTHMA. An attempt was made to define criteria that would identify patients with 
acute asthma who should be managed as in-patients rather than outpatients. Asthma 
attacks not successfully treated in the emergency room were characterized by severe 
airway obstruction (peak flow rate less than 16% of the predicted) and a poor response 
to the initial epinephrine injection (0.3 ml subcutaneously) as evidenced by a peak 
flow rate improving less than 16% or remaining below 60 l/min. Accurate assessment 
of the degree of airway obstruction and subsequent responsiveness to bronchodilators 
(epinephrine and aminophylline) was not possible by clinical impression or physical 


examination. 


In the patients requiring hospitalization hypoxemia was modest and 


hypercarbia was not present. (Banner AS, Shah RS, Addington WW: Rapid prediction 
of need for hospitalization in acute asthma. JAMA 235:1337-1338, 1976) 
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Tetrodotoxin (TTX), alone and in combination 
with various vasoconstrictors and local anes- 
thetics, was evaluated for its ability to pro- 
duce peripheral nerve blocks in the rat and 
central neural blocks in the cat and dog. High 
frequency and long duration of block can be 
attained if sufficiently high concentrations of 
TTX are used, although latency is long and 
high dosage may produce systemic toxicity. 
Frequency and mean duration of block can be 
increased and systemic toxicity reduced if TTX 


M ost published studies on tetrodotoxin | 

(TTX) have been concerned with its 
site and mechanism of action, its effects on 
such structures as the neuromuscular junc- 
tion, and its pharmacologic effects on iso- 
lated tissues and in whole animals. Only 
a few have evaluated its remarkable local- 
anesthetic properties.^? 


Exploratory studies in our laboratory hav- 
ing indicated that conventional local anes- 
thetics enhance the nerve-blocking activity 
of TTX, especially at those anatomic sites 
in which there are barriers to penetration, 
such as the dura mater and the neural 
sheath, we conducted studies to examine this 
phenomenon more fully. 


METHODS 
Isolated Frog Sciatic Nerve. — Sciatic 


JA toxin originally extracted, in 1950, from the 
ovaries of the globe fish (Spheroides rubripes) in 
Japan; LD,, in mice 10 “g/kg IP. Ed. 


*Head. General Pharmacology Section. 
1Director of Research. 
tHead, Chemistry Section. 


is administered with a vasoconstrictive agent. 
Conventional local anesthetics also enhance the 
nerve-blocking activity of TTX. When appro- 
priate concentrations of TTX and local anes- 
thetics are used, a high frequency of blocks 
characterized by short latency and long dura- 
tion can be demonstrated. The studies present 
some indirect evidence that local anesthetics 
enhance TTX activity by reversibly increasing 
the permeability of various neural barriers to 
TTX. 


nerve trunks of Rana pipiens were prepared 
(after the Camougis-Takman method!") by 
dissecting the nerve trunk from its roots in 
the spinal cord to the ankle and placing it 
on silver-silver chloride electrodes for stim- 
ulation of the nerve trunks and recording of 
the compound action potential at intervals 
throughout the blocking and recovery peri- 
ods. Tasaki-Ringer solution (pH 7) was 
used both as a control medium and as a 
solvent for the test agents, and the nerve 
trunks were stimulated at 30 Hz. Based on 
exploratory studies, concentrations of lido- 
caine and of TTX were selected that pro- 
duced a 5 to 15% block of the compound 
action potential after 30 minutes of expo- 
sure. Data were obtained on 7 nerve trunks 
exposed to 0.625 mM lidocaine, 8 exposed 
to 1 x 10-7 M of TTX, and 14 to a solution 
containing both lidocaine and TTX. 


Rat Sciatic Nerve Blocks.—Precisely 0.2 
ml of local anesthetic solution was injected 
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into the midthigh region of 1 hind limb 
around the sciatic nerve trunk. After injec- 
tion, each animal was examined at intervals 
to ascertain frequency, onset, depth, and 
duration of block, as manifested by loss and 
recovery of motor function in the injected 
limb. 


Frequency represents the number of suc- 
cessful blocks out of the total number of 
trials; onset is the time interval between 
the injection and the maximum degree of 
block obtained; and duration is the time 
interval between attainment of the maxi- 
mum degree of block and either recovery of 
the ability to grasp or complete return of 
normal motor function. Frequencies, onsets, 
and durations given in the text and tables 
are for complete blocks resulting in total 
paralysis of the injected limb. 


Five specific studies of rat nerve were 
conducted. * 


1. TTX alone and with epinephrine. 
2. TTX alone and with lidocaine. 


3. TTX with lidocaine and with vaso- 
constrictors (phenylephrine, epinephrine, 
levonordefrin) . 


4. TTX and procaine. 
5. TTX with local anesthetics. 


Epidural Anesthesia in the Cat.—One 
male and 3 female cats, weighing 2.8 to 4 
kg, were surgically prepared (by the method 
of Duce!!) under anesthesia, by implanta- 
tion of a polyvinyl catheter into a lumbar 
vertebra, for introduction of local-anesthetic 
solutions into the epidural space. Animals 
were allowed a minimum of 24 hours for 
recovery before tests. Each animal then re- 
ceived, on each of 3 consecutive days and 
in a randomized order, 1.5 ml of (1) 2% 
lidocaine; (2) TTX 1 „g/ml; or (3) 2% 
lidocaine with TTX, 1 „g/ml. All solutions 
contained 1:100,000 epinephrine. 


Epidural Anesthesia in the Dog.—Adult 
male dogs, weighing an average of 10 kg, 
were surgically prepared (by the Lebeaux 
method!?) under anesthesia, by implanta- 
tion of a polyvinyl catheter into L-6 verte- 
bra, for introduction of local-anesthetic solu- 
tions into the epidural space. All animals 
were allowed to recover for at least 24 
hours before tests. Test solutions (5 ml) 
were administered at the rate of 1 ml/min, 
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and animals were examined at frequent in- 
tervals for signs of onset of sensory anal- 
gesia апа motor blockade. Examinations 
were ccntinued at intervals until recovery 
from sensory and motor block was complete. 
The 2 nind limbs were evaluated indepen- 
dently for onset and duration of sensory 
analgesa and motor blockade. Each of 3 
pairs of animals received 1 of the following 
3 solutions: 2% lidocaine; TTX, 4 „g/ml; 
2% lidecaine with TTX, 4 „g/ml. All solu- 
tions ccntained 1:100,000 epinephrine. 


Solu&ons.—Stock solutions of TTX+ (pH 
adjusted to 4-5) were prepared in distilled 
water and kept refrigerated. Dilute solutions 
for the studies were freshly prepared on the 
day of use, as were НСІ solutions of the 
local anesthetics. Epinephrine, when em- 
ployed, was added to the solutions imme- 
diately before use. 


RESULTS 


Isola:ed Frog Sciatic Nerve.—Lidocaine 
produced a mean block of 16% and TTX a 
mean kiock of 6%. The solution containing 
0.625 mM lidocaine and 1 x 10-7 M of TTX 
produced a mean block of 47%, which is 
significantly greater (p<0.01) than that 
caused by either agent alone. 


Rat Sciatic Nerve Blocks. 


1. TTX Alone and With Epinephrine.— 
Epinephrine improved the frequency and 
increased duration of block at concentra- 
tions below 10 „g/ml. The toxicity of TTX 
was also reduced by the vasoconstrictor. No 
fatalities occurred at 10 „g/ml, and although 
all the animals given the 20 „g/ml solution 
died, the mean time to death in this group 
was 52 + 12 minutes compared with 13 + 2 
minute: for the group given this concentra- 
tion of TTX without epinephrine. 


2. TTX Alone and With Lidocaine.— 
Neither TTX, 1 „g/ml, пог 0.1% lidocaine 
produced any blocks. However, a solution 
containing TTX and 0.1% lidocaine pro- 
duced sciatic nerve block of 1 hour’s dura- 
tion in 66% of the animals. At 0.2%, lido- 
caine produced sciatic nerve block with a 
mean curation of 1 hour in only 50% of 
the animals, but a solution containing TTX 
and 0.2%, lidocaine produced sciatic nerve 
block, with a mean duration of 79 minutes, 
in all the animals. 


3. TTX With Lidocaine, Plain and With 
Vasoconstrictors. — The plain solution of 
TTX and lidocaine produced a block of 
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about 3 hours duration in 1/5 of the animals 
injected. With the vasoconstrictors, frequen- 
cy of block was 10095 and mean duration 
about 6 hours. Unpaired t-tests showed that 
the onset time with levonordefrin was sig- 
nificantly longer than with phenylephrine 
(0.02>p>0.01) and epinephrine (p<0.01) 
but did not differ significantly between phen- 
ylephrine and epinephrine. 


4. Temporal Relationship Between the 
Synergistic Effects of TTX and Procaine.— 
Procaine (2%) produced sciatic nerve block 
with a mean duration of 99 minutes. This 
duration was not affected by a subsequent 
injection of distilled water at 30 minutes. 
TTX, 1.5 „g/ml, produced no blocks in this 
experiment. The longest duration occurred 
when procaine and TTX were administered 
simultaneously. The mean duration of 
blocks became progressively shorter as the 
interval between the procaine and TTX in- 
jections was increased. TTX at 120 minutes 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 4. JuLv-Aucusr, 1976 


had no effect; the mean duration of the pro- 
caine block was essentially the same as 
when procaine alone was given and when 
procaine was followed by distilled water. 


5. TTX Administered Simultaneously 
With Various Local Anesthetics (table 1). 
— With TTX alone, frequency of block was 
only about 10% and the mean onset time 
was long. Frequency of block was 100% 
with all solutions containing both TTX and 
a local anesthetic, and mean onset times 
were virtually identical to those of the cor- 
responding local anesthetics alone. However, 
mean durations of the solutions containing 
the 2 agents were 214 to 5 times greater than 
with the corresponding local anesthetics. 


6. Epidural Anesthesia in the Cat (table 
2).—In general, frequency and duration of 
block were greater with the mixture of lido- 
caine and TTX than with either agent by 
itself. 


TABLE 1 


Rat Sciatic Nerve Blocks with TTX and Local Anesthetics 
pe—— d — € € € ee ee es 








Frequency Onset* 

Agent Concentration of block of block Duration of block 
Tetrodotoxin 2 ug/ml 2/20 13 151 
Procaine 2% 5/5 2 60 +7 
TTX:procaine 2 ug/ml:2% 5/5 2 314 + 58 
Lidocaine 2% 5/5 1 103 + 37 
TTX:lidocaine 2 ug/ml:2^64 5/5 1 348 +17 
Tetracaine 0.25% 4/5 6 62 24 
TTX:tetracaine 2 we /ml1:0.25% 5/5 5 296 + 49 
Dibucaine 0.125% 3/5 6 108 + 25 
TTX:dibucaine 2 ug /ml:0.125% 5/5 6 272 + 56 
Cocaine 0.25% 5/5 5 86+17 
TTX:cocaine 2 ug/ml :0.25% 5/5 5 361 + 28 
Bupivacaine 0.5% 5/5 4 133 + 34 
TTX:bupivacaine 2 wg /m1:0.5 9% 5/5 2 332 + 52 


*Mean onsets and durations are іп minutes. SD is given for durations. 


TABLE 2 
Peridural Anesthesia in the Cat 


_ Orr 


Block of flexor reflex Block of weight support 








Agent* Concentration Frequencyt Onsett Duration§ Frequency? Onsett Duration§ 
Lidocaine 2% 5/8 7 66 + 19 8/8 2 88 + 10 
Tetrodotoxin 1 ug/ml 0/8 — — 0/8 — — 
TTX:lidocaine lug/m1:2% 7/8 7 109 +8 8/8 <1 188 + 9 


*АП solutions contained 1:100,000 epinephrine. 
tFour animals, each hind limb evaluated separately. 
1Меап onset in minutes. 

3Mean duration in minutes = SD. 
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7. Epidural Anesthesia in the Dog (table 
3).—Mean durations were essentially the 
same for TTX alone and TTX with lido- 
caine; they were, however, 2 to 215 times 
longer than with lidocaine alone. Mean on- 
set times for TTX were in general 2 to 4 
times longer than with lidocaine. Of special 
interest is the observation that perception 
of noxious stimuli in the pudendal region, 
which was blocked in only one dog for 
about 2 hours with TTX, was blocked in 
both animals for a mean duration of about 
5 hours with TTX and lidocaine. 


DISCUSSION 


TTX is an extremely potent agent capa- 
ble, in microgram concentrations, of pro- 
ducing reversible blocks of long duration 
in vitro and in situ. Because of its low lipid 
solubility, it apparently penetrates with dif- 
ficulty such barriers as the dura mater and 
the neural sheath around peripheral nerves. 
Evans,” for example, reported that TTX 
was ineffective when applied to peripheral 
nerves unless they were first desheathed, but 
that topical application of very low concen- 
trations of TTX to the intradural portion of 
spinal roots produced conduction block, pre- 
sumably because those roots lack a sheath. 
The studies reported here demonstrate that 
reversible nerve blocks of long duration can 
indeed be produced in peripheral nerves if 
sufficiently high concentrations of TTX are 
used. 


As we observed in the rat sciatic nerve 
blocks, however, concentrations that pro- 
duce a high frequency of successful blocks 
may also cause systemic toxicity and death. 
Vasoconstrictors in appropriate concentra- 
tions increase the frequency of successful 
blocks and reduce systemic toxicity and fa- 
talities. The concomitant administration of 
classic local anesthetics also enhances the 
conduction blocking activity of TTX, as 
demonstrated in the studies of peripheral 
nerve blocks in rats and epidural anesthesia 
in cats and dogs. If suitable concentrations 
of TTX and local anesthetic agents are com- 
bined, these exhibit the short latency and 
high frequency of successful blocks charac- 
teristic of the local anesthetic and the re- 
markably long blocks characteristic of TTX. 


It is possible to demonstrate what appears 
to be a true potentiation if the TTX or the 
local anesthetic, or both, are used at concen- 
trations that are marginally effective or 
even ineffective. For example, neither TTX 
at 1 »g/ml nor 0.1% lidocaine effected any 
blocks when injected around the rat sciatic 


TABLE 3 
Epidural Anesthesla In the Dog 


Duration of block 


Onset of block* 





Weight 


Sensory analgesia 


Flexor 


Weight 


Sensory analgesia 


Flexor 








Hind limbs Pudendal area support reflex Hind limbs Pudendal area 


reflex 


Concentration 


Agent 


support 
148 + 12 
406 + 69 
462 + 72 





118 


114 + 15 
224 + 123 
316 + 82 


115 + 15 
250 + 96 
313 + 84 


05 7+ 0.5 4.5 32 
157 


18 +6 


2% 
4 ug/ml 
2%: 4 ug/ml 


Lidocaine 
TTX 


1257 
301 


+0 


14 + 0.6 


3+0 


4.5 


£ 


831 


Lidocaine: TTX 


*Onset and duration in minutes as means SD. 


1Block in 1 of 2 animals only. 
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nerve trunk; when both were administered 
simultaneously, however, a better than 50%, 
frequency of blocks was obtained with a 
mean duration of about an hour. It was also 
possible to demonstrate in the cat that a 
concentration of TTX that by itself pro- 
duced no overt signs of epidural anesthesia 
doubled the duration of block produced by 
295 lidocaine. 


A further example can be singled out of 
the studies of epidural anesthesia in dogs. 
Analgesia in the pudendal area lasted for 
about 2 hours in the 2 animals tested with 
295 lidocaine; TTX at 4 „g/ml effected 
block of this area for about 2 hours in only 
one dog. The solution containing both 
agents, however, produced sensory block in 
the pudendal area in both animals with a 
mean duration of 5 hours. 


Lebeaux'" has pointed out that, if the 
catheter is surgically implanted at L-6, the 
nerve roots mediating pain in this area are 
several spinal segments removed from the 
site of administration of the drug solution. 
The concentrations of TTX and lidocaine 
are, after diffusion from the site of admin- 
istration and penetration through the bar- 
riers interposed between the epidural space 
and the spinal roots, lower than at the site 
of administration. Consequently, the syner- 
gistic effects of an adequate concentration 
of local anesthetic and a concentration of 
TTX that, on the basis of poor frequency, 
long onset, and relatively short duration, 
can be regarded as considerably less than 
maximally effective, are manifested as a 
block that is 2% times longer than that 
produced by either agent alone. 


'The mode of action of the vasoconstrictors 
in enhancing the nerve-blocking effects of 
TTX seems clear. They decrease blood flow 
through the area, reduce systemic absorp- 
tion, and thus maintain a higher concentra- 
tion of TTX at the site of administration for 
a longer time. The mode of action of local 
anesthetics, on the other hand, is less obvi- 
ous. 


Staiman and colleagues!? demonstrated a 
potentiation of TTX by lidocaine on frog 
nerve in vitro. In our studies with intact 
isolated frog sciatic nerve trunks we, too, 
have observed that blocks obtained with a 
mixture of lidocaine and TTX were sig- 
nificantly greater than with either agent 
alone and also greater than the sums of the 
blocks produced by these agents separately. 
Our studies also showed that local anesthet- 
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ics enhanced the activity of TTX when in- 
jected around the sciatic nerve trunk in the 
rat and when administered epidurally in 
the cat and dog. 


Therefore, the enhancement of the block- 
ing activity of TTX in the presence of bar- 
riers such as the dura mater and the neural 
sheath suggests that, in addition to acting 
at different sites on the nerve membrane, as 
postulated by Staiman’s group, TTX and 
lipid-soluble anesthetic agents may interact 
at another site: the neural barrier. The en- 
hanced activity of the TTX may be due to 
an increase in permeability of the barrier 
to TTX brought about by the anesthetic 
agent. This would certainly explain the re- 
sults obtained in our studies, but further 
studies are required to ascertain whether lo- 
cal anesthetics do indeed facilitate the move- 
ment of TTX across such barriers at the 
dura mater and the neural sheath. 


The aim of the studies reported here was 
to examine the interaction of TTX and local 
anesthetics in various animal models and 
not to ascertain the potential clinical use- 
fulness of these mixtures. However, the re- 
sults do suggest the possibility that, with 
appropriate mixtures of TTX, a local anes- 
thetic, and, for certain types of block, a 
vasoconstrictor, reversible blocks of long 
duration may be obtained with no more risk 
to the patient than with current blocking 
agents. Such a formulation would be highly 
desirable in those types of regional block in 
which prolonged relief of pain is the pri- 
mary requisite. 
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DYSAUTONOMIA. Plasma norepinephrine concentzations and dopamine-beta-hydrox- 
ylase activity were measured in 10 normal patier-s and 10 patients with familial 
dysautonomia. After lying recumbent for 20 mimites plasma norepinephrine was 
similar in both groups. Normal subjects more than deubled their plasma norepinephrine 
after standing 5 minutes while dysautonomic patierts did not increase their plasma 
norepinephrine. In dysautonomic patients blood pressure supine was similar to normals 
but fell nearly 50% with standing. Heart rate increased in controls but not dysautonomic 
patients during standing or isometric exercise. Bloos pressure correlated with plasma 
catecholamine levels in dysautonomic but not normal patients. Dopamine-beta hydrox- 
ylase activity was reduced in dysautonomic patienss. These data suggest that the 
spontaneous low activity of the sympathetic nerves is adequate to maintain normal 
plasma norepinephrine levels in dysautonomic patieats. However, these patients do 
not release sufficient norepinephrine to provide circrlazory adaptation to standing or 
exercise. (Ziegler MG, Lake CR, Kopin IJ: Deficient sympathetic nervous response in 
familial dysautonomia. NEJM 294 :630-633, 1976) 
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A Dosage Nomogram for Sodium Nitroprusside-Induced 
Hypotension Under Anesthesia 
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Little Rock, Arkansas** 


Sodium nitroprusside (SNP) was used to pro- 
duce deliberate hypotension in 30 selected pa- 
tients, 9 to 78 years of age, for total hip re- 
placement under halothane-N:O-O* anesthesia. 
Hynotension was induced in the first 13 pa- 
tients by infusing a 0.01% (100 ug/ml) solu- 
tion of nitroprusside (NP) in 5% dextrose. 
Blood pressure was diminished to a level just 
producing a dry surgical field. Preliminary 
data demonstrated that the mean arterial blood 
pressure (MAP) achieving this condition was 
65 torr (p<0.01) and that the minute dosage of 
NP (ug/min) required to consistently reduce 
MAP to 65 torr could not be predicted on the 
basis of body weight. 

However, the age/weight ratio (yr/kg) of 
each patient, plotted against the known minute 
dosage of NP given during anesthesia, pro- 


S ODIUM NITROPRUSSIDE (SNP) is a potent, 
rapid-acting, antihypertensive drug 
which produces arteriolar vasodilation by 
direct action independent of the autonomic 
nervous system.! Its short duration of action 
necessitates a continuous infusion to main- 
tain a constant effect. These properties have 
made the drug useful in a variety of clinical 
situations.2-* In some centers, nitroprusside 
(NP) has been used to produce deliberate 
hypotension since 1962.5 Other recent re- 
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duced a highly significant dose-response curve 
(p<0.001, r = —0.8226). 

The preliminary dose-response curve was ex- 
amined in a double-blind study on an additional 
17 patients. The curve derived from the pros- 
pective study did not differ from that of the 
preliminary study. In addition, the combined 
data from the retrospective and prospective 
studies (30 patients) gave a better statistical 
fit than did those from the preliminary study 
alone (p<0.001, r = —0.8939). 

The nomogram provides an additional margin 
of safety in the use of this potent, fast-acting 
drug. SNP has been found predictable and 
effective in reducing surgical blood loss in 
selected patients undergoing total hip replace- 
ment. 


ports*? indicate that this agent produces 
controlled hypotension which, in contrast to 
other methods, enhances tissue perfusion 
while effectively reducing surgical blood 
loss. 


Our group has recently described a 
study!" in which cardiac output and other 
circulatory parameters were measured in 13 
patients undergoing total hip replacement, 
using halothane-N,O-O., anesthesia and 
SNP-induced hypotension. Patient ages 
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ranged from 9 to 78 years. Our results, con- 
firming those of others,*? indicated that NP 
produces a physiologically superior hypo- 
tensive state. Cardiac output rose toward 
normal during the hypotensive period. The 
increase was 20% above that of control pa- 
tients undergoing the same procedure but 
kept normotensive. Urine output was not 
compromised and no arterial or venous 
acidosis was noted. Surgical blood loss was 
significantly reduced as a result of arterial 
hypotension, with a MAP of 64 + 4 torr 
(+ SE) resulting in a dry surgical field. 


We noted, as have others,’ that the NP 
dosage required to produce comparable lev- 
els of hypotension in a group of patients was 
not predictable on the basis of body weight. 
A better relationship existed between age 
and dose, although this correlation was not 
statistically significant either. However, 
analysis of the data revealed a highly sig- 
nificant correlation between a patient’s age/ 
weight ratio (yrs/kg) and NP minute dos- 
age (ug/min) required to maintain levels 
of hypotension comparable to those attained 
in other patients. When the age/weight ratio 
for each patient in the earlier study was 
plotted against the minute dosage given, a 
highly significant (p«0.001, г = —0.8226) 
dose response resulted. This suggested that 
an appropriate dosage of NP could, in fact, 
be predicted (fig 1). 


METHODS 

Seventeen patients admitted for total hip 
replacement were studied. None of the sub- 
jects had evidence of cerebrovascular dis- 
ease, clinical or electrocardiographic evi- 
dence of ischemic heart disease, anemia, 
renal hypertension, serious peripheral vas- 
cular disease, or severe obstructive lung dis- 
ease. Advanced age was not considered a 
contraindication to deliberate hypotension 
during anesthesia. 


Premedication consisted of appropriate 
doses of morphine, diazepam, and scopola- 
mine, except in patients over 60, in whom 
morphine was omitted. Anesthesia was in- 
duced with 295 IV thiamylal and main- 
tained with halothane (0.5 to 0.7595) in 
М„О-О„ (50:50). Patients were intubated 
after an appropriate dose of succinylcholine. 
A radial arterial cannula was inserted be- 
fore the induction of anesthesia and the 
arterial blood pressure displayed continu- 
ously, along with the pulse rate and a lead 
II ECG, on a Tektronix? model 412 oscillo- 
scope. In addition, the urine output, central 
venous pressure, and tympanic temperature 
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Fic 1. Highly significant dose-response curve 
resulting from retrospective analysis of age/weight 
ratios (vr/kg) plotted against the minute dosage 
of NP needed to maintain comparable levels of 
hvpotension in earlier study.'^ 


were monitored. Arterial blood gases were 
sampled at 30-minute intervals throughout 
the procedure. A warming blanket was used 
to minimize heat loss. 


Five percent dextrose in lactated Ringer's 
solution was given at a rate of 12 to 15 
ml/kg during the 1st hour and at 6 to 10 
ml/kg/hr thereafter. Homologous blood was 
administered only when a surgical blood 
loss of more than 500 ml was anticipated. 


Continuous positive-pressure ventilation 
was not used as an aid in producing hypo- 
tension; instead, ventilation was assisted in 
order to maintain the Paco, between 37 and 
41 torr. Nondepolarizing muscle relaxants 
were omitted, to avoid their possible hemo- 
dynamic effects. Patients remained supine 
during operation, with slight elevation of 
the hip. Blood loss was estimated from the 
content of the suction bottles and by weigh- 
ing sponges. Irrigation fluid was collected 
in a separate suction system. 


Three concentrations of SNP, 0.01% (100 
pg/ml), 0.005% (50 pg/ml), or 0.0025% 
(25 ng/ml) in 5% dextrose, were used. One 
of these concentrations was assigned at ran- 
dom to consecutive patients, this variation 
being intended to prevent the study team 
from becoming familiar with the response 


576 


to only a single concentration. One anesthe- 
siologist was assigned the responsibility for 
the induction and maintenance of hypoten- 
sion in each case. 


The person administering the NP had no 
knowledge of the concentration used or of 
the age/weight ratio of the patient. How- 
ever, as a safety precaution, a starting vol- 
ume (ml/min) was assigned. This volume 
was determined by the study leader, who 
knew the drug concentration being deliv- 
ered, the age/weight ratio of the patient, 
and the NP dosage anticipated from the de- 
scribed dose-response curve. The study lead- 
er did not participate in the administration 
of the anesthetic or the NP after the initial 
order had been given. 


Hypotension was induced just before skin 
incision. The NP solution was given through 
a peripheral IV catheter at an infusion rate 
controlled by an infusion pump,* allowing 
accurate control of the delivered volumes. 
Starting at the assigned volume, the rate 
of infusion was adjusted empirically to low- 
er and maintain a mean arterial pressure 
(MAP) of + 65 torr. This pressure was 
chosen, on the basis of our preliminary 
study, as being safe and effective in reduc- 
ing surgical blood loss. 


The infusion was discontinued and the 
blood pressure allowed to return to normal 
before wound closure in order to permit 
hemostasis. The duration of hypotension 
was measured from the time the desired 
level of pressure had been reached until 
the infusion was stopped. The total dose of 
NP administered over that time period was 
also recorded. The average minute dosage 
(ug/min) required to maintain each pa- 
tients MAP at 65 torr was calculated. This 
dosage was plotted on semilog paper against 
age/weight ratios and compared to that pre- 
dicted from the preliminary dose-response 
curve. 


RESULTS 


In the 17 patients, 15 to 75 years of age, 
studied, the desired level of hypotension 
was attained and maintained without diffi- 
culty. The MAP during hypotension in the 
study group was 65 + 4 torr. Опсе the de- 
sired level of blood pressure was reached, 
only minor changes in the rate of infusion 
were required to maintain constant levels of 





*Harvard Apparatus Company, Millis, Massachu- 
setts. 
1Mean value refers to the arithmetic mean. 
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hypotension. As a result, the calculated 
average minute dose of NP (,g/min) dif- 
fered little from the actual minute-to-minute 
dose resulting from minor fluctuations in 
pressure. 


'The action of NP began within 60 to 90 
seconds after starting the infusion and the 
duration of action was short when the in- 
fusion was stopped. Blood pressure began 
to rise toward normal within 120 seconds 
after infusion ended. Blood pressure de- 
creased in proportion to the amount of NP 
infused; however, no correlation was found 
between the minute dosage of NP required 
to lower the blood pressure of a given pa- 
tient to comparable levels in a group of 
patients of similar weight. This finding con- 
firms the results noted in our earlier study 
(fig 2). 


An inverse relationship between patient 
age and minute dosage was again noted, but 
the correlation was not statistically signifi- 
cant (fig 3). When the required dose of NP 
was plotted against the age/weight ratio of 
each study patient, a highly significant re- 
lationship could be seen. 'The curve derived 
from this study did not differ significantly 
from that of the previous study. The com- 
bined data from the 30 patients in the 2 
studies (fig 4) gave a better statistical fit 
(p« 0.001, г = —0.8939) than that found in 
the preliminary study alone. 


The duration of deliberate hypotension 
for the 17 patients averaged 90 (+ 15) min- 
utes. Acid-base balance remained normal 
and no tendency toward acidosis was noted. 
Actual operating time averaged 110 + 15 
minutes. The average blood loss in the study 
patients was 450 ml (+ 100) compared 
with 1480 ml (+ 200) in 10 patients receiv- 
ing total hip replacement under normoten- 
sive anesthesia by the same surgical team. 


Transfusion was required in only 2 of 
the 30 study patients, each receiving 2 units. 
Both patients had had multiple operations 
on the involved hip, and the transfusion was 
required as a result of posthypotensive blood 
loss. In comparison, a total of 23 units of 
homologous blood was given to the 10 con- 
trol patients, who were kept normotensive. 
When no blood was given during or after 
operation, the hemoglobin count declined 
slowly until the 3rd postoperative day. The 
lowest postoperative hemoglobin noted in 
the study was 8.8 gm/100 ml in a Jehovah’s 
Witness patient. No adverse effects were 
seen as a result of SNP-induced hypoten- 
sion. 
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Fic 2. No correlation is seen between patient weight and minute dosage of NP needed for comparable 
levels of hypotension. Preliminary study'" data (solid circles) are compared with present study data 
(open circles). 
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Fic З. The minute dose of NP appears related inversely to the age of the patients but the relationship 
was not statistically significant. Preliminary study!’ data (solid circles are compared with present study 
data (open circles). 
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Fic 4. Age/weight ratios (yr/kg) produce a highly significant dose-response curve relating the minute 
doses of NP needed to produce comparable levels of hypotension in a given patient population. The com- 
bined data of the preliminary study?’ (solid circles) and the present study (open circles) produce a better 
statistical fit than does the original curve (fig 1). A concentrated solution (100 “g/ml) is used when pre- 


dicted dosage is above 100 “g/min. 


DISCUSSION 

The safety of NP has been ascribed"? 
not only to its improvement of tissue per- 
fusion during hypotension but also to the 
evanescence of its action. The speed of on- 
set and duration of action of NP is between 
60 to 120 seconds, necessitating a continu- 
ous infusion to maintain constant levels of 
hypotension. The magnitude of the blood 
pressure response is dose dependent, and 
pressure levels can be changed within sec- 
onds, if needed, by altering the infusion 
rate. In the past, this speed of action, cou- 
pled with an apparent variation of potency 
and dose in a given patient population of 
similar body weights, has constituted one 
of the main difficulties in NP administra- 
tion. 


Previously, NP dosage had to be adjusted 
empirically according to response, recom- 
mended dosage ranging from 0.5 to 30 
ug/kg/min.? Our experience with 30 patients 
has confirmed this wide range of doses based 
on weight. The dosage of NP required to 
produce comparable levels of hypotension 
within a group of patients of similar body 
weight is entirely unpredictable (fig 2). An 
inverse relationship between age and re- 


quired dose was more apparent, but this 
correlation was not statistically significant 
either (fig 3). However, when both age and 
weight were considered (age/weight ratios) , 
a highly significant dose-response relation- 
ship resulted (fig 4). 


A nomogram relating the age/weight ratio 
to infusion rate has proven to be of consider- 
able practical value in our hands. It has 
eliminated the time-consuming and often 
dangerous empirical search for the NP dose 
required to produce consistently safe levels 
of hypotension in a given patient. Thus, 
the nomogram represents an additional mar- 
gin of safety in the use of this potent and 
fast-acting drug. 


Taylor's group? and Davies and cowork- 
ers!! have noted that young patients require 
larger doses of NP than do adults to produce 
the same degree of hypotension. A review 
of the nomogram confirms that observation. 
The age/weight ratio of a normally devel- 
oping child from age 2 years until maturity 
remains relatively constant at between 0.3 
and 0.5. Ratios in this range on the curve 
would indicate that the required NP dosage 
under halothane anesthesia would be in the 
range of 200 to 300 „g/min throughout 
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childhood and adolescence. However, the 
relationship between age, weight, and dos- 
age remains constant over a wide range of 
ages. For example, a 38-year-old patient 
from the current study weighed 98 kg, for 
an age/weight .ratio of 0.35. He required 
275 „g/min of NP to produce and maintain 
a MAP of 65 torr. Likewise, a 9-year-old 
patient in the previous study, weighing 24 
kg (age/weight ratio = 0.38) required 230 
»g/min to produce a comparable level of 
hypotension. On a weight basis, the 9-vear- 
old received 9.6 „g/kg/min as compared to 
2.3 „g/kg/min for the 38-year-old. 


Doubts have been expressed about the 
safety of NP, particularly in children, !.?? 
because its immediate metabolic products 
are cyanide and thiocyanate. Vesey's group!? 
reported a significant rise in plasma cyanide 
following the infusion of NP for hypoten- 
sive anesthesia. They concluded, however, 
that those levels encountered did not pro- 
duce toxic effects. Recently, several anes- 
thetic deaths!*.!!.!5 have been reported in 
which NP was implicated, but most of these 
occurred under extraordinary circumstances 
in which the evidence against NP may be 
spurious. Only Davies and colleagues!2 
clearly documented a death due to NP over- 
dose. Johnson‘ described the therapeutic in- 
dex of NP to be around 10:1, but McDowell's 
group," working with primates, suggested 
that the ratio might be closer to 6:1. Also, 
the concentration of accumulated toxic by- 
products is related obviously not only to the 
total dose given but also to the time over 
which it is administered.17 Certainly, NP 
has been safely used for extended periods in 
treating hypertensive crises without a dan- 
gerous build-up of toxicity.? The fatality 
reported by Davies involved 120 „g/kg/min 
(4800 ug/min) of NP given over 80 minutes. 
This patient's age/weight ratio was 0.35 and 
he thus received 20 times the dose the nomo- 
gram would have predicted. Davies attrib- 
uted this large dose to tachyphylaxis, a 
phenomenon not observed in our series, 
even in the young. 


The question of tachyphylaxis requires 
comment. Autonomic nervous system re- 
sponses, especially sympathetic, during an- 
esthesia and operation, are a function of the 
depth of anesthesia, as well as of body tem- 
perature, hypoxia, respiration, and acid-base 
balance. In these circumstances, an increase 
in sympathetic vasoconstrictor activity or 
heart rate may result. To overcome this ac- 
tive sympathetic effect, an increasing infu- 
sion rate of NP will be needed to maintain 
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constant levels of hypotension against the 
efforts of the homeostatic system. 


In our experience, the so-called tachy- 
phylaxis :o the drug during anesthesia, re- 
quiring doses greater than that predicted, 
has served as a warning of unattended sym- 
pathetic ecmpensation secondary to physi- 
ologic alterations, rather than true tachy- 
phylaxis. Correction of a temperature defi- 
cit, inadequate anesthesia, hypoxia, or aci- 
dosis has always reduced the NP require- 
ment. The fatal case reported by Davies!? 
exhibited a marked but compensated meta- 
bolic acidosis (base deficit = —9) before the 
NP was administered. The possibility of a 
metabolic defect was not excluded. Equally, 
the other fatal reports in which NP has been 
implicated included severe physiologic alter- 
ations such as hypothermia!* (31° C body 
temperature), airway obstruction, hypox- 
іа,!? and/or acidosis. 


We have found SNP to be safe, effective, 
and pred:ctable in reducing blood pressure 
and surgical blood loss in selected patients 
undergoirg total hip replacement in the 
supine position. 'The effects of drugs or anes- 
thetic technics, other than those described, 
on the slope or position of the NP dose- 
response curve remain to be explored. 
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Guest Discussion 


ROBERT K. STOELTING, MD 
Department of Anesthesia 
Indiana University Medical School 
Indianapolis, Indiana 


Dr. Lawson and coworkers have demon- 
strated that the age/weight ratio correlates 
with the minute dose of sodium nitroprus- 
side ( SNP) necessary to reduce the blood 
pressure to about 65 torr. Accordingly, my 
discussion will deal with those characteris- 
tics that may influence SNP dose require- 
ments. 


Factors that should be considered in de- 
termining the dose of any drug include body 
weight, patient age and physical condition, 
route of drug administration, hepatic and 
renal function. Unique to the SNP dose 
requirements one should also consider the 
blood pressure prior to drug administration, 
the desired magnitude of blood pressure 
reduction, and the influence of any concom- 
itantly administered drugs, such as anes- 
thetics. 


Body weight (and body surface area) re- 
flect the volume of drug distribution, which 
may be different in thin versus obese or in 
dehydrated versus edematous patients. The 
relative volume of body fluid compartments 
may vary with age and be influenced by 
serum protein concentrations. Recently, 
Koltz and associates! reported that the 
elimination, or beta half-life, of diazepam 
increased in direct proportion to patient age, 
due to increased drug distribution volume. 


'The maintenance of a constant drug con- 
centration during steady-state infusion, as 
with SNP, is determined by the rate of bio- 
transformation as reflected by the drug half- 
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life and the volume of drug distribution in 
the body? The hypotensive effect of SNP is 
due to the nitroso portion of the free drug.? 
'The evanescent response reflects the drug's 
rapid breakdown to products lacking vaso- 
dilating ргорегііеѕ.! This breakdown occurs 
in 2 steps: First, there is a nonenzymatic 
reaction of the iron atom with sulfhydral 
groups (primarily in the erythrocytes) to 
form cyanide. Second, cyanide is converted 
to thiocyanate by the hepatic enzyme, rho- 
danase. 


Whether underlying hepatic disease or 
enzyme induction would influence the rate 
of SNP biotransformation is not established. 
Conceivably, altered rates of biotransforma- 
tion might result in different blood-pressure 
effects from the same minute dose of SNP, 
since more or less drug would remain in the 
active form. However, liver function is prob- 
ably unimportant in determining the SNP 
dose, since the initial drug breakdown is not 
enzyme dependent. Likewise, the initial 
nonenzymatic biotransformation would sug- 
gest that decreased drug delivery to the 
liver, secondary to anesthetic-produced re- 
ductions in hepatic blood flow, would not 
influence the SNP dose necessary to reduce 
blood pressure. 


Little is known about protein binding or 
tissue and blood solubility of SNP and how 
these factors might influence the distribu- 
tion volume of the drug. Even were these 
known, the adjustment of dosage on the 
basis of pharmacokinetic principles is only 
an approximation, with the final mainten- 
ance dose determined by patient response. 


I would like to ask Dr. Lawson the fol- 
lowing questions: 


1. Why did the age/weight ratio correlate 
with the minute dose of SNP when neither 
variable alone produced a similar correla- 
tion? 


2. How does one adjust the dosage nomo- 
gram at the extremes of body weight or fluid 
balance? 


3. Would the dosage nomogram be simi- 
lar in hypertensive versus normotensive pa- 
tients or with similar control blood pressures 
but different anesthetic maintenance drugs 
( halothane-N.O versus fentanyl-N.,O) ? 
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Addendum 


ANSWERS TO DR. STOELTING'S 
QUESTIONS: 


1. Why did the age/weight ratio corre- 
late with the minute dose of SNP 
when neither variable alone produced 
a similar correlation? 


Examination of the graphs relating dose 
to age or weight suggests that the minute 
dose of SNP required to produce compar- 
able levels of hypotension in a group of pa- 
tients is inversely related to age but directly 
proportional to weight. However, neither 
factor alone correlated sufficiently to be 
clinically useful in predicting dose-response. 
Age and weight appeared to have counter- 
acting effects in dose-response, each modi- 
fying the other, but to different degrees. We 
examined weight/age ratios, age/weight ra- 
tios, and body surface area in relation to 
the dose requirements. Weight/age ratios 
did not produce a mirror image of the age/ 
weight ratio response but was statistically 
significant (p<0.01). Age/weight ratios 
produced a more significant response 
(p« 0.001). Thus age, when used as the nu- 
merator in the ratio, appeared to be the 
more important factor in determining dose, 
although the relationship is inverse. Weight 
(mass) modifies the age dose-response by 
determining the volume to which the drug 
was distributed. Statistically, body surface 
area fared no better than weight alone in 
predicting dose-response. 


Clinically, age is perhaps an indirect as- 
sessment of metabolic rate (biotransforma- 
tion) which also varies inversely with age. 
Too, age might relate indirectly to changes 
of vessel compliance with age. I feel that 
the use of age and weight to determine the 
dose response of SNP is a useful clinical 
tool. One might produce a more accurate 
dose-response curve if it were clinically 
feasible to determine metabolic rate and 
body surface area in the everyday practice 
of anesthesia. 


2. How does one adjust the dosage nomo- 
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gram at the extremes of body weight 
or f uid balance? 


Our study was performed on carefully se- 
lected pacients who were otherwise healthy 
except for their hip disease. Criteria for hip 
replacement ruled out the selection of obese 
patients. We have administered SNP to sev- 
eral obese patients for other procedures. 
The mint te dose for these patients, in retro- 
spect, was predictable on the proposed nom- 
ogram when their weight, used in the age/ 
weight ratio, was corrected to their ideal 
weight according to life insurance tables. 
They toox less than predicted if their actual 
weight were used in determining dosage. 
Thus, adipose tissue remains a “slow space" 
for nitroorusside as well as other agents 
used in anesthesia. 


We hsve not had any experience with 
nitroprusside in patients at the extremes of 
fluid balznce. Patients, under these condi- 
tions, thus far, are not candidates for hypo- 
tensive anesthesia. 


3. Would the dosage nomogram be simi- 
lar in hypertensive versus normoten- 
sive patients or with similar control 
bloed pressure but different anesthetic 
ma ntenance drugs (halothane-N.,O 
versus fentanyl-N,O)? 


Patients with renal hypertension are not 
candidates for deliberate hypotension dur- 
ing апеѕ-Һеѕіа but nitroprusside may be 
used to control hypertension during surgery 
on these patients. We have administered 
nitroprusside to 7 patients with controlled 
essential hypertension for hypotensive anes- 
thesia exclusive of the present report. The 
dose-response fell within the statistical 
range predicted by our nomogram. However, 
there have not been enough patients of this 
type to determine if their dose-response 
curve mizht be shifted from the norm for 
their particular condition. Schlant and co- 
workers! noted in 1962 that patients with 
hypertension appeared more sensitive to the 
effects of nitroprusside. However, we have 
since recognized that uncontrolled hyper- 
tensive patients also have a reduced plasma 
volume. Volume depletion might accentuate 
the effects of vasodilatation rather than be 
representative of a true hypersensitivity to 
SNP. We have not explored the effects of 
other anesthetic agents on the slope or posi- 
tion of the SNP dose response curve. 
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"An' Ho, Ho, Baby, Take a Whiff on Ме.” La Dama Blanca 
Cocaine in Current Perspective 


GEORGE R. GAY, MD, AACT, FAAFP* 
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RICHARD TOBIN RAPPOLT, SR., MD, ABMT# 
GEORGE F. GUSHUE, JR., DOS 
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А < drug of antiquity,' cocaine, the 
active alkaloid of the shrub erythroxy- 
lon coca, is perhaps the most exquisitely 
euphorogenic as well as the most monumen- 
tally illegal drug of all time.? In the drug- 
using counterculture, a remarkable upsurge 
in popular illicit use of cocaine was wit- 
nessed in mid-1970, reaching a plateau by 
mid-1972. |? It is our purpose to offer a prac- 
tical clinical review of the treatment of 
acute and chronic cocaine overdose (OD), 
along with some of the rich background his- 
tory of this drug. 


“The Dreadful Andes plac'd twixt Win- 
Ler's Store of the Winds, Rains, Snow, and 
that more humble Earth, That gives the 
small, but valiant, Coca birth.” 

Abraham Cowley (1721)! 


The coca leaf was believed to be a gift 
to the Inca people from Manco Ccapac, son 
of the Sun God, bestowed as a token of es- 
teem and sympathy for their suffering labor. 
The leaves were initially to achieve a rather 
narrow usage among the religious and politi- 
cal aristocracies of the Inca society; a much 
broader and perhaps more sinister pattern 
was noted following the destruction of the 





Greater than 50% of a recent random sample of 
clients at the Haight-Asbury Free Medical Clinics 
reported use of the agent “at least once during the 
past 2 months.” 


Incan civilization in the 16th century by 
Francisco Pizzaro and the invading conquis- 
tadores, as the lower classes and slaves were 
"paid off" in coca leaves as an effective 
method of increasing and and prolonging 
low-cost, high-output labor. In practice, coca 
leaves, bound into a ball (or cocada) with 
guano or cornstarch, were chewed with lime 
(as alkaline ash) to release the active alka- 
loid. 


Thus coca served as a stimulating tonic 
to those working in the thin air of the Andes. 
Further, anthropologic documentation indi- 
cates that the highly sophisticated surgical 
procedure of trephination was repeatedly 
successful in this era, as the operating sur- 
geon allowed coca-drenched saliva to drip 
from his mouth onto the surgical wound, 
thus providing adequate (and very real) 
local anesthesia, and permitting the opera- 
tion to proceed in relative quiet. * 


Little was heard of coca as a medical en- 
tity until 1859, when the Italian physician, 
Paolo Mantegazza, declared coca leaves to 
be a “new and exciting weapon against dis- 
ease;" his narrative, however, cannot be 
regarded as objective scientific observation, 
as he wrote: 





*Such surgically incised skulls, along with pottery 
shards depicting faces with cheeks stuffed with 
coca leaves, have been dated back some 1200 years. 
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"Borne on the wings of two Coca leaves, 
I flew about in the spaces of 77,438 worlds, 
one more splendid than another. . . . It 
seemed to me that I was separated from the 
whole world, and I beheld the strangest 
images most beautiful in color and in form 
than can be imagined." 


In England, meanwhile, coca leaves were 
being viewed as a pharmacologic curiosity, 
while American physicians echoed Mante- 
gazza, heralding the drug as a cure-all for 
almost every recognized malady, including 
alcoholism, tuberculosis, opiate addiction, 
and heart failure. 


Alfred Neimann isolated the coca alka- 
loid in 1860 and named it “cocaine.” By 
1865, preparations of coca leaves and wine 
were introduced onto the open market, the 
classic example being “Vin Mariani" A 
true advertising genius, Angelo Mariani ге- 
ceived public testimonials to his tonic from 
such dignitaries as Queen Victoria, Pope 
Leo XIII, Sarah Bernhardt, and Thomas 
Edison( Mariani's company published these 
in a series of 12 volumes), and he may have 
come closer to “turning on the world" than 
any man in history. 


The coca boom was soon to follow in 
Europe, when in 1884, a cocaine “kit” from 
Eli Merck was delivered to Dr. Sigmund 
Freud in Vienna. Ever the visionary experi- 
menter, Freud was shortly using coca in the 
treatment of various medical and psycho- 
logic disorders. Between 1884 and 1887, he 
wrote five papers (“Uber Coca") extolling 
coca as a wonder drug, but his “соса eupho- 
ria" subsided abruptly and he subsequently 
deleted these laudatory writings from the 
collected papers of his autobiography. 


Simultaneous with Freud's enthusiastic 
pronouncements, his own colleague. Dr. 
Karl Koller, delivered a formal paper before 
a prestigious group of ophthalmologists on 
the potent local anesthetic effects of cocaine 
upon the corneal nerve endings, and was 
subsequently praised by Freud as the “true 
discoverer" of anesthesia. 


The introduction of cocaine as a local an- 
esthetic created enormous new opportunities 
for surgical anesthesia, and Dr. William 
Halsted, of Johns Hopkins in Baltimore, 
performed the first *nerve blocks" in 1885.^ 
(By 1886, Halsted was to write no further 
about cocaine as he battled his own 2 gm/ 
day habit.) Coca Cola?, the first of the 
popular proprietary cocaine-containing "soft 
drinks," was introduced by Asa G. Candler 
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in 1888, «nd in the ensuing years countless 
cocainized over-the-counter nostrums flour- 
ished. hr the surgical amphitheater circa 
1899, coeaine had been employed as a suc- 
cessful ‘spinal anesthetic" by Drs. Tait and 
Cagliari ef San Francisco апа Dr. Rudolph 
Matas of New Orleans. 


In 1995, the Pure Food and Drug Act 
was passed, legislating the mandatory label- 
ling of =] proprietary medications. This 
marked the end of the cocaine-Coca-Cola 
alliance, but it was not until the Harrison 
Tax Act of 1914 that cocaine was legally 
(although pharmacologically inaccurately) 
defined as a “narcotic;” and, with all sem- 
blance cf quality control removed, its use 
disappeared underground. 


Except for a small (and diminishing) 
recognized use of cocaine in strictly medical 
settings, t has existed since that time as a 
black-mzrket commodity. Over the ensuing 
62 years its presence has been noted among 
suppressed inner-city populations, various 
enclaves of American music culture, the 
affluent, and the artistic “bohemian” cul- 
ture. 


Take 1 Whiff on Me 


Blacker de berry, de sweeter de juice, 

Takes a brown-skin woman for my par- 
tickler vse 

An’ h» ho, baby, take a whiff on me. 

Chew апу ‘baccer, spit my juice, 

Gonne love my baby, ’till it ain't no use 

An’ he ho, baby, take a whiff on me. 

Whiff.."ee an’ a whiffarye, 

Gonne keep on a-whiffin’ until I die, 

An' he. ho, baby, take a whiff on me. 

Cocaia? for horses an’ not for men, 

Doctors say it'll kill you but they don't 
say when 

An’ he ho, baby, take a whiff on me. 

Leadbelly (1933) 


An avra of mystic romanticism has en- 
shroudee cocaine throughout its history. 
Robert Louis Stevenson is said to have com- 
posed the 1st draft of “Dr. Jekyll and Mr. 
Hyde” ia 3 days while undergoing treatment 
of tuberculosis with cocaine. Arthur Conan 
Doyle, fe literary genius who created the 
sleuth vho was to become the epitome of 
cold, crystalline logic, opened his novel, 
The Siga of Four: 


"Sher«ck Holmes took his bottle from 
the corns> of the mantelpiece, and his hypo- 
dermic syringe from its neat morocco case. 
. . . ‘It is cocaine,’ he said, ‘a seven-percent 
solution. Would you care to try it? ” 
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Presently the coca leaf is cultivated le- 
gally in only 2 countries, Peru and Bolivia, 
where is produced the majority of the 
world's supply. After each harvest in March, 
June, and November, a complex exportation 
process ensues, the product being smuggled 
across various borders either in leaf form or 
as a raw paste extracted by kerosene, with 
varying degrees of sophisticated refining 
carried out en route.* From coastal debarka- 
tion ports, cocaine eventually finds its way 
to a broad world market, with North Ameri- 
ca and Europe serving as its major consum- 
ers. 


In recognized street jargon, the feminine 
gender ( “Her,” “Lady,” “Та Dama Blanca," 
"Girl") is used synonymously for cocaine; 
other popular nicknames (“Happy Trails,” 
“Nose Candy,” “The Star Spangled Pow- 
der, “Snow,” “Flake,” “Heaven Leaf,” 
“The Rich Man's Drug," “The Pimp’s 
Drug”) describe aspects of the agent’s ap- 
pearance and hint at some of cocaine’s fas- 
cinating sociologic facets. 


The Chemistry and Pharmacology of 
Cccaine.—Chemically, cocaine is benzoyl- 
methylecgonine with the empiric formula 
Cız H5, МО. 


COCAINE 


CH, —CH — CHCOOCH 


NCH, CHOOCC,H; 


3 


сн) CH CH? 


C67.31%, H6.98%, N4.62%, 021.1% 





Cocaine, the only naturally occurring lo- 
cal anesthetic, is an ester of benzoic acid 
and the nitrogen-containing base, ecgonine. 
On hydrolysis, it yields benzoic acid, methyl 
alcohol, and the tropine derivative, ecgo- 
nine.® It exists as a fairly stable, white crys- 
talline compound; its hydrochloride salt dis- 
solves in 14 its own weight in water. 


Pharmacologically, cocaine exhibits a dis- 
tinct duality of action: it is a local anes- 
thetic of high efficacy (and also high tox- 
icity), and a potent systemic CNS stimula- 
tor. This latter effect is noted from above 





*One hundred kg of coca leaves yields approximately 
1 kg of refined cocaine. 
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downward, the first recognizable effects be- 
ing cortical. 


As for the autonomic nervous system, co- 
caine potentiates adrenergic receptor site 
organs and slows the uptake of both endog- 
enous and exogenous catecholamines. Co- 
caine markedly contributes to systemic heat 
production and retention through a greatly 
increased somatic activity despite concur- 
rent vasoconstriction. In legitimate medical 
use, cocaine continues to enjoy a popularity 
as the topical anesthetic nonpareil, although 
its high toxicity, “Баа press," and DEA red- 
tape have led many physicians to turn to 
the less efficacious but much more readily 
available alternative of lidocaine. 


"Lady of the Street.’’—In the current 
drug subculture, cocaine remains the “сһат- 
pagne of drugs.” The experienced ‘‘coke- 
head” considers himself to represent the 
aristocracy of drug-users. Enormously in- 
flated on the illicit market, an ounce of 
“coke” may be purchased for from $500 to 
over $1500, $50 to $100 a gram, or $10 a 
“line” or “snort” of up to 200 mg of “mate- 
rial.” (Ask, but don’t buy from, any cab 
driver in Mexico City.) All of this for what 
may have been ‘‘stepped-on” by various in- 
termediary entrepreneurs, and may repre- 
sent 25 to 80% quinine (for a better taste), 
lidocaine crystals (for the "freeze"), plus a 
little amphetamine (for the “rush”). Pure 
wholesale cocaine sells to medical institu- 
tions, on the other hand, for about $20 an 
ounce. 


As coke has entered the drug-using con- 
sciousness of white middle-America, the 
earlier historical pattern of IV injection has 
now been largely supplanted (in a right- 
eously needle-fearing society) by the inhala- 
tion route, in which a “line” of coke is 
“horned,” *snarfed," or “snorted,” often 
through a Federal Reserve note of high de- 
nomination (to denote affluence) or through 
a red, white, and blue sipping straw. 


A complication from this method of ad- 
ministration is septal perforation, due to 
intense and repeated vasoconstriction. Snort- 
ers are also prone to infection of the nasal 
mucosa and upper respiratory tract, due to 
chronic local irritation. This may further 
lead to several days to a week of sneezing 
and (pseudo) coryza-like symptoms follow- 
ing an evening with “La Dama Blanca.” In 
addition, reactive hyperemia following a 
coke-spree leads to boggy mucosa and a 
chronic stuffy nose (Afrin® is a favorite re- 
lief). Thus the coke-head’s dyad is seen, of 
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(a) the paraphernalia (silver spoon or straw 
on a necklace, or a snuffbox) and (b) the 
ever-present nasal spray. The cocaine user 
is truly protected by the limitations of his 
own pocketbook and of his nasal mucosa. 


Cocaine must be recognized as the ulti- 
mate euphorogenic (and in high doses, hal- 
lucinatory) drug available on the street to- 
day. Its preference by the drug connoisseur 
is undisputed. Cocaine tends to enlarge and 
glorify the entire world of the user. It also 
further continues to enjoy the reputation as 
the "primo" enhancer of sexual activity. 
Coke is used in sexual situations, not only 
via the inhalation and IV routes but also by 
being rubbed directly onto the genitalia, 
thereby producing partial anesthetization 
and a tingling sensation.’ In the physically/ 
pharmacologically exhaused individual, how- 
ever, cocaine may have definite inhibitory 
effects on sexual performance, particularly 
in regard to male potency. 


Caveat emptor! A practical street method 
of bioassay of coke is to (1) fill a dark glass 
receptacle with Clorox" (sodium hypochlo- 
rite) and (2) drop a pinch of the alleged 
substance (*neat," ie, uncut) into the mid- 
dle of the Clorox pool. If the buyer has not 
been "burned" by a bogus product, he will 
note the initial white color turning to a 
greenish blue halo with the pinch plummet- 
ing to the bottom. (Many other chromo- 
phores will give a similar reaction.) The 
classic street test remains the “straight 
snort;" if the front incisors and canine teeth 
are numb after a “test line,” it is presump- 
tive positive evidence of “The Real Thing."? 


Cocaine Overdose and Treatment.—Even 
with small doses of cocaine, an increase in 
blood pressure and pulse rate is initially 
seen." If OD occurs, the victim may first 
report mental depression, dry throat, and 
dizziness. He/she may express a sudden 
overwhelming desire to defecate or mic- 
turate, in a spasm of smooth-muscle tonus. 
Sweating, confusion, and vomiting are noted 
as the central sympathetic onslaught con- 
tinues. 


An unhappy effect of a few milligrams too 
many is a paradoxic respiratory depression 
following an initial increase in rate and 
depth. A rapid, shallow pattern may ensue, 
Cheyne-Stokes may appear, and death may 
occur due to central respiratory collapse. 
Further, intense vasoconstriction combined 
with hypermetabolism may lead to hyper- 
pyrexia; hyperreflexia, CNS anoxia, and 
tonic-clonic convulsions may supervene. A 
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CNS “Heed” may occur. Ventricular fibril- 
lation œ direct cardiac standstill, even with 
doses a. low as 30 mg, has been reported. 
Individeal variability, and possible anaphy- 
lactoid ersitivity to cocaine, further narrow 
the discernable safety margins. 


The :ќапаага fatal dose of coke is con- 
sidered = be 1.2 gm (in а 70-kg man), with 
the LD&, being 500 mg. This may prove 
mislead mg, as these figures were derived 
from огай dosage; it must be recalled that 
cocaine в rapidly hydrolyzed in the stom- 
ach and thus largely inactivated. It has been 
estimated that the liver can detoxify 1 mini- 
mal letkal dose of coke per hour. An extra- 
polatior from the larger doses given above 
would t-anslate to 10 gm/day, if taken in 
incremestal doses! (Neither true physical 
dependerce nor tolerance — either to its 
pleasureble or toxic effects—occurs, and for- 
tunately for the casual user, the 10 gm/day 
figure translates in street economy to a stag- 
gering 5500 to $1000.) 


Proloaged or chronic use of cocaine may 
lead to 3n irrational affect not unlike para- 
noid scEizophrenia. Plagued with the dark 
shadows о? increasing nervousness, inability 
to concer trate, and disturbed sleep patterns, 
the chrcmie user is increasingly prone to vio- 
lence? Due to these paranoia-producing 
qualities. and coupled with the very real 
heavy leeal sanctions involved in the posses- 
sion/use of cocaine, the user will seldom be 
seen in your office or in emergency rooms 
of tradimonal medical facilities. More often, 
in an attempt to “come down,” he will self- 
medicat= with a combination of alcohol, bar- 
biturate.. “‘Soapers,” heroin, and/or other 
sedative hypnotics (which further muddies 
the water, when— and if— you are called to 
treat hix). If, however, panic or the true 
acute cris of cardiac or respiratory collapse 
following cocaine use brings such an indi- 
vidual t5 vour door—in all cases, acute or 
chronic— the treatment is symptomatic, and 
should rsmain flexible and dynamic. 


In cæ=s of acute toxicity, death most 
often occurs within 2 to 3 minutes, but may 
occur ир to 30 minutes following ingestion/ 
injectior. If the acute OD victim survives 
the first 2 hours, his chances of recovery are 
almost eertain. 


Remember the biphasic nature of the 
"caine seaction," with initial sympathetic 
stimulat on, followed by abrupt generalized 
CNS de»ression (at all levels). It thus fol- 
lows tha- he who would administer first aid 
must first determine just which phase of 
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A CHRONOLOGY OF COCAINE 


Pre-Incan period. Coca leaves found in graves in the Central Amazon. 
Inca Empire. Coca declared gift of Sun God; a divine plant. 


Tombs, Andes region, containing trephined skulls. Juice from coca leaves 
believed used for local anesthesia. 


Francisco Pizarro and followers “paid off" workers in coca leaves, hastening 
destruction of Incan civilization. 


Increase in coca leaf chewing by lower classes of Andean Indians reported 
by Nicholas Monardes. 


Monardes brings coca leaves to Europe. 

Dr. Alexander Wood of Edinburgh invented the hypodermic syringe. 
Charles-Gabriel Pravaz, of Lyon, France, added an improved needle to the 
syringe. 

Gaedicke, of Germany, isolated an alkaloid of the leaves of the coca plant, 
naming it “erythroxylon.” 

Dr. Paolo Mantegazza, of Italy, declared coca leaves a great new weapon 
against disease. 


Alfred Niemann purified the coca alkaloid and named it “cocaine,” also 
noting its numbing effect on the tongue. 


“Vin Mariani,” a preparation of wine and coca leaves, introduced to open 
market. 


Alexander Bennett demonstrated the anesthetic properties of cocaine. 


Vasili Konstantinovich von Anrep thoroughly studied the pharmacologic 
properties of cocaine, partly by injecting the skin of his own arm. He 
suggested the use of cocaine as an anesthetic agent. 


Karl Koller (an associate of Freud), at Vienna General Hospital, introduced 
cocaine into medical practice as a local anesthetic for eye operations. 


“Ueber Coca:” Sigmund Freud wrote 5 enthusiastic papers extolling the 
virtues of coca and cocaine. 


“The Great Cocaine Explosion:” Cocaine a fad overnight. Merck and Com- 
pany and Parke-Davis and Company entered commercial field. 


Dr. William Halsted, of Johns Hopkins, injected cocaine into nerve trunks, 
obtaining "nerve block" or “conduction” anesthesia. 


Dr. James Leonard Corning, of New York, suggested use of cocaine for 
spinal anesthesia. 


Asa G. Candler introduced Coca-Cola as a “tonic for elderly people who were 
easily tired.” First (and most successful) or proprietary cocaine-containing 
“colas.” The soda fountain becomes a part of Americana. 


Dr. George W. Crile, of Cleveland, used direct infiltration of nerve trunks 
with cocaine for amputation. Dr. Harvey Cushing, of Johns Hopkins, per- 
formed a herniorrhaphy using a similar technic. 


August Bier, of Griefswald, Germany, obtained true spinal anesthesia— 
injecting animals, an assistant, and himself with cocaine (a paraplegic 
circus). 


Drs. Tait and Cagliari, of San Francisco, and Dr. Rudolph Matas, of New 
Orleans, used cocaine for spinal anesthesia in surgical procedures. 


Richard Willstatter synthesized cocaine. 


Survey by Crothers showed only 3 to 8% of the cocaine sold in New York, 
Boston, and other metropolitan areas went into the practice of medicine 
or dentistry. 


Pure Food and Drug Act: Required accurate labelling on all over-the- 
counter preparations. 


Harrison (*Narcoties") Tax Act: Persons authorized to handle or manu- 
facture drugs required to register, pay a fee, and keep a record of all 
“narcotics” (including cocaine) in their possession. 


Cocaine underground. Used by “bohemians,” “go-go girls,” “gypsies” (chorus 
boys and girls), "jazz," "beat," “country and western," and "rock" music 
cultures. Also, highly esteemed in prisons and depressed ghettos for its 
euphoric properties. 

Reemergence in white “middle-America” of cocaine as illicit drug of 
preference. 


Cocaine named by “Rolling Stone" magazine as “Drug of the Year... 
Again!" 
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the cycle he is witnessing. The present au- 
thors have noted in a series of over 50 cases 
the beneficial response to use of the beta 
blocker, propranolol, in reversing the imme- 
diate sympathomimetic effects of cocaine.* 
In the presence of frank convulsions, incre- 
mental doses of the ultrashort-acting bar- 
biturates (thiopental), given IV in doses of 
25 to 50 mg, have proven beneficial (but 
always beware of potentiating CNS anoxia; 
don’t “dose a dose"). 


In the presence of the chronic user who is 
restless, sleepless, and paranoid, the ben- 
zodiazepines (almost never the phenothia- 
zines) in 1.5 normal dosage, either PO, IM, 
or IV, have proven of great efficacy. In 
every case, consider the patient as one 
large, raw nerve endplate. Approach with 
the science of “ART” (Acceptance; Rest 
and Reassurance; Talkdown Technic) . 


Keep cool; keep the patient cool (ice for 
hyperpyrexia is good). If you can convince 


*Propranolol is given in l-mg increments IV at 
1-minute intervals, up to 8 mg total. Heart rate 
and general metabolic status will return to normal 
limits within 1 to 3 minutes. The centrally acting 
emetic effect of cocaine will not be obtunded, how- 
ever. 
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this patient that you are a physician and 
not a policeman, then the both of you may 
survive. 
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Case History Number 91: 
Sustained High Inspired Po, Without Toxic Sequelae 


PHILIP S. GIBBS, MD* 
S. S. MOORTHY, MD} 
ALVIN М. LoSASSO, MD: 


Indianapolis, Indiana§ 


р disorders such as infection, 
atelectasis, barotrauma, and pulmonary 
О, toxicity may occur during treatment of 
patients with respiratory failure. The de- 
velopment of O. toxicity, a well-documented 
hazard,! depends on the duration and dosage 
of O, administration? and a high Ро? 
However, when O, is needed, it must be 
given. 


We describe a case of a child with respir- 
atory failure who was exposed to high in- 
spired partial pressures of O, for nearly 3 
weeks without developing overt O, toxicity. 


CASE REPORT 
A 2-year-old girl was admitted with acute 
respiratory failure after aspirating a liquid 
hydrocarbon (paint thinner). Soon after 
the aspiration, the patient was given first 
aid at her home and transported to the hos- 
pital with mouth-to-mouth resuscitation. 
She was oxygenated and intubated upon 

arrival in the emergency room. 


The admittance examination revealed an 
obtunded, cyanotic, well-developed child in 
respiratory distress. Her rectal temperature 
was 37.8? C, pulse rate was 160/min, and 
respiratory rate was 60/minute. Ascultation 
of the lungs revealed bilateral coarse rales. 
Other systems were normal. A chest x-ray 
at this time demonstrated bilateral alveolar 
infiltrates (fig 1). 


* Assistant Professor. 
7 Assistant Professor. 


tAssociate Professor. 





Fic 1. Chest x-ray showing bilateral alveolar in- 
filtrates. Pneumothoraces were relieved by chest 
tubes. 


The patient had a convulsive episode, dur- 
ing which she was accidentally extubated. 
She was subsequently maintained on 80 to 
90% inspired O. for 2 days by mask, when 
she showed further deterioration. She was 


$Department of Anesthesiology, Indiana University School of Medicine, Indianapolis, Indiana 46202. 


This feature was conducted by Robert К. Stoelting, MD, Associate Editor, Professor, Department of Anes- 
thesiology, Indiana University School of Medicine, Indianapolis, Indiana 46202. 
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is followed by proliferation of cuboidal gran- 
ular pneumatocytes (type II) to regenérate 
the epithelial lining." As a result of these 
studies, the hypothesis that factors supplied 
by the blood are necessary for O. to become 
toxic has been proposed.? The mechanisms 
involved in this complex process remain to 
be identified conclusively. 


Several human experiments have con- 
firmed that 50% О. can be inhaled by 
normal subjects for extended periods with- 
out clinical evidence of pulmonary irrita- 
tion.‘ There is increasing evidence that 
critically ill patients cannot be compared 
with normal subjects to predict the develop- 
ment of pulmonary O, injuries, but no con- 
clusive evidence is currently available that 
those with preexisting pulmonary disease 
are more sensitive to the toxic effects than 
are normal volunteers.^ Although some in- 
vestigators feel that wide alveolar-arterial 
O. tension differences, as observed in this 
paper, somehow protect against pulmonary 
O, damage, this observation has not been 
substantiated in animals given normobaric 
O, levels." 


The treatment of significant hypoxemia, 
as indicated by the authors, is essential and 
should supersede but not eliminate our con- 
cerns about the effects of hyperoxia. Pro- 
longed respiratory insufficiency is a situa- 
tion where O, toxicity becomes an increas- 
ing problem. Technics aimed at reducing the 
shunt fraction, such as carefully selected 
and monitored ventilatory patterns and the 
addition of positive end-expiratory pressure 
( PEEP), may reduce significantly the am- 
bient O. requirement and/or the duration 
of exposure. In conditions where there is 
evidence of air-block, PEEP must be used 
with caution, since it can aggravate emphy- 
sematous changes and increase CO. reten- 
tion. 


'The possible predisposing effect of inter- 
mittent positive-pressure ventilation (IPPV) 
on pulmonary O, toxicity remains controver- 
sial. Animal studies suggest that mechani- 
cal overventilation leads to a loss of pul- 
monary surfactant, with augmentaticn of 
terminal atelectasis, but IPPV with normal 
tidal volumes does not impair pulmonary 
function.? Such studies, if applicable to the 
human, reinforce the need for precision in 
ventilator care. 


The remark in the present report that 
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"there s по radiographic evidence of per- 
manent damage to the lungs" should not be 
misinte-preted to indicate that no impair- 
ment exists. Major abnormalities in vital 
capacity and other measures of pulmonary 
function may be present for weeks despite 
a “normal” Pao. and chest film.!" If these 
patients have another pulmonary insult, 
such ag pneumonia or bronchitis, before full 
recovery, they experience what seems to 
those unaware of the persistent underlying 
disease to be a disproportionate increase in 
О. and pulmonary-support requirements. 


This clinical report corroborates the con- 
tention that maintaining Pao, at levels 
which provide for the aerobic metabolism of 
vital o-gans does not invariably result in 
serious pulmonary O. damage, even though 
high inspired O. concentrations are re- 
quired. This may reflect the effects of some 
as yet ооогіу understood protective factors. 
In any event early recognition and rapid 
correct on of complications, meticulous ven- 
tilator management, and appropriate respir- 
atory p hysiotherapy are mandatory in order 
to achieve such a successful outcome. 
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Prevention of Hypothermia 
During Cystoscopy in Neonates 


MICHAEL B. MEYERS, MD* 
ТАЕ H. OH, MD} 


New Haven, Connecticut: 


Dose of intraoperative temperature 
control in the neonate are well docu- 
mented. Use of warming blankets, overhead 
warming lights, humidified warm gases, 
heated IV fluids, and warm fluid-filled gloves 
have facilitated better temperature control. 
However, such modalities are not always 
adequate.! The following report presents an 
additional method of temperature control 
during neonate cystoscopy, during which 
irrigation of the bladder may result in 
hazardous hypothermia. 


REPORT OF A CASE 

A 10-week-old, 2.8 kg Caucasian infant 
was admitted with anemia and E. coli sepsis 
secondary to obstructive uropathy. As diag- 
nostic workup revealed posterior urethral 
valves, he was scheduled for cystoscopy and 
fulguration. Preoperatively, the patient was 
given 0.1 mg of atropine IV and brought to 
the cystoscopy suite. Following an unevent- 
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ful awake tracheal intubation, halothane, 
N.O, and O, were administered with a non- 
rebreathing system. Despite the use of a 
warming blanket, overhead warming lights, 
and warm humidified gases, tympanic mem- 
brane temperature showed a precipitous fall 
at the beginning of cystoscopy, using con- 
tinuous bladder irrigation with sterile, 
23.5° C, water. At a temperature of below 
35° C, the procedure was abandoned and he 
was returned to the recovery room, with a 
temperature of 34.5? C. 


Seven days later, the infant was again 
taken to the cystoscopy suite for cystoscopy 
and perineal urethroplasty. After awake tra- 
cheal intubation, anesthesia was induced 
with halothane-N.O-O, via a nonrebreath- 
ing system. Temperature was controlled 
with radiant heat lights and a warming 
blanket and mattress, but the lithotomy po- 
sition made possible only minimal contact 
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e PaOg, mm Hg; о PEEP, cm НО 
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DAYS 


Fic 2. Course of ventilation and 9. exchange. 


reintubated and put on CPAP with 10 cm 
H,O pressure and then on controlled ven- 
tilation on the Engstróm ventilator with 
PEEP. Subsequently, the ventilatcr was 
changed to a MA-I to provide an assist- 
control mode of ventilation. 


The patient developed a right preumo- 
thorax on the 4th day after admissien and 
on the left side on the 5th day, bo:h of 
which were treated by insertion of chest 
tubes with underwater seal and negative 
pressure suction. A tracheostomy was per- 
formed on the 8th day because of ne im- 
provement in her clinical status. Sbe con- 
tinued to require mechanical ventilatory 
assistance with high levels of inspired Oy. 


Very high peak inspiratory pressures, ap- 
proaching 100 cm Н.О were necessary to 
achieve adequate ventilation. To achieve 
these pressures, we had to change the type 
of volume ventilator from the MA-I te the 
Engstróm, and finally to the Emerson due 
to the mechanical limitations of tne two 
former ventilators. 


The patient began to show improvement 
in oxygenation from the 20th day after ad- 
mission, at which time she required an Fro, 
of 0.55 to give a Рао, of 76 torr ‘fig 2). 
Later, her course was one of progressive im- 
provement. She was finally weaned from 
ventilatory assistance and supplemental O», 
and was discharged from the hospital 50 
days after admission. 


DISCUSSION 
This case illustrates both the difficulties 
in the management of a child with respira- 
эту failure and an absence of significant 
~ersible manifestations of O, toxicity 
з high inspired Pro,, needed to main- 


tain am acceptable Pao», although the high 
ventilawry pressures required produced 
barotrauma. 


In oar patient, radiologic delineation of 
рштогагу O, toxicity was difficult because 
of the underlying primary disease process. 
If there were changes, these did not persist 
when tne patient improved. It has been re- 
ported zhat some patients in respiratory fail- 
ure are more resistant to pulmonary O, tox- 
icity then normal volunteers. 


Prolenged exposure to high Pro. of both 
adult and pediatric patients with respiratory 
failure without developing toxicity, has 





Еш 3 Chest x-ray taken after discharge from the 
hospita shows marked clearing. 
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been reported.^ Why some individuals de- 
velop such toxicity while others do not is 
difficult to explain. High levels of such en- 
zymes as superoxide dismutase may give 
protection. 


Patients with respiratory failure should 
be closely monitored, and all effective meth- 
ods should be used to reduce Pio. while 
maintaining an optimal Pao. However, a 
calculated risk must sometimes, as in our 
case, be taken. After subsequent complete 
clearance of the disease process, there was 
no noticeable radiologic evidence of per- 
manent damage to the lungs (fig 3). 
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Comment 
ROBERT K. STOELTING, MD 


Pulmonary O, toxicity is a function of the inspired O. partial pressure and the 
duration of administration. The use of PEEP may permit the physician to achieve 
acceptable arterial oxygenation with inspired О. concentrations unlikely to intro- 
duce the hazard of pulmonary O, toxicity. Nevertheless, occasional patients, like 
the one described in this report, still require high O, partial pressures to prevent 
the permanent organ damage resulting from arterial hypoxemia. 


It is fortunate that pulmonary O. toxicity does not always occur, as the physi- 
cian has no choice but to use whatever O. dose is necessary. Indeed, the critically 
ill patient may respond differently than the normal volunteer. For example, 
patients with large right-to-left intrapulmonary shunts survive high O. concentra- 
tions for over a month.! Thus, reduced arterial oxygenation may in some way 
protect against adverse pulmonary effects of the high inspired O. concentrations 
used to treat the hypoxemia. 
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the devastating effects of hypoxemia, while 
avoiding complicating barotrauma and O, 
poisoning. 


Discussion 
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Indianapolis, Indiana 


Shortly after the discovery of O, in the 
atmosphere, Lavoisier! found that the pure 
gas produced inflammatory reactions in the 
lungs. Since those early studies, many in- 
vestigators have added to our knowledge, 
but even now the mechanism (s) by which 
O, damages tissue and the nature of cellular 
resistance to its toxic action are not com- 
pletely understood. 


This paper describes one example of the 
complex pulmonary problems encountered 
with increasing frequency by specialists in 


pulmonary disease. It alludes to the ever- 
present dilemma of the pulmonologist, who 
must decide how much supplemental O. is 
required and what other mechanical and/or 
surgical methods are necessary to prevent 


Observations in animals have indicated 
that high inspired O. concentrations lead to 
primary destruction of alveolar capillary en- 
dothelial cells. Squamous epithelial e- 
(type I) are damaged secondarily, ar 
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with the warming mattress. Tympanic tem- 
perature, which was 38° C during the mduc- 
tion of anesthesia, once again began ж fall 
at the beginning of continuous bladde- irri- 
gation. After 30 minutes, the temperature 
had decreased to 35? C. At this pont, a 
standard blood-warming coil was intemposed 
between the bladder irrigation system and 
the cystoscope and immersed in a water 
bath maintained at 40? C. The суѕісѕсору 
with urethroplasty continued for an addi- 
tional 20 minutes. Anesthesia was comoleted 
without incidence, and in the recovery room, 
the infant's temperature was 35.8? C. 


DISCUSSION 


'The critical temperature of the newborn 
undergoing cystoscopy in the lithotom y po- 
sition is often compromised by the us of a 
relatively cool solution (at room terapera- 
ture) for the continuous irrigation of 3 core 
compartment. The body mass of the neonate 
is approximately 5% that of the adult, while 
body surface area is only 15%. 'The еюге, 
there is a threefold greater capacity for 
heat dissipation. The neonate also lac«s the 
subcutaneous fat and tissue of the adult, 
which normally provide insulation a ainst 
heat loss.? Core conductance to the periph- 
ery also is greater in the neonate, facil tating 
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greater heat loss over a shorter period of 
time.?-4 


Most anesthetic agents contribute to hy- 
pothermia by reducing afferent stimuli, pre- 
venting shivering and muscular activity, in- 
hibiting metabolism, and causing cutaneous 
vasodilation. Inadvertent hypothermia is 
one cause of neonatal morbidity and mortal- 
ity.» Centinuous irrigation of a highly vas- 
cular care compartment with a warm aque- 
ous solt tion may facilitate maintenance of 
a погт: 1 body temperature when used from 
the star- of neonate cystoscopy. 
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Estimation of Anesthetic Solubility in Blood 


ALFRED FEINGOLD, MS MD* 


HARMACOKINETICS of inhalation anes- 

thetics classically describe the blowd/gas 
partition coefficient (B/G) as an important 
determinant of the speed of induct om of 
and emergence from inhalation anes-hesia. 
For this reason, the solubility in bloed has 
been determined for virtually all anestaetics. 


This blood solubility may be divided into 
3 major components: solubility in lipids, 
water, and plasma proteins.! * Feather: tone's 
group! and Lower have reasoned tha- B/G 


may be estimated by addition of 0.8 times 
the waser/gas partition coefficient (W/G) 
апа 0.005 times the fat/gas partition coeffi- 
cient (*/G). These coefficients correspond 
to the water and lipid content of normal 
blood and result in the equation: 


B/ 3 = 0.8 W/G + 0.005 F/G (D 
The application of this formula, however, 
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TABLE 


Reported and Calculated Partition Coefficients for 13 Anesthetics 
SE o — 











Reported* | Calculated t dace 
Agent Water/gas Fat/gas Blood/gas Blood/gas (percent) 

Diethyl ether 13.0 50 (66) 12.0 12.04 (12.23) 0 (—2) 
Trichloroethylene 1.7 (1.51) 600 (740) 9.0 8.70 (8.74) +3 (+3) 
Halothane 0.80 155 (185) 2.4 2.56 (2.56) —7 (—T) 
Isoflurane 0.62 (0.70) 68 (94.5) 1.4 1.36 (1.56) +3 (—11) 
Nitrous oxide 0.47 1.4 0.47 0.43 (0.43) +8 (4-8) 
Methoxyflurane 4.5 (3.5) 670 (890) 11.0 12.00 (12.02) —9 (—9) 
Fluroxene 0.85 34 (43.8) 1.4 1.16 (1.20) +17 (+15) 
Chloroform 4.0 280 8.0 6.88 (6.36) +14 (+21) 
Enflurane 0.78 70 1.9 1.53 (1.39) +19 (+27) 
Divinyl ether 1.4 40 (59) 2.6 (2.2) 1.71 (1.84) +34 (+16) 
Xenon 0.085 (0.097) 1.3 0.14 0.09 (0.10) +35 (+29) 
Ethylene 0.09 0.95 0.15 0.09 (0.09) +40 (+40) 
Cyclopropane 0.21 8 (14) 0.55 0.28 (0.33) +49 (+40) 


*From Steward.’ ( ) values from Lowe when they differ more than + 106; from those reported by Steward. 


‘B/G 0.88 W/G 


calculated B/G 


iPerc ifferenc (1 - ) 
t Percent difference 100 (1 reported ЕС 


fails to explain large amounts of blood solu- 
bility, attributed to protein solubility or to 
protein binding. 


It seemed worthwhile to examine a large 
number of anesthetic agents and to deter- 
mine by numerical analysis the best coeffi- 
cients of equation Т. In addition to produc- 
ing a simple formula for approximating 
B/G, this might further identify those in- 
halation anesthetics whose blood solubility 
is strongly influenced by plasma proteins. 


METHODS 

Using the summarized data of Lowe and 
of Steward and associates? for B/G, W/G, 
and F/G in man (at 37? C), 13 anesthetics 
were studied. Since the values recommended 
by these authors differ, an arbitrary toler- 
ance of +10% was chosen. When Steward's 
values were within +10% of those from 
Lowe, Steward's values were used; when 
Lowe's values were outside this range, they 
were treated separately and appear sepa- 
rately in the table. 


These data resulted in an overconditioned 
matrix of 13 equations with 2 unknown co- 
efficients, x and y: 

B/G =x W/G + y F/G (II) 
A digital computer program minimized the 
root-mean-square difference between B/G 
calculated from vquation II and those val- 


+ 0.012 F/G (for Steward's data). ( ) B/G 


0.89 W/G + 0.01 F/G (for Lowe's data). 


ues reported. A separate estimate of x and y 
was obtained for the data which included 
Lowe's values. For both estimates of x and 
у, the percent difference between the re- 
ported and the calculated B/G was deter- 
mined. 


RESULTS 


The best coefficients for the 13 anes- 
thetics studied are x equals 0.88 and 0.89 
and y equals 0.012 and 0.01 for Steward's 
and Lowe's data, respectively. The table 
lists the anesthetics in order of the mean 
absolute percent difference. The mean per- 
cent differences for diethyl ether, trichloro- 
ethylene, halothane, isoflurane, nitrous ox- 
ide, and methoxyflurane are within the 
+10% tolerance selected for this study. 
Enflurane, cyclopropane, fluroxene, divinyl 
ether, chloroform, ethylene, and xenon all 
have more anesthetic dissolved in blood than 
can be accounted for by this simple equa- 
tion. The greatest discrepancy between the 
calculated and reported B/G occurs for 
cyclopropane (+40 to +49%), ethylene 
(+40%), xenon (+29 to +359), divinyl 
ether (+16 to +34%), and enflurane (+19 
to +27%). 


DISCUSSION 


The accuracy of any equation for predict- 
ing B/G from W/G and F/G depends in 
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part on the accuracy of the values used. 
For this reason, 2 sources of summarized 
partition coefficients were used. The 2 sets 
of W/Gs and B/Gs differ in an unsystematic 
way. However, the F/Gs from Lowe are 
consistently higher than those from Steward, 
reflecting different methodologies. 


'The order of the anesthetics in the table 
is little affected by choosing the values of 
1 author rather than the other. The coeffi- 
cients calculated for both sets of partition 
coefficients are sufficiently close to suggest 
the following equation as the best estimate 
of B/G: 


B/G + 0.89 W/G + 0.011 F/G (HI) 


Several inhalation anesthetics have been 
shown to bind to proteins. Featherstone! 
showed that 53% of the cyclopropane dis- 
solved in whole blood resulted from protein 
binding. Schoenborn demonstrated the bind- 
ing of xenon to hemoglobin® and cyclopro- 
pane to myoglobin.* Cowles and colleagues* 
reported that the B/G of cyclopropane and 
ethylene increase at low concentrations, 
which is consistent with protein binding. 


Normal blood is reported to contain 81% 
water and 0.6% lipid.? These values are 
slightly larger than those used in previous 
estimates; however, the estimation of B/G 
within +10% for 6 of the anesthetics re- 
quires coefficients which represent even 
greater water and lipid content. This sug- 
gests that all of these 6 anesthetics have 
significant solubility in plasma proteins, as 
shown for halothane by Lassberg and 
Hedley-Whyte.? 
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Even with these larger coefficients, there 
remains a large discrepancy between the 
calculated and reported B/G for 7 anes- 
thetics. Fcur of these (fluroxene, chloro- 
form, enfiurane, and divinyl ether) have not 
been previcusly reported to have significant 
solubili:y in plasma proteins or to undergo 
significant protein binding. 
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Significance of Pco, Within Low- Pressure 
Endotracheal Tube Cuffs 


PAUL R. LEVESQUE, MD* 


ing N.O inhalation. Since this phenomenon 
is the result of transfer of N.O into the cuff 
gas space, it is also likely that the CO, 


Q тачи and coworkers'? recently dem- 
onstrated that the pressure within air- 
filled endotracheal tube cuffs increases dur- 
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correlation between cuff Pco, when cuff pressure 
approximates arterial diastolic pressure (dotted 
line). 


partial pressure within the cuff might re- 
flect the Paco. of the tracheal mucosa. 


METHODS 

Measurements were made on 6 anesthe- 
tized, intubated adult patients (following 
informed consent) undergoing surgical pro- 
cedures lasting 4 hours or more. A radial 
artery cannula was inserted preoperatively 
for blood pressure monitoring and arterial 
blood sampling. Anesthesia was maintained 
by 40 to 60%, N,O with О. and enflurane. 


Following induction of anesthesia, an NCC 
8 mm ID polyvinyl endotracheal tube, 
equipped with a thin-wall, high-residual- 
volume, low-pressure flabby cuff, was in- 
serted and inflated with sufficient air (12 to 
15 ml) to raise the cuff pressure 10 to 20 
torr above arterial systolic pressure (120 to 
200 torr). Intracuff pressure was monitored 
by an aneroid manometer connected to the 
pilot tube. Forty-five minutes later, arterial 
blood and cuff gas were sampled. To avoid 
contamination of the gas sample by air 
from the pilot tube, the first 2 ml portion 
was discarded and a 3-ml sample taken for 
Pco, measurement. 


Cuff pressure was then adjusted to equal 
arterial diastolic pressure (60 to 80 torr), 
and 45 minutes later the same sampling pro- 
cedure was carried out. Finally, cuff pres- 
sure was lowered to zero but tracheal seal 
preserved by residual air remaining in the 
flabby cuff. Sampling was done 45 minutes 
later, as above, and results were analyzed 
electronically. 
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RESULTS AND COMMENTS 


Close correlation is demonstrated (figure) 
between cuff Pco. and Paco. when the 
intracuff pressure approximates patient's 
diastolic pressure: regression equation is 
Y = 1.03x — 5.28 and г = 0.9076. These re- 
sults show that diffusion from the tracheal 
mucosa through cuff membrane occurs. In- 
deed, when intracuff pressure is allowed to 
exceed arterial systolic pressure, no corre- 
lation exists between cuff Pco. and Paco,: 
regression equation is Y=0.187x + 17.614 
and г + 0.619. When cuff pressure is zero 
but tracheal seal is preserved, the regression 
equation is Y 20.715x — 3.819 with г = 0.897. 
This indicates either that equilibrium was 
taking place between cuff Pco. and mean 
airway Paco,, or that the surface area of 
contact of the cuff with tracheal mucosa 
was too small to achieve rapid equilibrium 
with Расо. (Airway tension was not meas- 
ured.) 


Clinical Applications.—1. When tracheal 
seal cannot be achieved with low cuff pres- 
sure (20 torr), at least cuff pressure should 
not exceed the patient's arterial diastolic 
pressure. This should prevent impairment of 
mucosal blood supply and avoid tracheal 
damage. 


2. Whenever arterial cannulation is con- 
traindicated (for instance, in patients with 
hemophilia, peripheral vasculitis, etc) a 
close approximation of Paco. can be achiev- 
ed by sampling gas from the endotracheal 
tube cuff after 1 hour of cuff inflation at 
approximately patient diastolic pressure. 
Whether cuff Pco. equilibrates with arterial 
or venous Pco. is unknown, but ( arterial- 
ized) venous Рсо„ has been demonstrated 
to approach Paco, during anesthesia." 
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Shearing Hazard of Intra-Arterial Teflon Catheters 


EDWARD A. TALMAGE, MD* 


Sayre, Pennsylvanic T 


Dos and associates, evaluating sev- 
eral *needle-through-catheter" intra- 
vascular devices for percutaneous radial 
artery cannulation, found the 20-gauge 
Longdwel* Teflon catheteri to be accom- 
panied by significantly fewer vascular com- 
plications than the 18-gauge Longdwel or 
the 18 or 20-gauge Argyle Medicut".§ The 
20-gauge is also recommended by others? 
for dorsalis pedis artery cannulation. 


In evaluating the 20-gauge Vicra Quik- 
Cath?! Teflon needle-catheter combination, 
we often detected a grating sensation as the 
needle and catheter were advanced into the 
artery. Examination upon withdrawal re- 
vealed a frayed and crimped catheter tip, 
with distorted, irregular edges and sharp, 
tentacle-like projections (figure). It was 
first thought that calcified vessel walls might 
be producing this effect, but the grating sen- 
sation could be detected immediately after 
passage through the skin before the vessel 
wall was contacted, and the same deformity 
was produced after a single passage threugh 
the skin. Advancement of such “sheared” or 
frayed catheters into the artery after punc- 
ture of the vessel was either difficult, ac- 
companied by the grating sensation, or im- 
possible, due to resistance to catheter entry 
into the vessel. The inner cannula tip might 
be in the vessel lumen, with a pulsating 
blood return, yet catheter advancement 
would be impeded through impingement of 
its distorted edges on the vessel wall. As 
passage of such rough-edged catheters partly 
or completely into the vessel increases the 
incidence of hematoma formation, the grat- 
ing sensation is a clear indication to with- 





iBecton-Dickinson Company, Rutherford, New Jer- 
sey. 

§$Sherwood Industries, St. Louis, Missouri. 

||Travenol Laboratories, Deerfield, Illinois. 





FicuRr. Enlarged view of representative catheter 
and canaula showing sharp edges and projections 
(approx. x 25). 


draw aad discard such cannulas, to avoid 
any pessible damage to the intima and 
media ef the vessel wall. The grating sensa- 
tion, pessibly accompanied by resistance to 
the ent-ance of the catheter into the vessel, 
is best appreciated when the operator grasps 
the carnula directly in his fingers, as use 
of a syringe or a Longdwel outer guard as 
a hand e may dampen the sensation so much 
that it escapes detection. 


The ip of the 20-gauge Longdwel catheter 
has revealed similar structural alterations 
and deéormities of its leading edge. Some 
cathete-s, regardless of brand, appear more 
subject to shearing than others. Inner can- 
nulas just larger than optimum may cause 
excessive stretching of the catheter edge, 
renderiag it more subject to shearing upon 
passage through skin and/or vessel wall. 


One of the goals in the development of 
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these catheters has been to make the junc- 
tion between the needle and the catheter as 
smooth as possible, to facilitate passage 
through the skin, entrance into the vessel, 
and slipping the catheter off the needle into 
the vessel once the vessel wall has been 
punctured and a good flow obtained. This 
has generally been accomplished by taper- 
ing the distal tip of the catheter, reducing 
the outside diameter to the minimum com- 
patible with structural integrity of the cath- 
eter, in most cases a knife edge. Theoreti- 
cally, such a knife-edged taper might be 
easily crimped or roughened if the catheter 
material were not sufficiently strong to re- 
sist the shearing forces to which the edge 
is subjected in its passage through the skin, 
subcutaneous tissues, and vessel wall. 


Perhaps the knife edge on the catheter 
tip could be modified to a somewhat round- 
ed tip of just sufficient radius to resist the 
above-described shearing forces, care being 
taken to avoid oversize inner cannulas. Such 
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rounded tips should present little or no im- 
pediment to passage through normally elas- 
tic skin or vessel walls. Alternatively, one 
could pre-puncture the skin with a slightly 
larger needle, but the vessel wall might still 
distort the catheter edge. It would seem 
prudent to avoid intra-arterial or intrave- 
nous advancement of catheters whose pas- 
sage has been accompanied by the grating 
sensation described. 
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Evaluation of Larynx and Trachea 
by Xeroradiography 


S. S. MOORTHY, MB, BS, MD* 
ALVIN M. LoSASSO, MD} 
HAROLD KING, MD} 
EDMUND FRANKEN, MDS 


Indianapolis, Indiana 


Ро changes іп the larynx and 
the trachea may result from tracheal in- 
tubation.! Xeroradiography, which involves 
exposing a highly charged selenium plate to 
Xx-rays,?? gives excellent images of the lar- 
ynx and trachea for evaluation both before 
and after intubation. 


* Assistant Professor, Department of Anesthesiology. 


{Associate Professor, Department of Anesthesiology. 


In xeroradiography, the surface of the 
plate becomes conductive to the exposed 
areas and acquires a charged image depict- 
ing radiation intensities. This plate is ex- 
posed to a cloud of blue powder which is 
attracted to the plate according to the in- 
tensity of charge. The final image can be 
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Fic 1. Xeroradiograph (AP view) of patient in 
case 1, showing a right-sided aorta pressing on the 
trachea. (The image is reversed.) 
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viewed directly or transferred to a plastic- 
coverec paper. When printed, the sides of 
the imege are reversed. 


We report 2 cases and a prospective study, 
to aler the anesthesiologist to the use of 
xeroraGlography as a noninvasive approach 
to detect abnormalities of the larynx and 
traches and for evaluation of the airway 
after ir tubation. 


CASE REPORTS 


Case 1. Detection of changes in the tra- 
chea Бејәге operation.—A 3-year-old boy 
was admitted for repair of tetralogy of Fal- 
lot. H- was in no preoperative respiratory 
distress. However, preoperative xeroradiog- 
raphy revealed a right-sided aortic arch 
pressing en the trachea (fig 1), alerting the 
physicians to the danger of postoperative 
airway obstruction from tracheal compres- 
sion. Thi patient had an uneventful post- 
operative course. 


Case 2 Subglottic stenosis and web fol- 
lowing prclonged intubation.—A 10-year- 
old gir was admitted for repair of cardiac 
defects and takedown of pulmonary artery 
banding under cardiopulmonary bypass. 
Postoper: tively, the patient required me- 
chanical ventilatory support for 7 days by 
indwel inz uncuffed endotracheal tube. Fol- 
lowing tricheal extubation on the 7th day, 
only hoarseness was present. She was dis- 
charged er the 17th postoperative day. On 
the 25h postoperative day, she was read- 
mitted w:th acute upper-airway obstruction. 





Fic 2. 
laryngeal web. 


Xeroradiograph (lateral view) of patient in case :. showing subglottic stenosis and 


(arrow) 
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Xeroradiography of the larynx and trachea 
showed subglottic stenosis and a laryrzeal 
web (fig 2). The patient underwent trache- 
ostomy followed by repeated tracheal dila- 
tions. 


PROSPECTIVE STUDY 

To determine the incidence of laryngo- 
tracheal abnormalities as revealed by xero- 
radiography, we studied 16 pediatric pa- 
tients (4 to 14 years) scheduled for elective 
open-heart operations. All were endotrache- 
ally intubated with polyvinyl-chloride tabes 
whose size ( French) was determined by the 
formula “аре + 17," modified as indicated 
by clinical judgment. In only 1 patient was 
a cuffed tube used. Fourteen of the patients 
were intubated for 28 hours, one for 8 hcurs, 
and one for 72 hours. 


Of the 16 patients, 14 showed no laryngeal 
or tracheal changes on xeroradiography at 
24 to 72 hours after extubation. Narroving 
of the trachea by 1 mm was seen in 2 pa- 
tients after intubation (uncuffed) for 28 
and 72 hours, respectively. 


DISCUSSION 
While only minimal changes were ob- 


served by xeroradiography in 2/14 patients 
studied, more prolonged intubation, use of 
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low-volume, high-pressure cuffs, or xerora- 
diography several days after extubation 
might have shown different results. Indeed, 
the 1 patient who developed a laryngeal 
web after 7 days of intubation did not mani- 
fest symptoms until several days postextu- 
bation. Perhaps xeroradiography during the 
asymptomatic period would have revealed 
this lesion to be forming. The boy exam- 
ined by xeroradiography before intubation, 
who then showed tracheal compression, was 
asymptomatic. 
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Pneumatocele of the Larynx: A Complication of 
Percutaneous Transtracheal Ventilation 
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REPORT OF A CASE 


27-YEAR-OLD Hawaiian suffered neck 
trauma in an automobile accident. re- 
quiring emergency tracheostomy thrcugh 


the 2nd and 3rd tracheal rings. His larynx 
was explored, and extensive damage to the 
right thyroid lamina and right vocal cord 
was repaired by mucosal approximation and 
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a laryngeal stent, removed 3 weeks after 
repair. Because of glottic insufficiency, Tef- 
lon was injected into the right vocal cord 
area without appreciable augmentation of 
the posterior third of the cord. 'The cord was 
therefore nonmobile and laterally displaced, 
especially posteriorly. Since he had diffi- 
culty talking and coughing, he was sched- 
uled for removal of a Teflon granuloma of 
the anterior aspect of the cord and Teflon 
injection to its posterior part. 


The patient received 100 mg of meperi- 
dine and 0.5 mg of atropine IM, 1 hour 
before operation. On his arrival in the 
operating room, a 16-gauge IV cannula was 
placed in the left arm and infusion was 
started. When the blood pressure cuff and 
ECG leads had been attached, the patient 
was preoxygenated for 4 minutes with 1004; 
O., using a circle system with an inflow 
rate of 16 L/min. He was given IV fentanyl 
(0.2 mg) until drowsy; then, thiopental 
(375 mg), and 80 mg of succinylcholine IV. 
A 0.2%, solution of succinylcholine was in- 
fused at about 10 mgms/min. А 14-gauge, 
3.8 cm Deseret Radio Opaque Teflon cath- 
eter was then inserted through the cricothy- 
roid membrane into the trachea. ('This cath- 
eter has side holes near the tip, designed 
originally for venous lines in patients on 
dialysis.) A 10-ml syringe was attached 
and air aspirated from the trachea to con- 
firm position. The catheter was connected to 
a high-pressure jetting system consisting of 
a Bird high-flow N.O-O. blender, pressure- 
reducing valve, and a flow-interrupting de- 
уісе.! Anesthesia was maintained by inter- 
mittent jetting from this catheter with a 
mixture of N.O-O. (60:40) at a pressure 
of 30 psi, producing adequate chest expan- 
sion with an estimated tidal volume of 800 
ml. 


As the patient had a relatively short neck, 
the surgeon extended the patient's head to 
insert the laryngoscope; in the process, the 
tip of the cannula was pulled back from its 
position in the trachea to a position between 
the cricothyroid membrane and the skin, 
with resultant expansion of the neck during 
jetting. Jetting was immediately stopped, 
while the needle was removed and replaced 
through the same puncture site with a 5-cm, 
14-gauge needle of the same type, and the 
jetting system was then reattached. Ventila- 
tion of the patient was now easily main- 
tained but the neck was still slightly swollen 
and the characteristic crepitus of subcuta- 
neous emphysema could be felt. On insertion 
of an operating laryngoscope blade, the sur- 
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geon ebserved a large pneumatocele dis- 
tendins the right aryepiglottic space. This 
gas wes aspirated easily with a 17-gauge 
needle-on a laryngeal syringe. The proposed 
орега{ юп was then completed. 


DISCUSSION 


This method of management during la- 
ryngeal operations has been advocated by 
various authors.2 ° However, it is not with- 
out complications among which is pneumo- 
thorax due to excessive pressure in the lung 
if jetting is continued with the vocal cords 
closed or the upper airway obstructed." Air 
has been injected through the posterior side 
of the racheal wall by inadvertently placing 
a long needle through the other side of the 
traches.* This could proceed to mediastinal 
emphysema and bilateral pneumothoraces. 


It is interesting that the gas was able to 
track through the fascial planes to the area 
of the *ocal cords. The air may have spread 
cephalad because of fibrosis in the tissues 
below -he site of needle puncture following 
healing of the tracheostomy. Also the needle 
puncture was at the cricothyroid membrane 
rather than between the tracheal rings, 
which is the more common site.?^ The sur- 
geon, however, was easily able to deal with 
the preblem by letting out the air from the 
swollem area, enabling the patient to regain 
his nomal anatomy. 


Sine the pressure developed in the lungs 
is dependent upon the flow of gas from the 
needle and the resistance to flow is inverse- 
ly preportional to the length (Hagen- 
Poisewlle law), a short needle will deliver 
better ventilation than a long one. We now 
routinely use 5-cm needles for this technic. 


*Grant ?: personal communication, 1971. 
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Acute Ethanol Intoxication and Its Prolonged 
Effect on a Full-Term Neonate 


S. 5. KIM, MD* 
ROBERT HODGKINSON, MD} 


Bronx, New York: 


Des a double-blind trial of neuro- 
behavioral assessment of neonates, we 
observed a baby whose depressed perform- 
ance was subsequently explained by the 
inadvertent administration of IV ethanol to 
the mother during labor. This report is pre- 
sented to: (1) emphasize the need of care 
in routine IV therapy and (2) review the 
pharmacologic significance of alcohol with 
respect to the neonate. 


CASE REPORT 

A 36-year-old multipara weighing 72.6 kg 
was admitted in early labor. Her previous 
medical, surgical, and obstetric history was 
unremarkable. After 5 hours, her membranes 
ruptured at 4 cm dilation of the cervix and 
an IV infusion was started. When, 3 hcurs 
later, there was no progress and pelvimetry 
confirmed cephalopelvic disproportion, ` ce- 
sarean section was decided on. Meperidine 
(50 mg) and promethazine (25 mg) had 
been given twice, 8 and 5 hours previously. 


On arrival in the operating room, the an- 
esthesiologist noted the extreme drowsiness, 
disorientation, and nystagmus of the mother. 
Checking the IV bottle, it was found that 
almost 700 ml (40 gm) of 5% alcohol had 
been given in error for lactated Ringer's 
solution, most of it probably in the previous 
hour. 'The patient was induced with 250 mg 
of thiopental (less than the 4 mg/kg vsu- 
ally given for a crash induction) and 100 
mg of succinylcholine, and maintained cn a 
6-L flow of О, until the baby was delivered 
5 minutes later. There was no meconium, 
and fetal heart sounds were stable. As the 
1-minute Apgar score was З (1- color, tene, 
and heart rate), the baby's trachea was in- 
tubated and 100% O. administered with 
intermittent positive pressure. The 5-mirute 
Apgar was 7 (respiration, response, and 
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color were each 1). 'The heart rate and tone 
responded rapidly and the baby was de- 
scribed as vigorous at 10 minutes. The heart 
rate was 120 and the blood pressure 80/60 
2 hours later. The baby's weight was 3000 
gm, length 49 cm, and head circumference 
34V, cm. There was no evidence of hypo- 
thermia, hypoglycemia, or dehydration at 
any time. 


The Scanlon! group of neurobehavioral 
tests were administered 1 hour before a feed 
on days 1 through 10 by an investigator 
(SSK) with no knowledge of the anesthetic 
management, the method of delivery, or the 
perinatal risk factors (the fact that alcohol 
had been administered was not known to the 
investigators until 48 hours later). The 
scores were compared with those of 35 other 
babies delivered by cesarean section and re- 
ceiving the same amount of thiopental. Fif- 
teen of the mothers had received the same 
amount or more of meperidine. This baby 
had a lower score for the overall score 
(based on the evaluator's assessment per- 
formance of all neurobehavioral tests) than 
any of the other 35 neonates on each of the 
first 3 days of life. 


The subject baby's score for tone, rooting, 
and alertness were also the lowest in the 
series for the first 3 days. Eight babies had 
an equally low sucking score, 5 an equally 
low Moro reflex score, and 4 an equally low 
response to sound score for the first 3 days. 
After the 3rd day, all the baby’s scores were 
normal except for tone, which was intermit- 
tently found to be low until the 7th day. 
The mother and baby were both well and 
were discharged on the 10th day. 


DISCUSSION 
The IV administration of alcohol was in- 
troduced in 1967 to inhibit premature labor,? 
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although a recent trial has shown it to be 
no more effective than a placebo.? Use of 
alcohol to delay labor can be dangerous to 
both mother and baby. The acidity ard vol- 
ume of maternal gastric secretions are pro- 
portionate to the amount of alcohol :dmin- 
istered, and subsequent anesthesia has been 
associated with aspiration of the highty acid 
secretion, followed by pneumonitis.* 


Alcohol freely passes through the placen- 
ta; an acute withdrawal syndrome? has been 
described, as well as fetal alcoho syn- 
drome" (microcephaly, growth retardation, 
and multiple congenital abnormalities) fol- 
lowing chronic alcoholism. 


The alcohol dehydrogenase activity in the 
fetus is only 25%, that of the adult, and the 
rate of disappearance of alcohol from the 
neonate is probably slower than the mean 
7 gm/hr shown by a normal 68-kg adult." 
In addition to its effect on neurobeaavior, 
alcohol is a potent depressant of hypccapnic 
and hypoxic drive in man.? 


In view of its doubtful efficacy in sup- 
pressing premature labor, its poten’ cere- 
bral-depressant effect on the fetus dready 
handicapped by prematurity, and its pro- 
pensity to produce a highly acid, high- 
volume gastric secretion in the mother, it is 
time that the use of IV alcohol be reevalu- 
ated. If its use is to be continued, the anes- 
thesiologist should ascertain that :lcohol 
bottles resembling bottles of lactated Ring- 
er’s solution are segregated from other in- 
fusional fluids, should recognize tae in- 
creased risk of maternal acid aspiraticn, and 
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should 5e prepared to resuscitate a possibly 
very inebriated neonate. 


Editor. note: A reviewer comments: “Our 
gastroenterologists are doing clinical re- 
search on IV alcohol in normal volunteers 
and are impressed with the marked increase 
in gastric secretion and the high incidence 
of hemerrhagic gastritis.” 
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Edmond 1. Eger, II, M.D. 


Е“ individuals have made the impac! on 
clinical anesthesia that has Edmond I. 
Eger, II. His bibliography of more than 
150 publications reads like the index ef a 
textbook: anesthetic systems, uptake, elim- 
ination, MAC, theories of anesthesia, factors 
which affect anesthetic requirement, mech- 
anism of action, metabolism, toxicity, and 
cardiorespiratory effects of anesthesia. Dr. 
Eger recently compiled his research into an 
excellent book, Anesthetic Uptake and Ac- 
Lion.* 


Ted Eger was born in Chicago September 
3, 1930. He attended high school there, 
graduated from the University of Illinois in 
1951, and received his MD degree from 
Northwestern University Medical Schoo! in 
1955. He completed an internship at St. 
Luke's Hospital in Chicago and served his 
residency in anesthesia with Dr. Stuart C. 
Cullen at the State University of Iowa. 
From 1958-1960, Dr. Eger acted as Chief of 
the Anesthesia and Operative Section, US 
Army Hospital, Ft. Leavenworth, Kansas. 
During this period, one of his first studies, 
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"The Factors Affecting the Alteration of 
Nitrous Oxide in the Circle System," was 
completed. 


In 1960, Dr. Eger joined the Department 
of Anesthesia at the University of Califor- 
nia San Francisco Medical Center, where 
over the next 8 years he attained the rank 
of Professor. He currently serves as Vice 
Chairman for Anesthesia Research at the 
University of California and maintains an 
active research program of his own. 


Dr. Eger was recipient of an NIH Re- 
search Career Development Award from 
1961 to 1965. He is active in numerous pro- 
fessional societies, including the ASA and 
AUA, and is a Diplomate of the American 
Board of Anesthesiology. He currently is 
a member of the ASA Committee on Re- 
search and also serves as consultant to the 
US Naval Hospital in Oakland and the VA 
Hospitals in San Francisco and San Diego. 


Ted is a kind and generous man, giving 
freely of his time, his energy, and his coun- 
sel. He has the extraordinary ability to ex- 
cite young physicians as to the fun and use- 
fulness of research, as evidenced by the fact 
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that the majority of the 25 research trainees 
he has supervised have chosen full-time 
academic careers. He helps young people 
to *do their own thing." Although he con- 
stantly assists them in solving problems and 
suggests alternative routes, he does not ac- 
tively compete but rather enables the train- 
ees to mature into satisfied, independent in- 
vestigators. 


Though best known as an investigator, his 
abilities as a teacher and clinician are also 
highly regarded. He has made the complex 
subject of uptake and distribution both un- 
derstandable and clinically useful. His work 
on anesthetic systems has been instrumental 
in teaching us all why we do what we do in 
the operating room. As a clinician, he pos- 
sesses the superb attribute of being able to 
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take krowledge from the laboratory and ra- 
tionally apply it to patient care. 


But эегћарѕ that characteristic for which 
Ted is best loved by those with whom he 
has worked is his attitude toward people 
and hi- approach toward life. He attacks 
life wita the same vigor as he does his work. 
His insrests are widespread, ranging from 
the lovo of music and ballet to backpacking 
and czoss-country skiing. Ted, his wife, 
Dollie, anc their four children spend many 
vacations together traveling, camping, and 
walking the John Muir Trail. 


It ic with pleasure and pride that the 
Editors of Anesthesia and Analgesia salute 
Edmord I. Eger, II, for his many contribu- 
tions t» our specialty. 
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To the Editor: 


In reference to the Questions and Answers section of volume #54, page 211, I wonder if 
you could be more specific concerning *Nonflammable germicides or detergents . . . to be 
used when the use of electrosurgery is contemplated," as stated by Paul F. Leonard, 
M.D., Department of Anesthesiology, Mayo Clinic, Rochester, Minnesota. 


A. DelPizzo, M.D., Chairman 
Department of Anesthesiology 
Hospital of St. Raphael 
New Haven, Connecticut 
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То the Editor: 


In response to Dr. DelPizzo's question: 'The National Fire Protection Association in its 
publication 56A “Standard for the Use of Inhalation Anesthetics 1973," states (page 40) 
that “Inhibited 1,1,1-trichloroethane is a suitable defatting agent." This compound is non- 
flammable and is biologically inert (not metabolized). 


Paul F. Leonard, M.D. 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


'To the Editor: 


I'm engaged in what seems at times to be a one-man crusade. As an allergist, I'm 
acutely aware of the life-or-death situations that can be created by insect stings. I've 


run into several cases where death could have been prevented if an emergency insect-sting 
kit had been available. 


We physicians give insect-sting kits to patients who need them, and we train them in 
their use. Yet people in positions of responsibility—school nurses or principals, forest 
rangers, scoutmasters, and others who may encounter people in allergic shock—don't have 
the kits, nor do they know how to use them. Most state laws prohibit sales of such kits 
without a prescription. We physicians train our insect-allergy patients to use them, and 
we see that a kit is available to them. I think state laws should be changed so that persons 
in the kinds of key positions indicated. after receiving appropriate training, could pur- 
chase the kits without prescription. I hope others feel likewise and will be motivated to 
write their legislators to change the laws. 


I would also appreciate hearing from other doctors who know of cases where the use 
of an insect-sting kit would have prevented death. Write me at: Doctors Park, Building 
4-C, Asheville, North Carolina 28801. 


Claude A. Frazier, M.D. 
Asheville, North Carolina 
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In each issue of the Journal an article of 
particular interest and value to anesthesi- 
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ologists. which has been published else- 
where, wil be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiolagists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. in the last instance, these reprintings 
are not te be construed as an endorsement 
of the particular commercial firm or its 
produc’ by Anesthesia and Analgesia—Cur- 
rent Researches. 


Treating Acute Heroin and Methadone Toxicity 


GEORGE R. GAY, MD, AACT, FAAFP* 
DARRYL S. INABA, Phorm. Dt 


Acute heroin and methadone overdose reactions 
are seen with increasing frequency in E.R.s 
servicing middle-class white suburbia. The au- 


Fo teen-agers carried an unconscious 
youth into the Haight-Ashbury Free 
Medical Clinics in San Francisco. He was 
apneic, cyanotic, and areflexic, but his pulse 
was strong. His friends said he’d “shot-up 
with smack"—heroin—just a few minutes 
before. 


Quickly we cleared his mouth of mucus, 
put an oropharyngeal airway in place, and 
began mouth-to-mouth respiration. Simul- 
taneously we gave him, I.V., 2 cc naloxone 
hydrochloride (Narcan) and 5 ce doxapram 
hydrochloride (Dopram). 


The patient’s color returned, spontaneous 
respirations resumed, and he regained full 
consciousness—all within about 20 seconds. 
Suddenly he spit out the airway, complain- 
ing only of *a terrific headache.” We ob- 
served him for several hours and then dis- 
charged him. 


Here at the Haight-Ashbury Clinics we 
treat well over 400 heroin and methadone 
addicts a week. Every day we see at least 
one case of acute toxicity similar to this 
young man’s, and we’ve yet to lose such an 
overdose patient—who had a heartbeat 
when he arrived. 


thors give step-by-step procedures for the 
management of this life-threatening medical 
emergeucy. 


Opiate and opioid overdose victims clas- 
sically present with pinpoint pupils (unless 
anoxia has caused dilation) , areflexia, mark- 
ed respiratory depression (from apnea to 
two or three shallow gasping breaths per 
minute), and a cyanotic, clammy pallor.! 
Always suspect that a comatose patient with 
questicnadle or nonexistent history may be 
such an overdose case. 


Trestment, to be effective, must be 
prompt, nd proper measures are essential. 
Here, in cutline form, is the method of emer- 
gency herapy we've developed at Haight- 
Ashbury Clinics: 


1. Establish an airway :?? 


A. Clean patient's mouth. Mucus, blood, 
vomitus, zum, or tobacco may be found. 


B. Wi-h the patient in supine position, 
tip the head slightly back.!? Grasping jaw 
at angles of mandible and at point of chin, 
draw the head back, chin high, to a “sniff- 
ing-like" position, but be careful not to hy- 
perextenc. Pull the tongue forward, making 
sure it isr't occluding the posterior orophar- 
ynx. I cropharyngeal reflexes are absent, 
insert ап oropharyngeal or nasopharyngeal 


*Former Director of Clinical Activities, Haight-Ashbury Free Medical Clinics, San Francisco, California. 
Present address: P.O. Box 1169, Mendocino, California 95460. 


+Director of Pharmaceutical Services, Haight-Ashbury Free Мейса! Clinics, San Francisco, California. 


Reprinted with permission from Medical Economics, Inc., Oradell, N.J. and the authors. 
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airway; if one isn't available, hold the ton- 
gue forward with your fingers. 


C. Breathe for the patient if he or she 
is apneic—mouth-to-mouth, or mouth-to- 
nose,!! or use an Ambu bag if one is handy. 
If room air is 20 percent oxygen, your 
mouth-to-mouth respiration will get at least 
15 percent oxygen into the patient. Make 
sure air is entering the lungs- that the 
chest (not stomach) is expanding. Listen for 
breath sounds with a stethoscope. Don't stop 
to look or call for endotracheal equipment — 
you are dealing with a true emergency and 
hesitation can spell disaster. Endotracheal 
intubation should be attempted only by a 
trained anesthesiologist or surgeon — and 
only when the patient has been previously 
properly oxygenated. You have about two 
minutes to achieve intubation. If unsuccess- 
ful, resume mouth-to-mouth, oxvgenating 
the patient well before attempting intuba- 
tion again. 


2. Quickly assess the cardiovascular sys- 
tem: 


A. Check the pulse for rate and rhythm. 
Check precordial, femoral, temporal, or ra- 
dial pulses. Don't be lulled into complacen- 
су by the strong full pulse of hypoxia, which 
may be premonitory to terminal arrhythmia 
and cardiac cessation. Remember: If the 
patient arrives with a heartbeat, you should 
be able to save him. 


B. Begin external cardiac massage if 
heartbeat is absent, placing palms of vour 
hands over the patient's lower sternum, de- 
pressing firmly 50 times per minute.!2-14 
Determine cardiac status with ECG. Insti- 
tute appropriate action— defibrillation, pac- 
ing, etc. 


C. In severe cases of narcotics overdose, 
the patient's cardiovascular system тау be 
so depressed that pulmonary edema devel- 
ops.!ë Intubation or tracheostomy — plus 
continuous positive pressure respiratien— 
may be lifesaving.16.17 


3. Continue treatment for heroin over- 
dose: 


A. Give intravenously 2 cc (1 cc/0.4 mg) 
naloxone hydrochloride. This may be re- 
peated 2 to 3 times at 2 to 3-minute inter- 
vals without fear of adverse or agonistic 
effect (I.V. works in seconds; I.M. adminis- 
tration may take 20 minutes or more to act). 
If the patient has “collapsed” veins, as 
many addicts do, try the external jugular 
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or the femoral or inject at the base of the 
tongue if all else fails. 


The Narcan test may be considered to be 
diagnostic for narcotics overdose; reversing 
opiate/opioid depressant effects without en- 
dangering the patient who may have other 
depressant drugs in his/her system. 


Also, Narcan is free of narcotic agonist 
effect which may be seen with repeated 
doses of Lorfan or Nalline. 


B. Give LV. 3 to 5 cc (1 cc/20 mg doxa- 
pram hydrochloride).2"?! This is an ex- 
tremely safe, temporary (lasting 3 to 5 min- 
utes), nonspecific respiratory stimulant. It 
usually has immediate effect, so be sure air- 
way is open. One word of caution here . . . 
if prolonged apnea and pre-existing acidosis 
is suspected, AVOID the use of Dopram, 
as some hypertensive and metabolic acidotic 
response may be expected following its use. 


C. Stay with the patient until he is fully 
responsive. If he used a long-acting narcot- 
ic, such as methadone hydrochloride (Dolo- 
phine), he may lapse back into coma if con- 
tinuous monitoring is not provided for sev- 
eral hours. With the ever-expanding metha- 
done maintenance programs in this country, 
providing a continuing increase in street- 
availability of this government approved 
highly potent opioid, methadone overdoses 
are being seen in increasing numbers. 


D. If the patient fails to respond, follow 
established emergency procedures to secure 
a route for administering LV. fluids—pre- 
ferably with a large bore cannula. If moder- 
ate to severe acidosis is suspected, adminis- 
ter sodium bicarbonate.?? Begin the admin- 
istration of a glucose-electrolyte solution.?? 
Draw blood for chemistries. Search for non- 
overdose etiology—evidence of trauma, 
blood loss, acute infectious process, and in- 
creased intracranial pressure. 


E. If long-standing drug depression is 
suspected (for example, when a patient is 
discovered unattended), be on guard for 
atelectasis or pneumonia.?*.2? In any event, 
hospitalization, vigorous pulmonary ther- 
apy, and aggressive antibiotic therapy are 
indicated. 


The typical middle-class junkie—whom 
you’re apt to be treating in increasing num- 
bers—is in his early 20s, white, male (al- 
though now up to 35 percent of the clients 
at the Haight-Ashbury Free Medical Clin- 
ics Detoxification Section are female), and 
an Establishment-alienated dropout from 
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TABLE 


т 


Symptom complex 


Treatment 





Pain (or expressed 
somatic discomfiture) 


Sleeplessness 


Nervousness 


Gastrointestinal 
distress 


Propoxyphene napsylate (Darsor-N), 200 mg, propoxyphene hydro- 
chloride (Darvon), 130 mg, or »ertazocine (Talwin), 100 mg, q 4-6 h. 


Note: Talwin within 12 hours cf ¿ “fix” may produce narcotic antag- 
onism creating “instant Cold Tartey” and thus reducing the medica- 
tion’s analgesic effect. 


Flurazepam ¢Dalmane) 60 to 90 mg hs, Chloral hydrate, up to 2.5 
gr hs. 


Note: At the Haight-Ashbury Oe-cxification Section we avoid use of 
the short-acting barbiturates, rlu-ethimide, or methaqualone. 


Phenobarbital. 30-60 mg, diazepam (Valium), 5-10 mg., or chlor- 
diazepoxide (Librium), 10 to 25 mg, q 6-8 h. 


Belladonna leaf extract, phenobarbital (Belphen No. 1), oxyphenonium 
bromide and phenobarbital (Aatrenyl-phenobarbital), or dicyclomine 
hydrochloride (Bentyl), two capsales q 4 h 


Note: For pronounced nausea end vomiting, 5-15 mg prochlorperazine 


(Compazine) q 4 h orally or 1( mg by rectal suppository. 


suburbia. He's been on heroin for less than 
2 years, but already his habit is demanding 
up to 20 mg. of pure heroin a day." 
That’s more than enough to hide the warn- 
ing pain of abscessed teeth, pelvic inflam- 
mation, or a ruptured appendix. 


SHORT-TERM OUTPATIENT 
OPIATE OPIOID DETOXIFICATION 


Abrupt withdrawal from heroin may be 
discomfiting in the extreme, but life-threat- 
ening crises, such as the convulsions and 
hyperpyrexia occasionally seen with alcohol- 
tranquilizer-barbiturate withdrawal, are rare 
(basically only seen in the premature new- 
born of the addicted mother). During acute 
heroin withdrawal the patient may experi- 
ence hypersalivation, with runny eyes and 
nose; fever, chills, and diaphoresis; nausea, 
vomiting, abdominal cramps, and diarrhea; 
photophobia due to dilation of the pupils; 
musculoskeletal pains and cramps; itteri- 
ness and insomnia to a marked degree. 
These symptoms make their appearance 
from 6 to 8 hours after the last “х,” reach- 
ing a maximum at from 24 to 36 hours. 
Usually withdrawal symptoms subside after 
5 days. Insomnia, general irritability, and 
muscular aches and pains gradually lessen 
over the ensuing days and weeks. At the 
Haight-Ashbury Free Medical Clinics, four 
symptom complexes are commonly treated: 
pain (muscle, joint, and bone aches), sleep- 
lessness, nervousness, and gastrointestinal 
complaints. 
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A retrospective review determined 


the incidence of respiratory distress syndrome in newborns of diabetic or nondiabetic 
mothers. The syndrome occurred in 23.4% of the diabetic compared with 1.3% of the 
nondiabetic group. Therefore, the chance of this syndrome developing in an infant 


of a diabetic mother is about 24 times that of an infant of a nondiabetic. 


When all 


confounding factors were controlled, including the gestational age and route of 
delivery, the chance of the syndrome developing was still 6 times greater in the 
diabetic group. Thus, maternal diabetes, per se, probably predispose the infant to 
respiratory distress. Fetal hypersecretion of insulin may block the enzyme-inductive 
capability of cortisol which is necessary for lung maturation. (Robert MF, Neff RN, 
Hubbell JP et al: Association between maternal diabetes and the respiratory-distress 
syndrome in the newborn. NEJM 294:357-360, 1976) 
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Physician Liability for Death of 
Heart Transplant Dono- Discussed 


Ls and moral implications of a jury 
verdict holding a physician not liable 
for the death of a heart transplant donor 
were discussed in an article questioning the 
concept of "brain death." 


In the case discussed, the patient had 
been admitted to a hospital after suffering 
a massive brain injury. He sustained a later 
basilar skull fracture on the right side, sub- 
dural hematoma on the left, and brain stem 
contusion. 


Emergency surgery was performed and 
he was placed on a respirator. The treating 
physician noted that prognosis for recovery 
was nil and that death was imminent. Short- 
ly thereafter a neurologist obtained an EEG 
with the results showing "flat lines with 
occasional artifact." 


Vital signs remained about normal for the 
next two hours, at which time the respirator 
was cut off. Five minutes later he was pro- 
nounced dead, and his heart was removed 
and transplanted to a recipient. 


The petient’s brother sued the transplant 
surgeon бг $100,000, alleging that the trans- 
plant tean engaged in a systematic and ne- 
farious scheme to use the patient's heart 
and hastened his death by shutting off his 
mechanical support. The suit also charged 
that the patients heart had been removed 
with oal> minimal attempts to notify the 
family amd obtain permission. 


No арғіоп was issued in connection with 
the jury verdict. However, the trial court 
gave tke jury an instruction allowing it to 
use ceSacion of brain function as a possible 
definitmr of death. The jury found in favor 
of the transplant surgeon, determining that 
he hac rot caused the patient's death by 
removing him from the respirator after his 
brain Бас ceased to function. 


The ai thor of the article stated that the 
principal. in the case and the press had 
treated the case as a “brain death" case. 
Howev2r the determination of when death 
occurs is a philosophical or moral question, 


Reprinted with permission from THE CITATION, published by the Law Division of the American Medical 


Association. 


612 


not a scientific or medical one, the author 
sald. He suggested that the decision as to 
when the heart may be removed for trans- 
plant be made by the patient's relatives, 
and argued that not consulting them was a 
serious infringement on the rights of the 
patient and his family. 


He raised the issue of whether this was 
a "brain death" case or simply a case of 
stopping treatment of a terminally ill pa- 
tient. To treat this as a "brain death” case, 
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one must accept several highly questionable 
premises, including vesting medical profes- 
sionals with authority to determine life and 
death. The author also questioned whether 
the "brain death" concept was intended to 
apply to death of the entire brain or only 
of the cortex, which controls consciousness. 
— Brain Death, by Robert M. Veatch, Hast- 
ings Center Report, November 1972, p. 10, 
discussion Tucker's Administrator v. Lower 
(Ct. Law & Eq., Richmond, Va., May 25, 
1972). 


ANTIBIOTICS. The authors reviewed the records of all surgical patients to determine 
the incidence of nosocomial (hospital-acquired) infections with or without prophylactic 
antibiotics. It is estimated that 6.37; of admissions to acute hospitals acquire noso- 


comial infections. 


The present study showed that prophylactic antibiotics had no 


significant effect on the incidence of hospital-acquired infections. (Finland M, McGowan 
JE: Nosocomial infections in surgical patients. Observations on effects of prophylactic 


antibiotics. Arch Surg 111 :143-145, 1976) 
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Answers 





We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will :emain 
anonymous if so desired. 


The answers will be prepared by «ompe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar. M.D. 
Contributing Editor 
Atlanta, Georgia 


* * 


QUESTION: Is it more dangerous to run a 
rechargeable ECG monitor ( Tektronix' ) on 
a patient while plugged into a grounaed cir- 
cuit than on battery power alone (reerring 
lo the electrical hazard)? 

MD, Міст рап 


ANSWER #1: "Dangerous" here imolies a 
a situation or a device fraught with a clear 
and present threat to life. A monitor is not 
"dangerous" merely because the right leg 
electrode is connected to the chassis and case 
of the device—as in early production num- 
bers of the type 410 Tektronix (and ir many 
other monitors and ECG machines tarough 
the early 1970s). A hazard exists only if the 
monitor is used on a patient in conjunction 
with some other grossly defective or incor- 
rectly connected piece of equipment. A firm 
caveat to this effect is found in the excellent 
instruction book for the Tektronix type 410. 


Operation by battery means the patient 
is no longer connected to ground through 
the grounding conductor in the powe- cord. 
With the type 410 monitor, however, tae iso- 
lation from ground provided in the battery 
mode of operation can be defeated if the 
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monito: case is grounded through a ground- 
ed support bracket or through an accessory 
grounding wire. 


As v matter of principle, deliberate 
ground ng of patients (and oneself) is to be 
avoidec. Not long ago, though, a grounding 
connection to the subject was a virtual ne- 
cessity and a standard practice in order 
to reduce electrical noise on monitors and 
recorders. Now, with improved circuitry 
and components, highly effective “dodges” 
for the noise problem are easily realized 
withou: the need to ground the subject. 
Monitors and ECG machines of recent de- 
sign, therefore, provide a large value of re- 
sistance between every patient-connected 
electrode and the monitor frame and case. 
This is accomplished by appropriate elec- 
tronic design of the “front end" (the input 
from ine patient), and such isolation is 
wholly independent of whether the machine 
is power-line operated or in the battery 
mode c? operation. 

John M. R. Bruner, MD 
Groton, Massachusetts 


ANSWER 42: The simplest answer is YES. 
That is. in general it is safer to run all (re- 
charge: ble: battery-powered monitoring de- 
vices cempletely disconnected from the wall 
power/zrounding system (regardless of 
whether the power system is a "grounded" 
circuit or ап "isolated" circuit). Also, it is 
safer NOT to connect such an ECG monitor 
to anotner device, such as a writer which is 
wall powered and/or grounded. 


A more complete answer would be very 
lengthy, since: (1) there are 2 basic types 
of Tektronix ECG monitors (410 and 408/ 
412), which can be hazardous to patient or 
anesthetist in different ways and in differ- 
ing dezrees, depending on the particular 
electrical environment; and (2) detailed 
consideration of the most probable electrical 
faults depends on the type of wall power/ 
grounding system (does it come from an 
isolation transformer or not?). 


The initial answer (yes, it is more dan- 
gerous. is especially true with the type 410 
( oldest model), due mainly to the relatively 
low res:stance between the right leg lead and 
wall ground if the monitor is plugged in. In 
the type 408/412, the patient is highly iso- 
lated from the wall power/grounding sys- 
tem even if the monitor is plugged in; it is 
therefore much safer to operate the 408/412 
in this way than it is the 410. 
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When using the type 410 with a patient 
who can come in contact with a high-voltage 
power source (a faulty cautery, defibrilla- 
tor, or other line-powered device), electrical 
danger to the patient or anesthetist (such as 
a cautery burn at the right leg electrode) is 
minimized by the following: (1) disconnect 
the power cord from the monitor and the 
wall; (2) do not connect the case-grounding 
jack (on the side) to a grounded point; and 
(3) make sure that none of the metal sur- 
faces of the monitors base or mounting 
bracket are touching a grounded ѕштасе 
(such as a metal table or pole mountec on 
conductive wheels in contact with a conduc- 
tive floor). 

Wesley T. Frazier, MD 

A. William Paulsen, MM*c 

Division of Instrumentatien 
and Monitoring 

Department of Anesthesiology 

Emory University School of 
Medicine 

Atlanta, Georgia 


* * 


QUESTION: Is the ASA classification of 
risk considered surgical risk or anesthetic 
risk? 

MD, Missouri 

ANSWER #1: First, there is no ASA classi- 
fication of risk; there is a classification of 
physical status ( PS), suggested for grading 
or rating the preoperative condition of pa- 
tients based on the amount and/or severity 
of disease present. 


Saklad, in 1941, presented a classiáüca- 
tion for physical status containing 6 cate- 
gories, 4 basic, PS 1 through 4, plus 2 addi- 
tional ones, PS 5 апа 6, that were combina- 
tions of the basic ones to be used when a 
patient was to undergo an emergency pro- 
cedure. At some point between 1941 and 
1944, another category, PS 7, for the patient 
who was moribund, was added to the classi- 
fication. Waters and Gillespie? used this 
classification of physical status, and ‘hen 
Dripps’ group,? in 1961, modified the elas- 
sification, by using PS 5 as the category for 
the moribund patient, eliminating PS 6 and 
7 and designating emergency status by using 
the letter E along with the basic PS of the 
patient. It has remained unchanged since 
that time.*.? 


The judgment as to the degree of risx to 
the patient from the surgical procedure or 
the anesthetic depends on circumstances. 
Some years ago it was recognized, and prob- 
ably it is even more true today, that risk 
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from operation involved many variables or 
intangibles that could not be precisely de- 
fined in such a way as to permit evaluation 
of surgical risk. Collins? noted that these 
variables fall into 3 categories: (1) those 
related to the patient; (2) factors related to 
the surgical procedure and operating condi- 
tions; and (3) anesthetic considerations. 
Because it was felt that only the patient, 
with his individual variations, was the sin- 
gle constant factor in the picture, the con- 
sideration was given to a classification for 
the patient based upon his physical condi- 
tion at the time he presented for operation. 


The presently published ASA classifica- 
tions carry brief descriptions, considerably 
less detailed than in Saklad's original work, 
Dripp's group related the PS assigned pre- 
operatively with aspects of postoperative 
mortality. Analysis of the surgical and an- 
esthetic factors for determining the total 
operative risk is well presented by Saklad 
and by Dripps. Another variable of impor- 
tance, usually neglected in such reviews, is 
the matter of the time taken for the proce- 
dure, which may be critical for any patient. 


There does not seem to be a concise an- 
swer to the question of what is anesthesia 
risk and what is surgical risk. The problem 
really is risk for the patient that arises from 
the combination of surgery and anesthesia. 
Preoperative classification of patients ac- 
cording to PS is a valuable tool for the anes- 
thesiologist but is not absolute for any pa- 
tient at all times. In general, the patient 
who is classified as PS 1 or 2 usually will 
tolerate the anesthesia and operation better 
than those rated as PS 3 through 5, but such 
a determination does not guard the patient 
against unforeseen complications or surgi- 
cal and/or anesthetic errors. 

Robert T. Capps, MD 
Portland, Oregon 
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Questions and Answers 


ANSWER #2: Neither! The ASA classifi- 
cation relates to the physical status (PS) 
of the patient and not to risk imposed by 
surgery or anesthesia. 


In 1941, the ASA empowered a committee 
to devise a system for the collection and 
tabulation of data in anesthesia. Saklad, the 
chairman, stated that it was necessary to 
set arbitrary definitions of variables.! At the 
time, “operative risk" was one of the vari- 
ables often considered, and this assessment 
encompassed a number of factors, including 
condition of the patient, operative proce- 
dure, skill of the surgeon, experience of the 
anesthetist, postoperative care, etc. It thus 
became evident that assignment of “орега- 
tive risk" to a patient involved many in- 
tangible variables peculiar to the circum- 
stances prevailing at that moment. This 
committee, therefore, proposed a classifica- 
tion of physical state of the patient, per se, 
with no attempt to prognosticate the influ- 
ence of a surgical procedure or anesthesia. 
The original proposal encompassed 6 PS 
classes, the latter two relating to emergency 
procedures. 


In 1962, the ASA Committee on Clinical 
Anesthesia Study Commissions proposed a 
revision of this classification to encompass 
5 PS classes, each to be preceded with an 
*E" in the event of an emergency opera- 
tion.? The ASA House of Delegates accept- 
ed this proposal (resolution 6) at its an- 
nual meeting in 1962. The transaction was 
reported? in 1962 and also* in 1963. The 
format has continued as the accepted model 
for PS classification. 

Otto C. Phillips, MD 

Division of Anesthesiology 
Western Pennsylvania Hospital 
Pittsburgh, Pennsylvania 


REFERENCES 
1. Saklad M: Grading of patients for surgical 
procedures. Anesthesiology 2:281-284, 1941 


2. Committee on Clinical Anesthesia Study Com- 
missions, Annual Report. ASA Handbook for House 
of Delegates, 507-1.1, p 1, 1962 


3. New Classification of Physical Status. ASA 
Newsletter, December 1962 


4. New Classification of Physical Status. Anes- 
thesiology 24:111, 1963 


QUESTION: Would heavy exposure to anes- 
thetic gases (halothane and methoxyflurane) 
over a period of about 1 month have any 
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effect сп ihe Breathalyzer test given by law- 
enforcement officers? 


MD, Connecticut 


ANSWER #1: 'The standard Breathalyzer 
test for alcohol in exhaled air uses the di- 
chromzte oxidation of alcohol to acetic acid 
in sulfuric acid.! In principle, this test will 
respond to any oxidizable molecule in the 
breath. However, in practice, the rate of 
oxidatien is too slow for any species to be 
detected except alcohols and aldehydes. The 
response of alcohols is twice the response of 
aldehydes, and the relevant concentration in 
breath is several hundred parts per million 
(ppm) The halogenated hydrocarbon and 
halogenated ether anesthetics are present in 
end-expired breath in concentrations below 
1 ppm following routine occupational ex- 
posure. 


Since the breath concentrations of these 
anesthetics is so low and they are less reac- 
tive than alcohol, they should have no no- 
ticeable effect on the Breathalyzer test. 


Thomas H. Corbett, MD 

Research Services 

USVA Hospital 

Ann Arbor, Michigan 
and 

Donald H. Stedman, PhD 

Department of Chemistry 

University of Michigan 

Ann Arbor, Michigan 


REFERENCE 


1. Aleohol and the Impaired Driver. Committee 
of Medi-olegal Problems, American Medical Asso- 
ciation, 1970 


ANSWER #2: The Breathalyzer test detects 
the presence of ethanol vapors in the ex- 
haled alveolar air of a suspected drunk 
driver. The essential reaction is an oxida- 
tion of ethanol, converting a colored di- 
chromete solution to a nearly colorless re- 
duced “orm of chromate іп the presence of 
sulfurie acid. The color difference is quan- 
titated by colorimetry. 


The reaetion is not specific for ethanol. 
Acetone, ether, and paraldehyde can inter- 
fere or give false-positive readings. Blood 
concen rations of 100 to 125 mg % of di- 
ethyl eher are required for a positive reac- 
tion in the Breathalyzer, according to a per- 
sonal communication from LG Porter, Su- 
perviscr, Alcohol Testing, Approval and 
Permit Program, Ohio Department of 
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Health. Such blood concentrations of di- 
ethyl ether are anesthetic and will not be 
encountered in someone who is able to drive. 
We believe that the biotransformatiom of 
diethyl ether to ethanol contributes to the 
positive Breathalyzer test during ether anes- 
thesia. 


Only minute, albeit persistent, amounts of 
volatile anesthetics are exhaled after OR 
work. Methoxyflurane concentrations of less 
than 1 ppm have been found in the exhaled 
air of anesthesiologists for as long as 30 
hours after giving methoxyflurane anesthe- 
sia,! and halothane is exhaled for at East 
6 days after exposure to trace concentra- 
tions.” 


The effect of occupational exposure to 
halothane and methoxyflurane on the 
Breathalyzer test is not known. When de- 
termining the degree of exposure from post- 
exposure analysis of breath, 4 variables must 
be considered: concentration, length of ex- 
posure, amount in breath after exposure, and 
period of time after exposure. Taking these 
factors into consideration, it is unlikely 
that more than 10 ppm of halothane and 
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more than 1 ppm of methoxyflurane can be 
found on the breath of an anesthesiologist 
driving a car. 


To determine whether such concentra- 
tions of halothane or methoxyflurane can 
give a reading on the Breathalyzer test, we 
prepared these samples: halothane 1 ppm 
and enflurane 1 ppm, halothane 10 and 100 
ppm, and methoxyflurane 1 ppm, diluted in 
room air, injecting 30 ml of each into the 
Breathalyzer. In no case was a color change 
seen in the reagent solution. 


R. L. Hall, MD 

H. F. Cascorbi, MD, PhD 

Department of Anesthesiology 

Case Western Reserve 
University Hospitals 

Cleveland, Ohio 


REFERENCES 


1. Whitcher CE, Cohen EN, Trudell JR: Chronic 
exposure to anesthetic gases in the operating room. 
Anesthesiology 35:348-353, 1971 


2. Cascorbi HF, Blake DA, Helrich M: Differ- 
ences in biotransformation of halothane in man. 
Anesthesiology 32:119-123, 1970 


Scientific 
Articles 
Sept.-Oct., 1976 


RELATION OF Paco. TO FRESH GAS FLOW IN A CIRCLE SYSTEM—Xcr chan Patel, M.D., Edward J. Bennett, M.D., 
Ernest M. Grundy, F.F.A.R.C.S., and Artemio Ignacio, Jr., M.D., Chicago, Illinois. 

SODIUM NITROPRUSSIDE-INDUCED HYPOTENSION FOR SUPINE TOTAL HIP REPLACEMENT—Noel W. Lawson, 
M.D., Dola S. Thompson, M.D., Carl L. Nelson, M.D., Joan W. Fiaexe, M.D., and Edward R. North, M.D., Little 
Rock, Arkansas. 

CHANGE IN PULMONARY VENOUS ADMIXTURE WITH VARYING INSP RED OXYGEN—Michael E. Douglas, Major, 
USAF (MC), John B. Downs, M.D., Francis J. Dannemiller, Colonel, USAF (MC), Michael R. Hodges, and Edwin S. 
Munson, M.D., Lackland AFB, Texas and Gainesville, Florida. 

MAINTENANCE OF BODY TEMPERATURE BY HEATED HUMIDIF!CA ION—Henry C. Tausk, M.D., Raymond Miller, 
M.D., and Robert B. Roberts, M.D., New York, New York. 

MASSIVE MYOGLOBINURIA PRECIPITATED BY HALOTHANE AND SUCCINYLCHOLINE IN A MEMBER OF A FAMILY 
WITH ELEVATION OF SERUM CREATINE PHOSPHOKINASE—Willicm E. Moore, M.D., Robert L. Watson, M.D., 
and James J. Summary, Ph.D., Honolulu, Hawcii. 

EPIDEMIOLOGIC ANSWERS TO LABORATORY GUESTIONS IN ENVIRONMENTAL CANCER — Irving J. Selikoff, M.D. 
New York, New York. 

PANEL: 

ANESTHESIA FOR THE PATIENT WITH CARDIAC DISEASE—Emerson A. Moffitt, M.D., Halifax, Nova Scotia, Canada. 

PREOPERATIVE EVALUATION OF THE PATIENT WITH HEART DISEASE — Alan H. Goldberg, M.D., Boston, Massa- 
chusetts. 

ANESTHETIC MANAGEMENT—Wendell C. Stevens, M.D., San Franciseo. California. 

DRUGS IN CARDIAC SUPPORTIVE CARE—Roger D. White, M.D., Rochester, Minnesota. 

ANESTHESIA FOR PATIENTS WITH PACEMAKERS—J. Earl Wynends. *.D., Montreal, Quebec, Canada. 

ANESTHESIA AFTER RECENT INFARCTION—Emerson A. Moffitt, M.D., Halifax, Nova Scotia, Canada. 

HALOTHANE MAC IN DOGS UNCHANGED BY PHENOBARBITAL—Oscar Viegas, M.D., and Robert K. Stoelting, M.D., 
Indianapolis, Indiana. 

A PREPLANNED TREATMENT FOR MALIGNANT HYPERPYREXIA—Johr C. Fraser, M.D., Robert S. Crumrine, M.D., 
and Robert J. Izant, Jr., M.D., Cleveland, Ohio. 

CLINICAL USE OF ETOMIDATE FOR ANESTHESIA INDUCTION: A PRELIMINARY REPORT—Robert J. Fragen, M.D., 
Nancy Caldwell, CRNA, and Edward A. Brumner, M.D., Ph.D., Chicage, Illinois. 

HYPERTENSION AND DECREASED RENAL BLOGD FLOW FOLLOWING METHYLENE BLUE INJECTION—Alexander A. 
Birch, M.D., and William H. Boyce, M.D., Winston Salem, North Carolina. 

EFFECT OF MORPHINE-DIAZEPAM ON AWARENESS AND DREAMS ОР PATIENTS UNDER NITROUS OXIDE ANES- 
THESIA FOR CESAREAN SECTION—Ezzat Abouleish, M.B., and “lord Н. Taylor, Sc.D., Pittsburgh, Pennsylvania. 

ABSENCE OF RECALL AFTER GENERAL ANESTHESIA: IMPLICATION: FOR THEORY AND PRACTICE — Stephen L. 
Dubovsky, M.D., and Robert Trustman, Ph.D., Denver, Colorade. 

ANESTHESIA FOR VANISHING LUNG SYNDROME: REPORT OF A CASE — Nelson Isenhower, M.D., and Roy F. 
Cucchiara, M.D., Rochester, Minnesota. 

NEUTROPHIL CHEMOTAXIS DURING AND AFTER GENERAL ANESTEZSLA AND OPERATION-—— Theodore Н. Stanley, 
M.D., Harry Hill, M.D., and Gary E. Hill, M.D., Salt Lake City, Utak. 

THE EFFECTS OF HEPARIN ON RECOVERY FROM ISCHEMIC BRAIN INJURIES IN CATS—Edward Н. Stullken, M.D., 
and Martin D. Sokoll, M.D., lowa City, lowa. 

ADVANCES IN PREANESTHETIC EVALUATION AND MANAGEMENT OF & ALIGNANT HYPERTHERMIA IN THE EXPERI- 
MENTAL MODEL—Charles E. Short, D.V.M., Robert В. Paddleferd. D.V.M., Charles J. McGrath, D.V.M., and 
Charles H. Williams, Ph.D., Columbia, Missouri. 

EARLY REVERSAL OF POSTOPERATIVE HYPOXEMIA—A. Eugene Pflug, M.D., Michael J. Lindop, M.D., Terrance M. 
Murphy, M.D., Geordis M. Aasheim, M.D., and Harold A. Beck, E.S., Seattle, Washington. 

A COMPARATIVE INTERACTION OF EPINEPHRINE WITH ENFLURANE, ISOFLURANE AND HALOTHANE IN MAN— 
Richard R. Johnston, M.D., Edmond І. Eger 11, M.D., and Charle- Wilson, M.D., San Francisco, California. 
TRAIN-OF-FOUR FADE AND EDROPHONIUM ANTAGONISM OF NEUROMUSCULAR BLOCK BY SUCCINYLCHOLINE 

IN MAN—Chingmuh Lee, M.D., Torrance, California. 

THOUGHTS ABOUT MEDICAL WRITING—Charles‘G. Roland, M.D., Rochesser, Minnesota. 

CASE HISTORY #92: PROLONGED APNEA AFTER SUCCINYLCHOLINE IN A DENTAL OUTPATIENT — Richard С. 
McLaren, M.D., and Emerson A. Moffitt, M.D., Halifax, Nova Scotic. Canada. 

BRIEF REPORTS: 

A PEEP DEVICE FOR A MANUAL BAG VENTILATOR—Azriel Perel, M D. Dan Eimerl, M.D., and Morris Grossberg, 
IRIT, Jerusalem, Israel. 

A SAFETY VALVE FOR THE PEDIATRIC REES SYSTEM—Sivam Remenathan, M.D., Jack Chalon, M.D., and Herman 
Turndorf, M.D., New York, New York. 

HAZARDS OF DISPOSABLE REBREATHING CIRCUITS—James E. Cottrell M.D., William Bernhard, M.D., and Herman 
Turndorf, M.D., New York, New York. 

THE TRACHEAL BRONCHUS: AN UNUSUAL AIRWAY PROBLEM — Tamerisa Venkateswarlu, M.D., Cecil J. Turner, 
M.D., James D. Carter, M.D., and Dean Н. Morrow, M.D., Houston, Te«cs. 

A PRECORDIAL ECG LEAD FOR CHEST OPERATIONS—Brian Dalton, MID, Boston, Massachusetts. 

INNOMINATE ARTERY COMPRESSION SIMULATING CARDIAC ARREST DLR МС MEDIASTINOSCOPY: A CASE REPORT 
—Jae-Hwan Lee, M.D., and Anthony Salvatore, M.D., White Plains, Mew York. 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites manuscripts on subjects 
pertinent to the specialty of Anesthesia. 


Send manuscripts and illustrations in 
triplicate to: 


T. H. Seldon, MD, Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901 


Four categories of reports will be consid- 
ered for publication. 


1. Original articles describing clinical or 
laboratory research. 


2. Brief Reports describing new anesthetic 
technics, equipment, clinical, or laboratory 
studies. 


3. Case Reports. 
4. Letters-to-the-Editor. 


EDITORIAL POLICIES 


Peer review.—All papers submitted are 
reviewed by selected referees with respect to 
validity, pertinence, completeness, and orig- 
inality. If accepted for publication, ed:tor- 
1а1 revisions may be made to aid clarity and 
understanding. Edited copy will be sub- 
mitted to authors for approval before the 
paper goes to the printer. Pageproofs also 
will be submitted to the authors for final 
approval. Reprint order forms will accom- 
pany pageproofs. 


Cover letter—A letter must accompany 
each manuscript, stating that the work has 
not been simultaneously submitted to an- 
other journal or previously published in part 
or whole. The name and address of the 
author to whom correspondence may be di- 
rected should be given. 


Legal and ethical considerations.—Infor- 
mation or illustrations which might permit 
identification of patients must not be used. 


Reports describing data from experiments 
performed on humans must contain a state- 
ment in the Methods section, when appro- 
priate, that written informed consent and/or 
institutional approval of the investigation 
has been obtained, and that procedures in- 
volving the use of animals was conducted so 
as to minimize discomfort. 


Excerpts from material published else- 
where must be accompanied by written per- 
mission from the author and publisher to 
reproduce the material. 


JOURNAL STYLE 


Format.—All portions of the manuscript 
should be typewritten and double-spaced, 
including lists of reference citations. Each 
component of the paper (title page, with 
authors' academic rank and addresses, In- 
troduction, Methods, Results, Discussion, 
References, Legends) should begin on a 
separate page. Original articles must be pre- 
ceded by an Abstract concisely describing 
the purpose, methods, results, and conclu- 
sions. Abstracts should not exceed 1 type- 
written page in length. Brief Reports and 
Case Reports do not require an Abstract, 
but a Summary at the end may be appro- 
priate. 


Original articles should be concise (not 
over 3000 words) and present new informa- 
tion pertinent to anesthesia. Preliminary re- 
ports or fragments of material that may bet- 
ter be included in a single, more detailed, 
report should not be submitted. Brief Re- 
ports describing new equipment or technics 
should present new advances, with advan- 
tages over the alternatives. Descriptions of 
new equipment must be sufficient to permit 
the reader to either construct or purchase 
the equipment. Case Reports should empha- 
size important clinical conditions or varia- 
tions in typical patient responses. Letters-to- 
the-Editor must be brief (250-500 words) 
and should offer constructive comments on 
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recently published articles or discuss areas 
of general interest to anesthesiologists. 


Measurement units.—The metric system 
should be used for all such data as length, 
mass, volume, and temperatures. Torr 
should be used in place of mm Hg for par- 
tial pressures. Authors are encouraged to 
adopt the International System of units 
( moles per liter rather than mg percent) for 
concentrations or amounts of substances. 
(See Padmore GRA, Nunn JF: SI Units 
in relation to anaesthesia. A review of the 
present position. Br J Anaesth 46:236-243, 
1974). 


Drug names.—Generic or chemical drug 
names are required. Brand names may be 
inserted in parentheses after the generic 
name, if pertinent. 


Abbreviations.—The first time an abbre- 
viation appears it should be preceded by the 
full word it represents. 


Respiratory symbols.—Symbols for re- 
spiratory physiology should be defined the 


first time used and should follow Pappen- 
heimer -J et al: Standardization of defini- 
tions ard symbols in respiratory physiology. 
Fed Prec 9:602-605, 1950. 


References. — References should corre- 
spond to Index Medicus style and should 
be listed in the same numerical order as 
they appear in the text. Reports that are 
not accessible to all readers or that have not 
undergcne editorial review (abstracts, cor- 
respondence, or personal communications) 
should aot be included in numerical listings 
but ma- be footnoted. They should include 
pertinent addresses as well as source and 
authors names. 


Illustraiions.—Drawings and photographs 
(unmounted glossy prints) should be num- 
bered i» order of appearance in the manu- 
script aad labeled on the back with the first 
author’s name and indicate the top edge of 
the picmire. 


Tables.—' These should carry a title or 
caption and should supplement, not dupli- 
cate, е text. 





Metric Conversion 


HEIGHT WEIGHT 

Cm Feet Inches (approx.) 

15 Do. Sin Kilograms Pounds 
30 Uf OQ in. 1 2.2 
45 tt Bins 5 11 
60 bf o TW dw 10 22 
75 2 ft. 5V in. 15 33 
105 эн. — 5 in. 20 44 
115 зн. 29 n. 25 55 
120 н. 711 1n 30 66 
125 4 ft. d in. 35 77 
130 4 ft. 3 in 40 88 
135 4 ft. 5 in 45 99 
140 48. 7 in 50 110 
145 4 ft. 9 in. 55 121 
150 4 ft. 11 fn 60 T32 
155 $5 H.- d d 65 143 
160 5 ft. 3 in. 70 154 
165 Sts Sin 75 165 
170 5 ff. 27 in. 80 176 
175 5 ft. 9 in 85 T87 
180 $ ft. — 11 in 90 T98 
185 6 ft. 11а, 95 209 
190 6 ft... 3 n. 100 220 
195 6 ft. 5 in. 105 231 
200 6 ft. 7 in. 110 242 
205 6 ft. 9 in. 115 753 
210 6н. 11 in 120 254 
215 a tt 1 in 125 275 


APPRODWMATE CONVERSIONS FROM METRIC MEASURES 























Symbo! When You Know Multiply by To Find —— Symbol 
EM LENGTH 2. 

mm millimeters 0.04 inches in 

cm zenlimeters 0.4 inches in 

m meters 3.3 feet ft 

m meters 1.1 yards yd 

km є Пете!егѕ 0.6 miles mi 

Symbol When You Know —— Multiply by To Find Symbol 
E MASS (weight) 

9 arams 0.035 ounces or 

kg lograms 22 pounds Ib 

t “onnes (1000 kg.) Tsk short tons 

Symbol When You Know Multiply by To Find Symbol 
_ TEMPERATURE (exact) 

oF =ahrenheit 5/9 (after Celsius ec 


subtracting femperature 


temperature 








VoLUME 55, No. 4, Juty-Aucust, 1976 


(35) 


A quick recovery’ 
anesthetic 
for short surgical procedures 


Ethrane’ (enflurane) fulfills your anesthetic require- 
ments for short surgical procedures. 


Fast Induction, Rapid Recovery. The lo. blood/ 
gas partition coefficient of ETHRANE (1.91 at 37°C) 
assures rapid patient induction with minimal e—itation. 
Its mild, pleasant odor is highly acceptable and 
ETHRANE does not stimulate increased salivatn or af- 
fect bronchomotor tone.' Pharyngeal and lary .geal re- 
flexes can be quickly and easily obtunded. Follewing 
anesthesia, because of its low blood solubility, 
ETHRANE is promptly eliminated at the lunge permit- 
ting rapid emergence and recovery.” 


Stable Cardiac Rhythm. Cardiac rhythm и<=лайу re- 
mains normal during ETHRANE anesthesia a d is not 
altered even with elevations in arterial carbon dioxide.’ 
Although nodal or atrial arrhythmias occasio ally ap- 
pear, ventricular extrasystoles are rare. Heart ге is sus- 
tained at preanesthetic levels. Bradycardia or tachycardia 
do not normally occur. Blood pressure tends » be re- 
duced with induction, but this effect is reversed with sur- 
gical stimulation.* 


Excellent Muscle Relaxation. At clinical cancentra- 
tions, ETHRANE usually provides muscle r-lzxation 
sufficient for lower abdominal procedures. In addition, 
relaxation is often adequate for procedures of the upper 


abdemen. If greater relaxation is required, its potentia- 
tion of nondepolarizing relaxants reduces the dosage of 
such adrunctive neuromuscular blocking agents.* 


Few Anesthetic Aftereffects. Following cessation of 
anesthe-ia with ETHRANE, recovery is rapid, unevent- 
ful, and&comolete. Postoperative return of adequate pul- 
monary ventilation is rapid.' Nausea, vomiting, and 
delirium are rare. Usually there is an early return of 
lucidity desire for fluids, and generally a feeling of well- 
being. 





WALNING: Motor activity exemplified by move- 
теп! of various muscle groups and/or seizures may 
be excourtered with deep levels of ETHRANE (en- 
Вигате) anesthesia. For additional warnings, contrain- 
dications, and precautions, see following page. 





Films Available for Medical Education. As a serv- 
ice to the anesthesia profession, Ohio Medical Products 
has available, without charge, motion pictures for use in 
continu:ng medical education. Topics include such areas 
as “Management of Ambulatory Surgical Procedures" 
and “The Use of ETHRANE.” To arrange for a personal 
or group shewing, contact your OHIO Anesthetic Rep- 
resentaave, or write to our Communications Department 
in Madison, Wisconsin. 


Ethrane 
(enflurane) 


Versatile in Concept-Versatile in Performance 


Ohio Medical Products 


3030 AIRCO DRIVE 
MADISON. WISCONS М 53701 


Anco’ 


See following page for full disclosure 


Г. ® 
Ethrane (enflurane) Versatile in concept... Versatile in performance. 


CAUTION: Federal Law Prohibits Dispens- 
ing without Prescription 


Description: ETHRANE (enfiurane) is a 
nonflammable anesthetic agent. It is 
2-chloro-1,1,2-trifluoroethyl difluoromethyl 
ether, and its structural formula 15: 


CIF 
ie -H 
Some physical constants of the compound 
are: 


Molecular weight 184.5 
Boiling point 760 
mm Hg. 56.59C 


Refractive index п? 1.3026-1.3030 


Specific gravity 


259/259C 1.517 
Vapor pressure in 

mm Hg.** 209C 174.5 

259C 2177 

369C 345.2 


**Equation for calculation of enflurane 
vapor pressures: 


B A = 7.967 
logo P=A+ © В = – 1678.4 
T Т = °C + 273.16 (Kelvin) 
Partition coetticients @ 37°C 
Water-gas 3 
Blood-gas 1.91 
Oil-gas 98. 
Partition coefficients (9 25°C— 
rubber and plastic 
Conductive rubber 74.0 
Butyl rubber 90.0 
Polyvinylchloride 120.0 
Polyethylene v2.0 
Polyurethane ~15 
Polyoletin 1.2 
Butyl acetate ~3.0 
Solubility of enflurane 
in H20 at 22°C 0.275% 
Solubility of H20 in 
entlurane 0.13% 
Purity by gas 
chromatography >99.9% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to 
saturation at 71 and 113°F 
and 743 mm Hg. pressure.) 

M.A.C. (Minimum alveolar concentration) 


Man with pure oxygen 1.68 
Man with 7096 nitrous oxide 
0.56 (est.) 


ETHRANE is a clear, colorless, stable 
liquid without added chemical stabilizers 
ETHRANE has a mild, sweet odor. Storage 
of samples in indirect sunlight in clear, 
colorless glass for a live year period, as 
well as direct exposure for 30 hours to a 
2 amp, 115 V., 60 cycle long wave UV. 
light, produced no changes in composition 
detectable by gas chromatography. 
ETHRANE in one normal sodium methoxice- 
methanol solution, a strong base, for over 
six months consumed none of the alkali, 
indicative of strong base stability. 
ETHRANE does not decompose in contact 
with soda lime. ETHRANE does not attack 
aluminum, tin, brass, iron or copper. 


Actions: ETHRANE (enflurane) is an in- 
halation anesthetic. Induction and re- 
covery from anesthesia with ETHRANE are 
rapid. ETHRANE does not appear to stim- 
ulate excess salivation or tracheobronchial 
secretions, or affect bronchomotor tone. 
Pharyngeal and laryngeal reflexes are 
readily obtunded. The_level of anesthesia 
changes rapidly with ETHRANE. ETHRANE 
reduces ventilation as depth of anesthesia 
increases. ETHRANE provokes a sigh re- 
sponse reminiscent of that seen with di- 
ethyl ether. 

There is a decrease in blood pressure 
with induction of anesthesia, followed by 
a return to near normal with surgical stimu- 
lation. Progressive increases in depth of 
anesthesia produce corresponding in- 
creases in hypotension, Heart rate remains 
relatively constant without significant 
bradycardia. Electrocardiographic monitor- 
ing or recordings indicate that cardiac rhy- 
thm remains stable. Elevation of the carbon 
dioxide level in arterial blood does not 
alter cardiac rhythm. ETHRANE sensitizes 
the myocardial conduction system to epine- 
phrine in dog and can produce serious 
arrhythmias. Comparable information in 
man is not available. 


Muscle relaxation ts adequate for intra- 
abdominal operation at normal levels of 
anesthesia. Should greater relaxation be 
necessary, mmimal doses of muscle relax- 
ants may be used. All commonly used 
muscle relaxants are compatible with 
ETHRANE. The nondepolarizing muscle 
relaxants are markedly potentiated. Neo- 
stigmine does not reverse the direct effect 
of ETHRANE. 


Biotransformation of ETHRANE (enflu- 
rane) in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These 
levels are weil below the 50 mM/L seen to 
produce rena! damage in normal subjects; 
however, it is possible that these levels 
Could result ап damage in patients with 
severely impaired renal function or those 
undergoing renal transplantation 


Indications: ETHRANE (enflurane) may be 
used for induction and maintenance of 
general anesthesia. Adequate data have 
not been developed to establish its appli- 
cation in obstetrical anesthesia. 


Contraindications: Seizure disorders (see 


WARNINGS). 
Known sensitivity to ETHRANE (enflu- 
rane) or other halogenated anesthetics. 


Warnings: Increasing depth of anesthesia 
with ETHRAHE (enflurane) produces à 
change in the electroencephalogram char- 
acterized by nigh voltage, fast frequency, 
progressing through spike-dome complexes 
alternating with periods of electrical si- 
lence to frank seizure activity. The latter 
may or may not be associated with motor 
movement Motor activity, when encoun- 
tered. genera ly consists of twitching Or 
‘Jerks’ of venous muscle groups, it 15 
self-limiting and can be terminated_ by 
lowering the anesthetic concentration. This 
electroencephalographic pattern associ- 
ated with deep anesthesia is exacerbated 
by hyperventidation producing low arterial 
carbon dioxide tension. The pattern serves 
as a warning that depth of anesthesia is 
excessive. Cerebral blood flow and metabo- 
lism studies п normal volunteers during 
seizure patterns show no evidence of cere- 
bral hypoxia, and recovery appears to be 
uncomplicatee. 

Since levels of anesthesia may be altered 
easily and rapidly, only calibrated vapor- 
izers which measure output with reasonable 
accuracy should be used. Hypotension and 
respiratory exchange can serve as a guide 
to anesthesia depth. With deep levels of 
anesthesia, more marked hypotension and 
respiratory depression are encountered. 


The action of nondepolarizing relaxants 
is augmented by ETHRANE. Less than the 
usual amounts of these drugs should be 
used. The tme for recovery from the 
myoneural efect of these relaxants 15 
greater in the presence of ETHRANE than 
for other commonly used anesthetics 

The satety of the use of epinephrine 
topically and subcutaneously has not been 
established in man. 


Usage in Pregnancy: Safety in pregnancy 
has not beer established. Reproduction 
studies have been performed in rats and 
rabbits, and tere is no evidence of harm 
to the animal fetus. The relevance of these 
studies to the human is not known, Since 
there is no adequate experience in preg- 
nant women who have received the drug. 
safety in preanancy has not been estab- 
lished 


Precautions: Bromsulfalein (BSP) reten- 
tion is mildly elevated postoperatively in 
some cases. There is some elevation of 
glucose and white blood count intraopera- 
tively Glucose elevation should be con- 
sidered in diabetic patients. ETHRANE 
(enllurane) should be used with caution in 
patients who эу virtue of medical or drug 
history could be considered more suscepli- 
ble to cortical stimulation produced by this 
drug As with other general anesthetics and 
some muscle relaxants, hyperpyrexia has 
been observed with the use of ETHRANE. 


Adverse reactions: 1. Motor activity ex- 
emplified by movement of various muscle 
groups and/c seizures may be encoun- 
tered with deep levels of ETHRANE (en- 
flurane) anesthesia. 2. Hypotension and 
respiratory depression have been reported 
3. Arrhythmias, shivering, nausea, and 
vomiting have been reported. 4. Elevation 
of the white blood count has been ob- 


served. It has not been determined whether 
this is related to ETHRANE or to surgical 
stress. 


Dosage and administration: The concentra- 
tion of ETHRANE (enflurane) being de- 
livered during anesthesia from a vaporizer 
should be known. This may be accom- 
plished by using: 
a) vaporizers calibrated specifically for 
ETHRANE; 
b) vaporizers from which delivered flows 
can easily and readily be calculated 
Maintenance concentration should not 
exceed 3%. Premedication should be se- 
lected according to the need of the indi- 
vidual patient, taking into account that 
secretions are weakly stimulated by 
ETHRANE and the heart rate remains con- 
stant. The use of anticholinergic drugs is 
a matter of choice 


Induction: Induction may be achieved us- 
ing ETHRANE alone with oxygen or in com- 
bination with oxygen-nitrous oxide mix- 
tures. Under these conditions some excite- 
ment may be encountered. If excitement is 
to be avoided, a hypnotic dose of a short- 
acting barbiturate should be used to in- 
duce unconsciousness, followed by the 
ETHRANE mixture. In general, inspired 
concentrations of 3 5-4 5% ETHRANE pro- 
duce surgical anesthesia in 7-10 minutes 


Maintenance: Surgica! levels of anesthesia 
may be attained with 1.5-3.0% concentra- 
tion. If added relaxation is required, sup- 
plemental doses of muscle relaxants may 
be used. Ventilation to maintain the ten- 
sion of carbon dioxide in arterial blood in 
the 35-45 mm range is preferred to hyper- 
or hypoventilation in order to minimize pos- 
sible CNS excitation. 

The level of blood pressure during main- 
tenance is an inverse function of ETHRANE 
concentration in the absence of other com- 
plicating problems. Excessive decreases 
(unless related to hypovolemia) may be due 
to depth of anesthesia and in such in- 
stances should be correctec by lightening 
the level of anesthesia. 


Overdosage: In the event of overdosage, 
or what may appear to be overdosage, the 
following action should be taken 
Stop drug administration; establish that 
the airway is clear and initiate assisted 
or controlled ventilation with pure oxygen 
as circumstances dictate 


Administration equipment: ETHRANE (en- 
flurane) may be administered from a flow- 
through type vaporizer manufactured and 
specifically calibrated for ETHRANE. Va- 
porizers which deliver saturated vapor at 
reasonable flows but are not specifically 
calibrated for ETHRANE may be used. 


ETHRANE contains no stabilizer, Nothing 
is present in the agent to alter calibration 
or affect the operation characteristics of 
the vaporizer. 


Packaging: ETHRANE (enflurane) is pack- 
aged in 125 and 250 ml. amber bottles. No 
additives or stabilizers are present. 
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THE 
VULNERABLE 


Lacri-Lube" protects the vulnerable eye of the anesthetized patient. 

The under-protected eye is threatened during general anesthesia. Tape alone can 

leave your patient's eye vulnerable to dehydration and corneal erosion. And with 
ted ointments, you unnecessarily risk allergic reactions and possible long-term 
ization. 

Lacri-Lube meets your need for a safer, more soohisticated method of protecting 
and lubricating the eye. Either on its r as an adjunct to taping. It's the first non- 
medicated, sterile ophthalmic ointment specifically des gned to lubricate and protect the 
eye — and do nothing more. 

In fact, ophthalmologists have established Lacri-Lube as their lubricant-protectant of 
choice whenever an eye is jeopardized by exposure omdehydration. And the rapid increase 
in its M use indicates that Lacri-Lube fulfills the same need among anesthesiologists. 

Lacri-Lube is the ophthalmic for anesthesia. = 

When you consider the alternatives, уасп- “Lube 

you can't make a better choice. A\IERCAN Р bd 





ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why meo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 


Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered anoxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene, dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving cheline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 

IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 

Greene, L. T.: Physostigmine treatment of anti- 
cholinergic drug depressionin postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 

Slovis, T. L., Ott, J. E., Tietelbaum, D. T., and Lips- 
comb, W.: Physostigmine therapy in acute tricyclic 


antidepressant poisoning. Clinical Toxicology, 
4:451, 1971. 


DRUGS AND CHEMICALS CAPABLE OF PRODUCING ANTICHOLINERGIC POISONING: 


AMITRIPTYLINE 
(Elavil, Triavil, 
Etrafon) 
ANISOTROPINE 
METHYLBROMIDE 


DICYCLOMINE 
DIPHENHYDRAMINE 
DOXEPIN 

(Sinequan) 
HOMATROPINE 
HYOSCINE 
HYOSCYAMUS 
IMIPRAMINE 

(Tofranil, Presamine) 
ISOPROPAMIDE 
MEPENZOLATE 


ATROPINE 
BELLADONNA 
BENACTYZINE 
CHLORPHENIRAMINE 
CYCLOPENTOLATE 


DESIPRAMINE 
(Norpramin, 
Pertofrane) 





METHANTHELINE 
METHAPYRILENE 
NORTRIPTYLINE 
(Aventyl) 
PIPENZOLATE 
BROMIDE 
(Piptal) 
PROPANTHELINE 
PROTRIPTYLINE 
(Vivactil) 
PYRILAMINE 


SCOPOLAMINE 
STRAMONIUM 
PHENOTHIAZINES 
TRICYCLIC 
ANTIDEPRESSANTS 
(Aventyl, Elavil, 
Etrafon, Norpramin, 
Pertofrane, 
Presamine, Tofranil, 
Triavil, Vivactil) 
THIORIDAZINE 
(Mellaril) 
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ANESTHESIOLOGIST — markedly expanding 
academic medical center located in attractive 
Midwestern setting requires additional senior 
and junior faculty; Board certification and 
teaching experience necessary; salary from 
$45,000-$75,000 with extraordinary fringe ben- 
efit program. Inquiries with curriculum vitae 
to Box 5-76-B in care of I.A.R.S. 





ANESTHESIOLOGIST: Board certified/eligi- 
ble to join newly formed group of anesthesi- 
ologists and nurse anesthetists in New Orleans. 
Fee for service private practice at 650-bed 
general hospital and newly opened Pediatric 
hospital. Write or call Metropolitan Anesthesia 
Associates, 4520 Melpomene, New Orleans, La. 
70185. (504) 822-9331. 





ANESTHESIOLOGIST—to join staff in new 
400+ bed university affiliated teaching hospi- 
tal in large metropolitan area. Candidates must 
be licensed or eligible for licensure in the state 
of Minnesota at the time they are accepted 
for employment. Salary commensurate with 
experience. For further information contact: 

Irving Greenfield, Chief of Service 

Dept. of Anesthesia 

Hennepin County Medical Center 

5th and Portland 

Minneapolis, MN 55415 





FACULTY POSITIONS 
Department of Anesthesiology, Charity Hos- 
pital, New Orleans, affiliated with LSU and 
'Tulane Medical Schools, has three faculty posi- 
tions open for board certified/eligible anesthe- 
siologists at Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 





DENTAL ANESTHESIOLOGY RESIDENCY 
Available to dentists who have completed no 
less than one year of an approved internship 
ia Tesidency, Stipend: $15,400 at first year 
evel. 

For further details write to: Dr. Leon Eisen- 
bud, Chairman, Department of Dentistry, Long 
Island Jewish-Hillside Medical Center, New 
Hyde Park, New York 11040. 


MARYLAND: Positions on the Anesthesia 
Staff at Baltimore City Hospitals. Excellent 
fringe benefits and salary. Residency fully in- 
tegrated with the Johns Hopkins Medical 
School program. Send CV to Peter Chodoff, 
M.D., Anes-in-Chief, Baltimore City Hospitals, 
4940 Eastern Ave., Baltimore, Maryland 21224. 


Rates for classified advertising are $3.00 per 

















































PSDIATRIC ANESTHESIOLOGY 
RESIDENCY 


Caildrens Hospital of Los Angeles 


Three-paase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 
dren. 

AMA a»proval for third-year residency. Posi- 
tions avaiable from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

Tead, Division of Anesthesiology 
Zhildrens Hospital of Los Angeles 
1650 Sunset Boulevard 

-os Angeles, California 90054 


Эһопе (213) 660-2450, Ext. 2262 





NEBRASKA Opportunity for Anesthesiolo- 
gist in 450-bed acute care, teaching hospital 
affiliate: with two medical schools; must be 
board certified or eligible, salary commensurate 
with edweation and experience. An equal oppor- 
tunity employer. Contact J. J. Matoole, M.D., 
Chief o: Staff, Veterans Administration Hos- 
pital, 4101 Woolworth Avenue, Omaha, Nebras- 
ka 6810s. (402) 346-8800, Ext. 442. 





5th ANESTHESIOLOGIST—Board certified/ 
eligible. To join hospital based group with 
new OR in modern 250-bed community hospi- 
tal. Ex-ellent opportunity. Send CV to Ray- 
mond E Bredley, M.D., Chief Anesthesiologist, 
The Grffin Hospital, 130 Division St., Derby, 
Conn. 0-418. Equal opportunity employer. 





DIRECTOR OF PULMONOLOGY 


Respons bility will include developing, super- 
vising and directing acute and chronic pulmo- 
nary se-viees for 376-bed acute hospital and 
230-bed long term care hospital. Will assist to 
develop mew services to improve pulmonology 
accessib lity to our patients and to physicians 
and pat=nts of contracting health care institu- 
tions ın the area. Position requires a Board 
Certifiec Pulmonologist. Please direct inquiries 
to: Dr. Tohr Hoesing, Chairman, Pulmonology 
Director Search Committee, 

Nebraska Methodist Hospital 

830) Dodge Street 

Omaha, Nebraska 68114 

(402) 397-3000 

£ n Equal Opportunity Employer 





ACADEMIC ANESTHESIOLOGIST 


Top acedemic salaries in country, rank com- 
mensurzte with vitae, any experience level con- 
sidered, must be A.B.A. certified, type of as- 
signmerz dependent on interest but especially 
seeking -ardiovascular and O.B. experience, re- 
search coportunities also available. Send Vitae, 
date of availability, and list three references. 
Contact Box 7-76-A, c/o L A.R.S. 


line, mirimum 5 lines. Box number ads $3.50 


per line. Classified Display rates om request. Copy deadline 6 weeks prior to publication. Do 
not submit payment with order; invoices will be sent fcr payment prior to publication. Ad 
copy, subject to acceptance by publisher, should be mai ed to: Anesthesia and Analgesia... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 


Thelocal that 
gives you the longest 
. anesthesia 
gives your patient 
longer postoperative 
analgesia. 


Marcaine: hydrochloride (brand of bupivacaine 
hydrochloride) —available with or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the problems 
of “continuous” technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 


Extended anesthesia for 
the surgeon 


In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia at least 12 to 2 
times longer than lidocaine or 
mepivacaine. And approximately 
20% longer than tetracaine. 

In fact, anesthesia may extend up 
to 9 hours for peridural block and 
up to 12 hours for peripheral nerve 
block. This has been established 
in several thousand surgical and 
obstetrical patients. '* 

In fact, a single Marcaine epi- 
dural injection, with or without 
epinephrine, may be enough for up 
to 312* or more? hours of anesthesia 
for surgery, and often provides 
analgesia that carries over into the 
recovery room and beyond. When 
necessary, doses may be repeated 
up to once every three hours. Cau- 
tion is advised in administration of 
repeat doses to patients with severe 
liver disease. Until further experi- 
ence is gained, total daily dose of 





400 mg. should not be exceeded nor 
is administration to children under 
12 recommended. Also see epi- 
nephrine warnings and precautions 
statements on next page. 

This longer anesthetic action can 
minimize problems of “continuous” 
technique or repeat doses. Thus, 
there is the further advantage of a 


reduced likelihood of introducing 

infection since injections are less 

frequent.® 

Chart I 

Duration of anesthesa 

Percentage of patients ехретіс cing 
anesthetic effect— 
Comparison of Marcaine with 
epinephrine and other bead 
anesthetic/ epinephrine preparations* 





% of patients experiencing anesth=tic=ffect 
(at least six hours after injection) 


100- = Marcaine 95 ps. 

= Tetracaine 96 pts. 
~ Mepivacaime I” pts. 
s Lidocaine 24 p's. 
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Hours after injection 


*Equipotent doses used for bilateral, simultaneous 


blocks of sciatic/ femoral, intercostal sor 
brachial/axillary nerves. Adapted from oore, 
D. С.: Data in the files of the Sterling Winthrop 
Research Institute 


Extended postoperative ana gesia 
for the patient 





Marcaine, with or without epimeph- 
rine, gives your patient more —ccn- 
siderably more—postanesthetic 
analgesia than other local anes- 
thetics in various types of nerve 
block.**7* An analgesia that per- 
sists after the return of moto” fanc- 
tion and even cutaneous sensation.’ 
As a result, you may be ablete 
defer": 5 and sometimes evenzlimi- 
nate. postoperative narcotics. 
Chart II illustrates the average 
duration cf time between the iritial 
Marcaine injection and the межі 
for postep analgesics. Many of the 
67 patients given Marcaine. with 
or without epinephrine, caudally for 
rectal surgery did not comp ап of 
pain for 11 hours or longer follow- 
ing induction. 


In another group of 40 patients? 
given Marcaine or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy, Marcaine pain relief 
lasted 3 to 5 times longer than that 
provided by mepivacaine. And in a 
study! of 65 patients given 0.5% 
Marcaine with epinephrine caudally 
for rectal от other perineal surgery, 
complete sensation returned in 
a mean of 8/5 hours for the average 
patient. And the majority of these 
patients did not require a narcotic for 
an additional 1 to 3 hours. 

Chart II 
Duration of time between injection of 


Marcaine, with or without epinephrine, 
and need for postop analgesics? 


No. of 
patients 





— 





6 








Hours from initial injection to first 
hypodermic for pain 
+ Average—exclusion of extremes and failures. 
Adapted from Lund, pes et al.: Anesth. Analg. 
49:103, Jan.-Feb. 1970 


Excellent clinical acceptance 


Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.? Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained, 
paracervical block is not recom- 


mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia"? 
Extends the limits of time in postoperative analgesia?*"? 


Marcaine 
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bupivacaine hy 


with or without epinephrine  :2 00,000 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 

Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained. 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage. correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 





ANESTHESIA and ANALGESIA... 


employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene, 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictorused, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the ceatral nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestatien may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity. idiosyncrasy, or dimin- 
ished tolerance, are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing is of 
doubtful value. 

Reactions following epidural or caudal 





Current Researches 


anesthesia also may include: high or total 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache: and 
slowing of labor and increased incidence 
of forceps delivery. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g., seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 

References: 1. Moore, D. C , Bridenbaugh, L. D., 
Bridenbaugh, P O., et al.: Bupivaca iine, a review 
of 2,077 cases, J.A.M.A. 214:713, Oct. 26, 1970. 
2. Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P. O., et al.: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970. 3. Hollman, A.: Axillary plexus block: 
a double-blind study of 59 cases using mepivacaine 
and LAC-43, Acta Anaesthesiol. Scand., Suppl. 
21:53, 1966. 4. Brom: age, P. R.: A comparison of 
bupivacz aine and tetracaine in epidural anesthesia 
for surgery, Can. Anaesth. Soc. J. 16:37, Jan. 1969. 
5. Lund, P C., Cwik, J. C., and Vallesteros, F.: 
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PRODUCT IDENTIFICATION 


MULTIPLE DOSE VIAL 





SINGLE DOSE AMPUL 
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high plasma levels and serious systemic 

























: ME CA Marcaine HCI  EpinephrimE* ' Methyj- Sodium Thio- Ascorbic 60% Sod. Edetate | Sodium Thio-  Ascorble 60% Sod. Edetate 
side effects. Injection of i neris doses of аша HI) (as bitartrate)| paraben Bisulfite glycerol Acid Lactate Calcium | Bisulfite glycerol Acid Lactate Calcium 
Marcaine may cause significant increase pivac ТЕЦ БОШ 
in blood levels with each additional dose, % mg/ml Dilution mg./ml. mg./ml. ml./ml. mg./ml. ml./ml. mg./ml. |mg./ml. ml/m| mg./ml. ml./ml. mg./ml 
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degradation. Tolerance varies with the 05 50 1:200,00€ 1 0.5 001 2 0017 0.1 5 001 2 0017 0.1 
status of the patient. Debilitated, elderly 075 75 1:200,000 Not Available in Vials ў 1001 2 10017 04 











patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 


Note: The pH cf these solutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 
each solution isotonic. 

*Solutions of Marcaine thet contain epinephrine should not be autoclaved, 

Federal law prohibits dispersing without a prescription. 





Extends the limits of time in anesthesia" 
Extends the limits of time in postoperative analgesia’ 


Marcaine uoa: 
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with or without epinephrine 1:200,000 


Lanz Controlled 
Pressure Cuff 


| Endotracheal Tube. 





Unique cuff syscem 


automaticaly compensates for increased 
volume/pressure caused by diffusicn of N;O or O; into cuff. 


Long-term airway management is a prob- 
lem. There's always the hazard of tracheal 
scarring and stenosis...accidental over-infla- 
tion. And so on 

Now with the Lanz Controlled-Pressure 
Cuff Endotracheal Tube, you can help solve 
your long-term intubation problems. 


Dangers of Tracheal Damage Minimized. 

The Lanz Endotracheal Tube is unique 
It is a controlled-pressure cuff system con- 
taining an automatic, pressure regulating 
valve with an external, pressure-control bal- 
loon. This system is designed to eliminate 
excessive pressure on the tracheal wall due 
to over-inflation of the cuff. It's also designed 
to automatically compensate for increased 
volume and pressure caused by diffusion of 
N20 or О» into the cuff. 

When used in the intubation period be- 
fore tracheostomy, it helps assure protection 
of the trachea throughout the entire period 
of airway management 





Patient Safety and Comfort 

The Lanz Endotracheal Tube permits 
quick and easy intubation. The tube will flex, 
but not kink. It is available with either Murphy 
or Magill tips. 

And it's available now— packaged sterile, 
and ready to use 

Help solve your long-term airway prob- 
lems now with the Lanz Disposable Con- 
trolled-Pressure Cuff Endotracheal Tube. 
Write today for complete information, or call 
your Extracorporeal Representative. 


extracorporeal 


Extracorporeal Medica! Specialties, Inc 
Royal & R į Prussia Ра 1940€ SA 2 


ss Roads -King of F 337-240( 


e 
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NTRODUCING 


theP SI 
5000 


Recorder 


MEASURES & RECORDS 


ECG + PULSE - 


VITAL PRESSURES 


* ARTERIAL 

* VENOUS 

* INTERCRANIAL 

* PULMONARY WEDGE 


WHEN VERSATILITY COUNTS 


BATTERY OPERATION, VARIABLE AMPLITUDES 
VARIABLE SPEEDS AND TREND - 2.5 to 50 mm/Sec. 


Whenever precise permanent copies are essential. 


The PSI 5000 Recorder is a portable, battery operated, sel!-contained unit for use in most heart, lung, and blood pressure measurements. The 

PSI 5000 meets AHA specifications for electrocardiography, assuring superior performance in any application requiring high frequency response. 
The pen stylus is held in a stress-free mount on a titanium arm to provide exceptional life. It is capable о! sustaining up to 1000 G's acceleration 
A fully charged battery will provide up to four hours continuous operation 


Pulmonary Specialties, Inc. 


231 COMMERCE DRIVE, LARGO, FLORIDA 33540 e TELEPHONE (813) 585-4772 










PRECISE, ECONOMICAL, SAFE... 





RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 





RALS 
Fast, measured topical anesthesia is ready at your ть 
finger tips in а Rals Power Unit. Forget about pumping { U | 
bulbs, uneven atomization, and limited spraying dura- -Ower | 
tion. The Rals Power Unit uses a non-toxic propellant, No. 168 








dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
Scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit #168 are supplied six to a box with 
adaptor top and metal base. lllustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ScnHuEemnnri 
cx. abota tories. Gre. 


480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 TM = | SL-45 





Nos. 151, 152, 163 


m with RALS Power Adaptor No. 1 f 
9р pressure control of atomizer operi 
Р mo pressurized agen 





A mainstay of | 
modern anesthesi: 
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• As an adjunct to general anesthesia Special educational material available 
* Asa supplement to regional A Programmed Instruction Manual on the chem- 


Е А istry, Pharmacology and clinical applications of 
€ ә Olc 


INNOVAR injection and its components is avail- 
* Used without a general anesthetic AD 


able Кот McNeil Laboratories. For further 


« Incertain diagnostic procedures information, please write: Product Director, 
E INNOVAR injection, McNeil Laboratories, Inc., 
INNOVAR” injection is available for use only upon direc- Fort Washington, Pa. 19034. © McN 1975 


tion of a physician 


For prescribing information including Contraindications, Warnings, Precautions and Adverse Reactions, please turn page. 


Innovar” injection (7 


The two components of INNOVAR® injection, fentanyl and 
droperidol, have different pharmacologic actions. Before administerng 


INNOVAR injection, the user should familiarize himself with the special 
Properties of each drug, particularly the widely differing durations of 
action, 


DESCRIPTION 


Each cc. contains (in a 1:50 ratio): 
КЕЙЙН ега раан a pee bt ODD eee DOLES OD Ws 
as the citrate 


Droperidol 50% 2:22 etosan ЕРУН 
Lactic acid for adjustment of pH to 3.5+ 0.3 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Protect from Light 


ACTIONS INNOVAR injection is a combination drug containing a narcotic 
analgesic, fentanyl, and a neuroleptic (major tranquilizer), droperidol. The 
combined effect, sometimes referred to as neuroleptanalgesia, is characterized 
by general quiescence, reduced motor activity, and profound analgesia; complete 
loss of consciousness usually does not occur from use of INNOVAR injection 
alone. The incidence of early postoperative pain and emesis may be recuced. 


A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those 
of morphine and meperidine. Fentanyl in a dose of 0.1 mg. (2.0 zc.) is 
approximately equivalent in analgesic activity to 10 mg. of morphine or 75 
mg. of meperidine. The principal actions of therapeutic value are analgesia 
and sedation. Alterations in respiratory rate and alveolar venti ation, 
associated with narcotic analgesics, may last longer than the anzlgesic 
effect. As the dose of narcotic is increased, the decrease in pulmonary 
exchange becomes greater. Large doses may produce apnea. Fentanyl 
appears to have less emetic activity than other narcotic analgesics. 

istamine assays, and skin wheal testing in man, as well as in vivo testing in 
dogs indicate that histamine release rarely occurs with fentanyl. 
Fentanyl may cause muscle rigidity, particularly involving the muscles of 
respiration. It may also produce other signs and symptoms characteristic 
of narcotic analgesics including euphoria, miosis, bradycardia, and 
bronchoconstriction. 
The onset of action of fentanyl is almost immediate when the drug іх given 
intravenously; however, maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The average duration of action 
of the analgesic effect is 30 to 60 minutes. Following intramuscular 
administration, the onset of action is from seven to eight minutes, and the 
duration of action is from one to two hours. Although the duration of the 
respiratory depressant effect is unknown, as with other narcotic analgesics, 
it may be considerably longer than the analgesic effect. 


B. Droperidol produces marked tranquilization and sedation. It also preduces 
an antiemetic effect as evidenced by the antagonism of apomorphine in 
dogs. It potentiates other CNS depressants. It also produces mild alpha 
adrenergic blockade, peripheral vascular dilatation and reduction of the 
pressor effect of epinephrine. Droperidol can produce hypotensien and 
decreased peripheral vascular resistance. It may decrease pulmonary 
arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not preven: other 
cardiac arrhythmias. The onset of action is from three to ten minutes 
following intravenous or intramuscular administration. The full effect, 
however, may not be apparent for 30 minutes. The duration of the sedative 
and tranquilizing effects generally is two to four hours. Alteration of 
consciousness may persist as long as 12 hours. This is in contrast to the 
much shorter duration of action of fentanyl 


INDICATIONS INNOVAR injection is indicated to produce tranquilization 
and analgesia for surgical and diagnostic procedures. И may be used as an 
anesthetic premedication, for the induction of anesthesia, and as an adjunc: in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fentanyl) injection alone rather than the 
combination drug INNOVAR injection should usually be used. 


CONTRAINDICATIONS INNOVAR injection should not be used in patients 
who are hypersensitive to either component. 


WARNINGS PATIENTS WHO HAVE RECEIVED /NNOVAR INJEC- 
TION SHOULD BE UNDER APPROPRIATE SURVEILLANCE. 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST 
SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 


The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect, When used with INNOVAR injection, the totel dose 
of all narcotic analgesics administered should be considered by the pract:tioner 
before ordering narcotic analgesics during recovery from anesthesia It is 
recommended that narcotics, when required, be used initially in reduced doses, 
as low as 1/4 to 1/3 those usually recommended. 


INNOVAR injection may cause muscle rigidity, particularly involviag the 
muscles of respiration. This effect is due to the fentanyl component and is welated 
to the speed of injection. Its incidence can be reduced by the use of slow 
intravenous injection. Once the effect occurs it is managed by the use of assisted 
or controlled respiration and by a neuromuscular blocking drug, if necessary. 
FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HYPO- 
TENSION SHOULD ALSO BE AVAILABLE. 


Drug Dependence: F entanyl, the narcotic analgesic component, can produce drug 
dependence of the morphine type and therefore has the potential for being 
abused. 


Severe and unpredictable potentiation by MAO inhibitors has been reported with 
narcotic analgesics. Since the safety of fentanyl, in this regard, has not been estab- 
lished, the use of INNOVAR injection or SUBLIMAZE fentanyl in patients 
who have received MAO inhibitors within 14 days is not recommended. 


Head Injuries and Increased Intracranial Pressure: INNOVAR injection sheuld be 
used with caution in patients who may be particularly susceptible to respiratory 
depression such as comatose patients who may have a head injury or brain :umor. 
In addition, these drugs may obscure the clinical course of patients with head 
injury. 

Usage in Children: The safety of INNOV AR injection in children two years of age 
or younger has not been established. 











Usage in Pregnancy: The safe use of INNOVAR injection has not beer 
established with respect to possible adverse effects upon fetal development 


Therefore, it should be used in women of childbearing potential only when, inth 
judgment of the physician, the potential benefits outweigh the possible hazards 
There are insufficient data regarding placental transfer and fetal effects 
therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS Тле initial dose of INNOVAR injection should be appropria: 
ly reduced in elderly, debilitated and other poor risk patients. The effect of th 
initial dose should be considered in determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anesthesia and som 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and c: 
cause peripheral vasodilatation and hypotension because of sympatheti 
blockade. Through other mechanisms (see Actions) fentanyl and droperidol als 
depress respiration and blood pressure. Therefore, when INNOVAR injection: 
used to supplement these forms of anesthesia, the anesthetist must be familia 
with the physiological alterations involved, and be prepared to manage them i 
the patients selected for this form of anesthesia. 


The droperidol component of INNOVAR injection may decrease pulmonar 
arterial pressure. This fact should be considered by those who conduct diagnosti 
or surgical procedures where interpretation of pulmonary arterial pressur 
measurements might determine final management of the patient. 


Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE fentanyl, should be used with cautio 
in patients with chronic obstructive pulmonary disease, patients with decrease: 
respiratory reserve, and others with potentially compromised ventilation. In suc 
patients narcotics may additionally decrease respiratory drive and increas 
airway resistance. During anesthesia this can be managed by assisted o 
controlled respiration. Postoperatively respiratory depression caused b: 
narcotic analgesics can be reversed by narcotic antagonists (levallorphar 
nalorphine, and naloxone); consult individual prescribing information befor 
using. 


Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, an 
general anesthetics) have additive or potentiating effects with INNOVAI 
injection. When patients have received such drugs, the dose of INNOVAI 
injection required will be less than usual. Likewise, following the administratio! 
of INNOVAR injection the dose of other CNS depressant drugs should b 
reduced. 


INNOVAR injection should be administered with caution to patients with live 
and kidney dysfunction because of the importance of these organs in th 
metabolism and excretion of drugs. 


If hypotension occurs, the possibility of hypovolemia should be considered anı 
managed with appropriate parenteral. fluid therapy. Repositioning the patient t« 
improve venous return to the heart should be considered when operativi 
conditions permit. It should be noted that in spinal and peridural anesthesia 
tilting the patient into a head down position may result in a higher level o 
anesthesia than is desirable, as well as impair venous return to the heart. Car 
should be exercised in the moving and positioning of patients because of tht 
possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration o 
pressor agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAF 
injection due to the alpha-adrenergic blocking action of droperidol. 


The fentanyl component may produce bradycardia, which may be treated witt 
atropine; however, INNOVAR injection should be used with caution in patient: 
with cardiac bradyarrhythmias. 


When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly. 


ADVERSE REACTIONS The most common serious adverse reactions reporte 
to occur with INNOVAR injection are respiratory depression, apnea, muscula 
rigidity, and hypotension; if these remain untreated, respiratory arrest 
circulatory depression or cardiac arrest could occur. 


Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have bee 
observed up to 24 hours postoperatively. When they occur, extrapyramida 
symptoms can usually be controlled with anti- parkinson agents. 


Other adverse reactions that have been reported are dizziness, chills and/o 
shivering, twitching, blurred vision, hyperactivity on induction, laryngospasm 
transient hypertension, nausea and emesis, diaphoresis, emergence delirium 
and postoperative hallucinatory episodes (sometimes associated with transien 
periods of mental depression). 


Postoperative drowsiness is also frequently reported. 


OVERDOSAGE Manifestations: The manifestations of INNOVAR injectior 
overdosage are an extension of its pharmacologic actions. 


Treatment: |n the presence of hypoventilation or apnea, oxygen should be 
administered and respiration should be assisted or controlled as indicated. A 
patent airway must be maintained; an oropharyngeal airway or endotracheal tube 
might be indicated. If depressed respiration is associated with muscular rigidity, 
an intravenous neuromuscular blocking agent might be required to facilitate 
assisted or controlled respiration. The patient should be carefully observed for 24 
hours; body warmth and adequate fluid intake should be maintained. If 
hypotension occurs and is severe or persists, the possibility of hypovolemia 
should be considered. A specific narcotic antagonist such as nalorphine, 
levallorphan or naloxone should be available for use as indicated to manage 
respiratory depression caused by the narcotic component fentanyl. This does not 
preclude the use of more immediate countermeasures. Consult the package 
inserts for the individual narcotic antagonists for details about use. 


HOW SUPPLIED INNOVAR? injection is supplied in 2 cc. (NDC 0045-0280 
20) and 5 cc. (NDC 0045-0280-50) ampuls, in packages of 10. 


IMPORTANT: Complete dosage information is available in insert which accom 
panies each package (or on request). The drug is available only upon direction of j 
physician. 


U.S. Patent No. 3,141,823 9/7: 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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The Fenwal Dry Heat Blood Warmer & designed for use during single 
or multiple transfusions when precise regulation of blood temperature and flow rate is 
indicated. It utilizes a disposable plastic blood- -warming blc 


Fenwal Recipient Sets аге available to accommodate your infusion 
requirements. The Single Lead Set is to be used for the intravenous administration of 
one unit of whole blood, red cells or plasma. The "Y" Rec іріепі Set is designed to permit 
dual hookups for simultaneous administration of biooc and/or solutions. The Triple 
Lead Set may be employed in сонне infusion procedures, i.e., blood, solutions, blood 
components and medication. = =  ~— LETT 


, lheFenwal jDcnesgregate Blood Fi ex, is designed to remove 
* . microaggregates down to 20 microns in size durir ing intravenous administration of 


stored whole blood or red cells. 


8 


Fenwal Pressure Infusors ; ива ап effici ient non-air-dependent method 
for the rapid infusion of whole blood or red cells. : z 


The Fenwal TYPENEX™ Blood Вер: ent 


Identification System ties together the idertity of the transfusion candidate, 
his cross-match request form, blood sam iple and me ену matched units of blood. 


The Fenwal Venous Pressu re Manometer Set isa disposable, 


preassembled unit that permits continuous ышы 5f the patient's venous pressure 
while performing one simple hookup. i 


The Fenwal Platelet Recipient Set: is cesigned specifically for the 


infusion of fresh blood and pool platelet concentrates. - 





Our best to you 


Fenwal Laboratories has long been identified with innovation in modern blood 
handling systems. Our knowledge and experiencein developing and providing 
sophisticated blood processing systems have earned a reputation for 
excellence. Thoroughly researched and tested to meet the demands of the 
medical profession, you can expect the same quality in Fenwal operating room 
devices that helped achieve our recognition with the nation's blood banks. 

The Fenwal Specialist in your hospital can provide you and the other 
members of the operating team with completely detailed information on all of 
our products. Intensive training makes him fully qualified to answer your most 
involved questions regarding up-to-date blood transfusion procedure. Be sure 
to see your Fenwal Specialist the next time he visits your department. 


FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Deerfield, Illinois, U.S.A. 60015. 
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Protect patients’ eyes with 


OPTI-GARD 


Why tape eyelids shut and risk skin 
abrasion, loss of eyelashes, and contact 
dermatitis? Dupaco Opti-Gard™ for use 
during zeaeral anesthesia and post-op 
recovery, effectively and comfortably 
helps prezent corneal abrasion, 
lacerat:or s, and scleral hemorrhage. 
Opti-Gard™ also protects against blood, 
fluid, cr other foreign materials 
entering -he eyes... a vital 
consideration in ENT, head, or neck 
surgery. Sterile packaged and boxed in 
convenient dispenser, Opti-Gard ™ clear 
plastic protective covers come with 
self adhesive foam cushion. Send for 
{тее sample. 










4 DUPACO 
U.S. Patent applied for. INCORPORATED 
Ref: Corneal Injuries During General Anesthesia, Anesthesia P.O. Box 9. San Marcos, Ca. 92069 
and Analgesia, Vol. 54, No. 4, Julv-August, 1975 





FOR THE ATTENTION OF 


PROGRAM DIRECTORS and STUDENTS IN MEDICAL, DENTAL, 
OSTEOPATHIC AND NURSE ANESTHESIA TFAINING PROGRAMS 


Please clip and mail this to: 


International Anesthesia Research Society 
3645 Warrensville Center Rd., Cleveland, Ohio 44122 


[Г] | am a Program Director in an accredited anesthesia or anesthesia related (physician assistant, 


inhalation therapy) training program and would like to h: ve Educational Membership 
applications for students enrolled in my program. 


[_] | am a student enrolled in an accredited anesthesia or anestnesia related training program. Please 


send me application for Educational Membership which includes a two-year subscription to ANES- 
THESIA and ANALGESIA . . . Current Researches for $25. 





(NAME - PLEASE PRINT) (INSTITUTION) 





(MAIL ADDRESS) (CITY. STATE AND ZIP) 
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NARCOTIC 
ANESTHESIA 


* Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN' 
(naloxone HCI) 

e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e The degree of narcotic 
antagonism exhibited by 
NARCANS® is dose dependent. 


Arecent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCOz 


e Maintain subjective analgesia 


THE METHOD: 

e 12 unpremedicated patients 
received INNOVAR" (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-02. 
Increments of O.1 mg fentanyl 
were given I.V. every 10 
minutes during surgery. 

Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increments 
at 1 minute intervals until the 
patient was awake, lucid and 

1. Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 had adequate tidal and minute 
NARCANT is an Endo registered U.S. trademark; US Ра! 3,254,088 volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 
Group of 6 patients received 
supplemental naloxone І.М. 
30 minutes after the initial 

I. V. dose 


e 11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 1% hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-02. Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 

first hour. Further morphine 

“ was given as needed. For 
initial narcotic reversal, 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given I.M. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

e When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an |. М. dose 
of naloxone equal to half the 
| М. reversal dose and given % 
hour later provided adequate 
narcotic reversal 


v ARTERIAL CARBON DIOXIDE TENSIONS 

› (MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NALOXONE TO ANTAGONIZE FENTANYL 
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TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 
Fig. 1. Control and postoperative PaCO; in 6 patients 
receiving | V and | М naloxone following fentanyl 
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THE RESULTS 
(morphine group): 

e "After other narcotics, suc? 25 
morphine, an I.M. dose of 
naloxone equal to the I. V. cose 


appears appropriate” 
ARTERIAL CARBON DIOXIDE TEMSICNS 
MEANS + SE) OF PATIENTS RECEIVING 


INTRAVENOUS AND INTRAMUS@UL „Я 
NALOXONE TO ANTAGONIZE MO -PH NE 
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ARTERIAL CARBON DIOXIDE 
TENSION (TORR 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXCNE 


Fig. 2. Control and postoperative PaCO» in 1 patents 
receiving | V and! М naloxone followmg mo-»hirz 
THE CONCLUSIONS: 


"Naloxone provides fast, 
potent,anc reliable antaganism 
to narcotic-induced respiettory 
depression.’ 


"By careful titration, this antag- 
onism can be achieved wnile 
acceptable analgesia is 
maintained.” 


“Both morphine and fente ny! 
groups had adequate and- 

gesia, with only 2 patients cf 
total 21] requiring pain medi- 
cation in the recovery rocm ' 
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• reverses all degrees of 
narcotic-induced respiratory 
depression 


e does not cause narcotic-like 
effects 


* does not augment non- 
narcotic depression 


• acts rapidly —generally within 
2 minutes following 1.\/. use 
and slightly less rapidly when 
given I.M. 


• does not lead to tolerance 


* does not produce psychoto- 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dose 
doesnt produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


e following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of 
some narcotics may exceed 
that of NARCAN* 


Please see next page for com- 
plete prescribing information 


Endo Laboratories. Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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can reverse narcotic-induced respiratory depression 
while maintaining subjective analgesia 


NARCAN 





(naloxone HCI) 


DESCRIPTION МАКСАМ" (naloxone hydrochloride), a narcotic antagonist, is a synthetic congener 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom 1s replaced by an allyl group. 


CH,CH-CH; 
N 
as А 
н о о 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone НСІ) 


Naloxone hydrochloride occurs as slightly off-white crystals, and 15 soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether 

МАКСАМ" (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg and 0.4 
mg of naloxone hydrochloride per ml. Each ml of either strength contains 8.6 mg of sodium chlo- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio of 9 to 1. pH is 
adjusted with hydrochloric acid 

ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, i.e., it 
does not possess the "agonistic" or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN* (naloxone hydrochloride) does not produce respiratory depression, psycho- 
tomimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 


In the presence of physical dependence on narcotics NARCAN* (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence 

When NARCAN™ (naloxone hydrochloride) is administered intravenously the onset of action is gen- 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of NARCAN® (naloxone hydrochloride). Intramuscular adminis- 
tration produces a more prolonged effect than intravenous administration. The requirement for 
repeat doses of NARCAN* (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized 

INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic nareot- 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine. 

NARCAN* (naloxone hydrochloride) is also indicated for the diagnosis of suspected acute opiate 
overdosage. 

CONTRAINDICATIONS МАКСАМ“ (naloxone hydrochloride) is contraindicated in patients known to 
be hypersensitive to it. 

WARNINGS МАКСАМ” (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 
opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 

The patient who has satisfactorily responded to NARCAN* (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN* (naloxone hydrochloride) should be 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN® (naloxone hydrochloride) 

МАКСАМ" (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs 

Usage in Pregnancy Safe use of NARCAN* (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN* 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards 

PRECAUTIONS In addition to NARCAN* (naloxone hydrochloride), other resuscitative measures 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning 


In an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 


either iscproterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developed ventricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochloride) 

IV. at 9 end 14 hours, respectively, postoperatively for persistent unresponsiveness. Although а 
direct cause and effect relationship has not been established, NARCAN* (naloxone hydrochloride) 
should besused with caution in patients with cardiac irritability 

ADVERSEREACTIONS In rare instances nausea and vomiting have been reported in postoperative 
patients ‘ceiving МАКСАМ" (naloxone hydrochloride) in doses higher than that recommended; a 4 
cause and effect relationship has not been established 


DOSAGE AND ADMINISTRATION МАКСАМ" (naloxone hydrochloride) may be administered intraven 
ously, intsamuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravencus administration and it is recommended in emergency situations. 

Since thesduration of action of some narcotics may exceed that of МАКСАМ“ (naloxone hydrochlo 
ride) the patient should be kept under continued surveillance and repeated doses of МАКСАМ" 
(naloxone-nydrochloride) should be administered, as necessary. 


USAGE INADULTS Narcotic Overdose —Known or Suspected The usual initial adult dose is 0.4 
mg (1 mI" NARCAN* (naloxone hydrochloride) administered I.V., I.M. or S.C. If the desired degree 
of countesaction and improvement in respiratory function is not obtained immediately following 
LV. admimsstration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
significant improvement after 2 or 3 doses suggests that the condition may be due partly or com 
pletely to other disease processes or non-opioid drugs. 


Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN* (naloxone hydrochloride) are usually 
sufficient The dose of NARCAN* (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of МАКСАМ“ (naloxone hydrochloride) may result in signifi- 
cant revessal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia 

For the пайа! reversal of respiratory depression, МАКСАМ“ (naloxone hydrochloride) should be 
injected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal i.e., adequate ventilation and alertness without significant pain or dis- 
comfort 

Repeat deses of NARCAN* (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce а 
longer lasting effect. 

USAGE INICHILDREN Narcotic Overdose —Known or Suspected The usual initial child dose 15 
0.01 mg/kg body weight given I.V., I.M. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN* (naloxone hydrochloride) can be diluted 
with steric water for injection 

USAGE ININEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered I.V., I.M. or S.C. This dose may be repeated in accordance with adult 
administrstion guidelines 


HOW SUPPLIED 0.4 mg/ml of МАКСАМ“ (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration 

Available m 1 ml ampuls in boxes of 10 and 100 

0.02 mg/ml of МАКСАМ (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscularand subcutaneous administration 

Available m 2 ml ampuls in boxes of 10 and 100 ampuls 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDso is 150 +5 
mg/kg am! 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (9596 CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seermat 10 mg/kg/day for 3 weeks 

Reproductive studies including fertility, genera! reproductive performance, embryotoxicity, tera- 
togenicity-and lactation did not show any abnormality in mice and rats at 10 mg/kg/day 
NARCAN* (naloxone hydrochloride) Ampuls 

Stocked i» Military Depot, NSN 6505-00-079-7867 


Endo Laboratories, Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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Protection against radio frequency burns at ECG 
electrode sites as a ~esult of electrosurgery is provided 
by the RF Choke cable, which incorporates a radio 
frequency choke (imductor) in series with each moni- 
toring lead. It is svailable from the МОМ Hospital 
Supply, Dayton, Оно. According to the manufacturer, 
the RF Choke cabl- will effectively block the passage 
of electrosurgical cerrent through ECG leads, thereby 
reducing this radie frequency patient burn hazard. 
Cables are availabl= to fit most of the ECG monitor: 
currently in use in the United States. 








Permanent hard copies of monitored patient data are 
available in a portable format with Tektronix’ new 
400-Series Recorders. These compact recorders attache 
directly to the company’s portable patient monitors 
without a separate power cord or external interconnect 
wiring. The entire 18 lb. monitor-recorder package may 
be hand-carried and will operate on either AC line 
or the monitor’s internal battery pack. 
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McKesson, Moncks Corner, South Carolina, intro- 
duces a Hi/Lo Warning System for conscious dental 
sedation systems. The system is spliced into the main 
oxygen and nitrous oxide piping lines and if in-line 
pressure drops or fails, or rises above normal operating 
ranges, an audible alarm is sounded and a visual warn- 
ing mode illuminated. It responds to variations of 
about 20% above or below normal (50 to 55 psig) set 
points. 


It is claimed that the McKesson Hi/Lo Warning 
System meets or surpasses all standards established 
by the National Fire Protection Association for N.O 
and O. warning systems and zone valves. 


k 1 — Md, ; 





* * * 


Ohio Medical Products, Madison, Wisconsin, has 
introduced an operating room model of their Neonatal 
Intensive Care Center designed to meet the specific 
needs of the surgeon and anesthetist. The new N.I.C.C. 
unit incorporates the essential life support systems and 
complete infant accessibility of the other OHIO units, 
while offering optimum surgical procedural capability. 


The N.I.C.C. control console, which incorporates the 
infant "Servo" temperature control module, indicator 
lights and necessary alarm signals, has been reposi- 
tioned for observation by the anesthetist during the 
surgical procedure. 


An adjustable anesthesia screen support is included 
that can be removed when not needed. The rear stain- 
less steel bed rail has been replaced with a 2-inch 
wide, mattress height panel, for the convenience of 
the anesthetist. 





Professional Instruments Company, Inc., Houston, 
Texas, have added the Model NS-3 to its line of Periph- 
eral Nerve Stimulators. The NS-3 features mono- 
phasic square wave stimulus pulses of short duration 
and a low battery voltage indicator. The instrument 
may be used with ball-type electrodes, hypodermic 
needles or pregelled electrodes. 
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Multiparamete- monitoring, including ECG, EEG, 
pulse and heart rate, is offered on a new Hewlett- 
Packard two-channel patient monitor. When used with 
external processing amplifiers, pressure and respiration 
also may be displayed simultaneously with the ECG 
tracing. 


The HP 783324 monitor has bright, nonfade displays 
and operates in either fixed or moving-trace modes. 
Waveforms may »e held on the screen for closer exam- 
ination or the Е 2С display time may be doubled by 
continuing the upper channel information on the 
auxiliary channel. Useful in studying time/event 
relationships, the unit can superimpose ECG wave- 
forms and auxili: ry-channel information such as pulse 
pressure or respiration waveforms. Heart rate is incicated by a lighted bar graph. 








The diagnostic or monitoring bandwidth is switch selectable to adjust fine detail in the 
display trace. Other simple-to-use controls alter size, pcsition, intensity and sweep speed 
of the trace and allow calibration and selection o the heart-rate source. An optional 
beeper sounds when a preset alarm level has been ached or when an R wave is detected. 
Using pitch variation, the beeper also serves as an aucible arrhythmia detection system. 


* * ж 


Тһе Sargitek* Carden Laryngoscopy tube 
is now available with the exclusive Surgitek® 
Low tauma cuff from Medical Engineering 
Corporation, Racine, Wisconsin. It is claim- 
ed tha- these all silicone tubes are much less 
likely to cause necrosis than are tubes man- 
ufactured from PVC, Latex or red rubber. 
The Surgitek® tubes are reuseable and may 
be steam or gas sterilized. 





ж * * 


The FOREGGER® 510 Electronic Spirometer, a 
low-cost, unidirectional spirometer that monitors coa- 
tinuous ventilation and measures intermandatory vea- 
tilation (IMV) has been introduced by Air Producs 
and Chemicals, Inc., Allentown, Pennsylvania. 


This unit provides an accurate means of measurirg 
patient tidal and minute volume during continuous »r 
intermittent ventilation. When placed in the expiratory 
side of a patient's breathing circuit, the FOREGGER 
spirometer's specially-designed, unidirectional sensor 
accurately reads the volumetric—instead of mass-flcw — 
rate of a gas. Resulting measured values are not ircluenced by the density of the meas- 
ured gas or gas mixtures. Accuracy is claimed to be within plus or minus five percent of 
the indicated value. 








INJECTION, equivalent to 10 mg metaraminol per ml & 





Metaraminol Bitartrate | MISD) 
a vasopressor with positive inotropic effect 


Indications: Based on a review of this drug by the National 
Academy of Sciences-National Research Council and/or other 
information, FDA has classified the indications as follows 

Effective: ARAMINE is indicated for prevention and treatment 
of the acute hypotensive state occurring with spinal 
anesthesia. Adjunctive treatment of hypotension due to 
hemorrhage; reactions to medications; surgical complica- 


tions; and shock associated with brain damage due to trauma 
or tumor. 

"Probably" effective: It may also be useful as an adjunct in the 
treatment of hypotension due to cardiogenic shock or sep- 
ticemia. 

Final classification of the less-than-effective indications re- 
quires further investigation. 


Contraindications: Use should be avoided with cyclopropane or 
halothane anesthesia, unless clinical circumstances demand such 
use. 

Precautions: Use with caution to avoid excessive blood pressure 
response. Rapidly induced hypertensive responses have been re- 
ported to cause acute pulmonary edema, arrhythmias, and cardiac 
arrest. Use with caution in digitalized patients, since the combina- 
tion of digitalis and sympathomimetic amines is capable of causing 
ectopic arrhythmic activity. Treat cirrhotic patients cautiously; if 
diuresis ensues, restore electrolytes. Fatal ventricular arrhythmia 
has been reported in one patient with Laennec’s cirrhosis. In several 
instances, ventricular extrasystoles that appeared during infusion 
have subsided promptly on reduction of infusion rate. Since 
metaraminol has prolonged duration of action, a cumulative effect is 
possible, leading to prolonged elevation of blood pressure even with 
discontinuation of therapy. Monoamine oxidase inhibitors have 
been reported to potentiate action of sympathomimetic amines 
When vasopressor amines are used for long periods, resulting 
vasoconstriction may prevent adequate expansion of circulating 





volume and may cause perpetuation of the shock state. Plasma 
volume may be reduced in all types of shock, and measurement of 
central venous pressure is the most useful means of assessing the 
adequacy of the circulating blood volume; blood or plasma volume 
expanders should be employed for hypotension or shock due mainly 
to decreased circulating volume. Because of its vasoconstrictor 
effect, metaraminol should be used with caution in heart or thyroid 
disease, hypertension, or diabetes. Sympathomimetic amines may 
provoke relapse in patients with history of malaria. 

Adverse Reactions: Sinus or ventricular tachycardia, or other ar- 
rhythmias, especially in patients with myocardial infarction. 
Abscess formation, tissue necrosis, or sloughing may rarely follow 
use. In choosing the site of injection, it is important to avoid those 
areas recognized as not suitable for use of any pressor agent, and to 
discontinue infusion immediately if infiltration or thrombosis oc- 
curs. The larger veins of the antecubital fossa or the thigh are pre- 
ferred to veins in the dorsum of the hand or ankle veins, particularly 
in patients with peripheral vascular disease, diabetes mellitus, 
Buerger s disease, or conditions with coexistent hypercoagulability 
Note: Response to vasopressors may be poor in patients with coex- 
istent shock and acidosis. Established methods of shock manage- 
ment, such as blood or fluid replacement when indicated, and other 
measures directed to the specific cause of the shock state also 
should be used. Only Sodium Chloride Injection or 5 percent 
Dextrose Injection should be used as a diluent. 

How Supplied: Injection, in 1-ml ampuls and 10-ml vials, contain- 
ing per ml: metaraminol bitartrate equivalent to 10.0 mg 
metaraminol; inactive ingredients: sodium chloride, 4.4 mg; water 
for injection, q.s. ad 1.0 ml; and 0.1596 methylparaben, 0.0296 pro- 
pylparaben, and 0.2% sodium bisulfite added as 
preservatives 

For more detailed information, consult your 





MSO representative or see full prescribing MERCK 
information. Merck Sharp & Dohme, Division SHAR 
of Merck & Co., Inc., West Point, Pa. 19486 DOHM 
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VERSAT ONE’ MULTI-PURPOSE DOPPLER INSTRUMENT 


FOR MO*ITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This serstive Doppler probe is easy to 
tape in pcsition for non-invasive detection 
and mori.oring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and mamemeter, systolic blood pressures 
may be ebtained even on infants and 
hypotensme patients. 





FOR EARLY DETECTION 
OF VENGUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particulary well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position It also detects motion of the 
heart masele, heart valves and blood flow. 





MED Te] Tes 





VERSA" ONE D8 DOPPLER 


The Mccel D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeab: probes of various frequencies 
and corfgurations. It is powered by a 
rechargeasle battery and has a built-in 
loudspezker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset f5- private listening, and a chart 
recording circuit. The two probes shown 
above ге particularly useful to the 
anesthesologist. Two sizes of pencil 
shaped probes are also available. These are 
useful fcr intraoperative assessment of 
flow in »xposed vessels, as well as for 
transcutameous flow detection. 


For more information call or vrte: 
P.O. Box M (340 Pioneer Way: Biountain View, CA (415) 965-3333 
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PERIPHERAL PROFESSIONAL 
NERVE 


STIMULATOR 
m : The PI Peripheral Nerve 
А Stimulator monitors ef- 
fects of skeletal muscle 
relaxants on the neu- 
romuscular junction, 
1 | detects abnormal ге- 


sponse to muscle relax- 

Б j үз ants and distinguishes 

зтаһовү ПЕМ between depolarizing 

— — - and non-depolarizing 
ahh blockade. 


Model NS-2 


The NS-2 is now in use in many hospitals throughout the U. S. and abroad. It is 
designed primarily for use during surgery and delivers stimuli automatically at 

5-second intervals. One or fifty pulses-per-second may be selected by momentary 

push-button switches. Output is a monophasic square wave pulse. Amplitude of the 
pulse is linearly adjustable. A flashing red light indicates low battery voltage. The 
NS-2 is solid state, rugged, battery powered, portable and lightweight. 


Model NS-3 


The NS-3 represents the latest in solid state technology. Use of integrated circuits has 
made it possible to build a very compact and versatile stimulator. Its miniature size 
makes the NS-3 more convenient for preoperative and postoperative testing. It 
delivers stimili at one second intervals when the rocker switch is depressed to the 
TWITCH position. A fifty-pulses-per-second rate may be selected by depressing the 
rocker switch to the momentary TETANUS position. Output is a monophasic square 


wave pulse. Amplitude of the pulse is linearly adjustable. The NS-3 also has a 
low-battery-voltage indicator 





NARKOMED 


NO 


4 NARKOMED 
= монен ameman haer 





TOTAL 


NARKOMED, a refreshing new concept 
in anesthesia machine design and styling, 
incorporating a contemporary anesthesia 
dispensing system with a built-in fluidic 
anesthesia ventilator and the widest variety 
of options. 

Please return the accompanying coupon 
for further information. 


NORTH AMERICAN DRAGER 





ANESTHESIA 


SYSTEM 


NORTH AMERICAN DRAGER 
P.O. Box 121 
Telford, Pa. 18969 
—— Please send information on the NARKOMED 
TOTAL ANESTHESIA SYSTEM 
—— lease include a copy of Anesthesia Accessories 


Catalog 
—— Please send information on 
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[7 
R“D-EMERSON 
RELAXAID™ 


for CORRECT RELAXANT DOSAGE— 
AVOIDANCE OF OVERDOSE— 
PROMPT RECOVERY — 


The stimulator is programed te deliver pulses, through electrodes, to the 
ulnar nerve. A flexible pneumatic bulb is placed in the patient's hand, with his 
fingers held against it by tape. The bulb is then air-filled to a pressure of 20 cm. 
H,O. As the fingers flex, even slightly, compression of the bulb is registered on 
an aneroid gauge. The pattern of these responses keeps the anesthetist in- 
formed of the relaxant's effectivemess. 


The more precise monitoring provided by the RELAXAID® enables relaxant 
levels to be kept adequate but without overdose. During recovery the RE- 
LAXAID® shows the return of strength to the patient’s muscles. 


Please request Form 91-E2 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 





VOLUME 55, No. 4, JULY-Avausr, 1976 (63) 


ааа ааа ааа а Саа — — E MEETS NEN UNNCHENI 
Non-conductive 


blood pressure cuffs .. . 
in color! 


Color-code "oar departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, b ue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual’s name. 

E Stain resistant, washable, with velcro 

à attaching st-irs for Dupaco Diasyst.? Sizes 
listed below. For more information write: 
Dupaco Inc. F.O. Box 98, San Marcos, CA 










92069. 

Adult 5%" x 27" 
Medium Aduit 5° 1746" 
Child 









334" x 145" 
234" x 115" NS 


DUPACO 


INCORPORATED 






MARK 
YOUR CALENDAR 


ale 7 18 19 


CONGRESS 





International Anesthesia Research Society 
MARCH 6-10, 1977 


DIPLOMAT RESORT AND CCUNTRY CLUBS 
HOLLYWOOD, FLORIDA 
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JACKSON-REES MODIFICATION OF 
AYRE’S T-PIECE 


as used by leading children’s hospitals 


This Infant’s Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There are no valves 

to go wrong, or cause added resistance. Dead space has 
been cut to an absolute minimum. Only seconds required 
to change from Mask to Intubation Setup. 














Standard 15mm and 7%” Mask Tapers 


330ES 
Gas Machine 


-— Fresh Gas 


330-15D 






330-15S 
TO RECEIVE THE FOLLOWING LIST — 
QUOTE NUMBER 330-15 HFSC 


1 of 330ES .75 It. R/B Bag c/w End Plug 

1 of 330-15L 15mm Bag Mount 

1 of 330-15D Corrugated tube 11” long c/w 15mm 
mounts 

1 of 330-15S 15mm Catheter Mount c/w fresh gas 
inlet 

1 of 3301 Fresh Gas Feed Tube 

1 of 620-15 Magill Oral 15mm Connector Size 4.0 

1 of 7001M Lightweight Facepiece Angle 

1 of 332E Rendell-Baker-Soucek Mask Size 1 


RECOMMENDED BUT NOT INCLUDED 


6 (1 each) 330CF Foregger Coles Tubes 8 to 18 F.G. 
1 No. 332F Rendell-Baker-Soucek Mask Size 2 


We recommend you purchase a 330LC 1 No. 332L Rendell-Baker-Soucek Mask Size 3 
Leather Case to store this equipment 1 330LC Leather Case 
— prevents loss or damage. 1 of 330-15D Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTRIAL EQUIPMENT 


A division of Claudius Ash Incorporated 
655 - 73rd Street, Niagara Falls, New York 14304 


SEND FOR COMPLETE LITERATURE 
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on from the start now offer you 
even more to go on. 

Back in 1963 we intro- 
duced the world's first single-use, 
regional anesthesia trays. - 

Today, with a record of safe 
performance difficult to equal, we 
offer you an even wider selection 
of components and features — 
just as difficult to match — in 
| кз caudal and epidural trays. 
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needle that's been 
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NARCOTIC 
ANESTHESIA 


e Despite many advantages, the 
use of opioids to supplement 
nitrous oxide anesthesia may 
be associated with significant 
postoperative depression. 


NARCAN* 
(naloxone HCI) 

e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


e The degree of narcotic 
antagonism exhibited by 
NARCANN? is dose dependent. 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 
evidenced by PaCO; 


e Maintain subjective analgesia 


THE METHOD: 

e 12 unpremedicated patients 
received INNOVAR" (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-O». 
Increments of 0.1 mg fentanyl 
were given I. V. every 10 
minutes during surgery. 

Following the procedure, 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increments 
at 1 minute intervals until the 
patient was awake, lucid and 
had adequate tidal and minute 





1 Heisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53:12-18, Jan-Feb 1974 
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was given I. V. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone |.M. 
30 minutes after the initial 

| М. dose. 


e 11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 1% hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-0». Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 
was given as needed. For 
initial narcotic reversal, 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given І.М. 30 minutes later. 


THE RESULTS 
(fentanyl group): 

e When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an I.M. dose 
of naloxone equal to half the 
| М. reversal dose and given % 
hour later provided adequate 
narcotic reversal. 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE FENTANYL 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 


| cu 
Control 3C во 90 1X 150 18c 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


Fig. 1. Control and postoperative PaCQ> in 6 patients 
receiving | V and I.M. naloxone following fentanyl 


THE RESULTS 
(morphine group): 

e "After other narcotics, Sca as 
morpf re, an I.M. dose of 
naloxcne equal to the |. Vadose 
appea: s appropriate.’ 


AFTERIAL CARBON DIOXIDE-TBP- SIONS 
MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NA_OXONE TO ANTAGONIZE"MCPHINE 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 


"o 30 6 x 120 150 18 2 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOX^NE 


net patients 


Fig. 2. Cor rcl and postoperative Расо, 
receivir ne f nowphine 


glz апа! M naloxone OW 


THE CONCLUSIONS: 

e "Nalozone provides fast, 
poten, and reliable antegenism 
to narcotic-induced respiratory 
depression.’ 


• “Ву careful titration, this antag- 
onisrr сап be achievec wile 
acceptable analgesia is 
maintained.’ 


e "Both morphine and fentanyl 
groups had adequate anil- 
gesia with only 2 patiente [of 
total 21] requiring pain medi- 
cation in the recovery гост: 
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* reverses all degrees of 
narcotic-induced respiratory 
depression 


* does not cause narcotic-like 
effects 


* does not augment non- 
narcotic depression 


* acts rapidly —generally within 
2 minutes following I.V. use 
and slightly less rapidly when 
given I. M. 


* does not lead to tolerance 


• does not produce psychoto- 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dose 
doesn't produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


* following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action of 
some narcotics may exceed 
that of NARCAN* 


Please see next page for com- 
plete prescribing information 


€ndo Laboratories, Inc. 


Subsidiary of Е.І. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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can reverse narcotic-induced respiratory depression 
while maintaining subjective analgesia 





NARCAN 


(naloxone HCI) 


DESCRIPTION NARCAN® (naloxone hydrochloride), a narcotic antagonist, is a synthetic сопревег 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group on the nitrogen 
atom is replaced by an allyl group 


CH, CH -CH; 
N 


au i 
HO о 


о 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone HCI) 


Naloxone hydrochloride occurs as slightly off-white crystals, and is soluble in water, slightly solu- 
ble in alcohol and practically insoluble in ether 


NARCAN® (naloxone hydrochloride) Injection is available in two concentrations, 0.02 mg and 04 
mg of naloxone hydrochloride per ml. Each ml of either strength contains 8.6 mg of sodium chto- 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives іп a ratio of 9 to 1 рн :5 
adjusted with hydrochloric acid 

ACTIONS NARCAN® (naloxone hydrochloride) is an essentially pure narcotic antagonist, i.e., it 
does not possess the "agonistic" or morphine-like properties characteristic of other narcotic 
antagonists; NARCAN* (naloxone hydrochloride) does not produce respiratory depression, psycho- 
tomimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity. 


In the presence of physical dependence on narcotics NARCAN® (naloxone hydrochloride) will 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physical 
or psychological dependence. 

When NARCAN® (naloxone hydrochloride) is administered intravenously the onset of action is gen 
erally apparent within two minutes; the onset of action is only slightly less rapid when it is 
administered subcutaneously or intramuscularly. The duration of action is dependent upon the 
dose and route of administration of МАКСАМ“ (naloxone hydrochloride). Intramuscular adminis- 
tration produces a more prolonged effect than intravenous administration. The requirement for 
repeat doses of NARCAN® (naloxone hydrochloride), however, will also be dependent upon the 
amount, type and route of administration of the narcotic being antagonized 

INDICATIONS NARCAN® (naloxone hydrochloride) is indicated for the complete or partial reversal 
of narcotic depression, including respiratory depression, induced by natural and synthetic nareot 
ics, propoxyphene and the narcotic-antagonist analgesic pentazocine 

NARCAN® (naloxone hydrochloride) is also indicated for the diagnosis of suspected acute opiate 
overdosage. 

CONTRAINDICATIONS NARCAN® (naloxone hydrochloride) is contraindicated in patients known-to 
be hypersensitive to it. 


WARNINGS МАКСАМ” (naloxone hydrochloride) should be administered cautiously to persons 
including newborns of mothers who are known or suspected to be physically dependent on 

opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 

The patient who has satisfactorily responded to NARCAN® (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN* (naloxone hydrochloride) shouldbe 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN® (naloxone hydrochloride) 

NARCAN® (naloxone hydrochloride) is not effective against respiratory depression due to non- 
opioid drugs. 

Usage in Pregnancy Safe use of NARCAN® (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated teratogenic 
or other embryotoxic effects (See ANIMAL PHARMACOLOGY AND TOXICOLOGY). However, NARCAN* 
(naloxone hydrochloride) should be administered to pregnant patients only when, in the judgment 
of the physician, the potential benefits outweigh the possible hazards. 

PRECAUTIONS In addition to NARCAN® (naloxone hydrochloride), other resuscitative measures. 
such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopresso' 
agents should be available and employed when necessary to counteract acute narcotic porson/ng. 


In an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, end 


either isopsoterenol or epinephrine for hypotension following cardiopulmonary bypass procedures, 
developedwentricular tachycardia or fibrillation when given NARCAN® (naloxone hydrochloride) 
1У at 9 and 14 hours, respectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN® (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability 

ADVERSE REACTIONS In rare instances nausea and vomiting have been reported in postoperative 
patients receiving NARCAN® (naloxone hydrochloride) in doses higher than that recommended: a l 
cause anceffect relationship has not been established. 

DOSAGE AND ADMINISTRATION МАКСАМ“ (naloxone hydrochloride) may be administered intraven- 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations 


Since the curation of action of some narcotics may exceed that of NARCAN® (naloxone hydrochlo- 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
(naloxone hydrochloride) should be administered, as necessary. 


USAGE IN ADULTS Narcotic Overdose —Known or Suspected The usual initial adult dose is 0.4 
mg (1 ml) NARCAN* (naloxone hydrochloride) administered 1V., I.M. or S.C. If the desired degree 
of counteraction and improvement in respiratory function is not obtained immediately following 
1V. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
significant improvement after 2 or 3 doses suggests that the condition may be due partly or com- 
pletely to ather disease processes or non-opioid drugs. 

Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 
use of narcotics during surgery, smaller doses of NARCAN* (naloxone hydrochloride) are usually 
sufficient. The dose of NARCAN* (naloxone hydrochloride) should be titrated according to the 
patient's response. Excessive dosage of NARCAN* (naloxone hydrochloride) may result in signifi- 
cant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 
induce nausea, vomiting, sweating or tachycardia 

For the inital reversal of respiratory depression, NARCAN* (naloxone hydrochloride) should be 
injected inencrements of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 
desired degree of reversal i.e., adequate ventilation and alertness without significant pain or dis- 
comfort 

Repeat doses of МАКСАМ“ (naloxone hydrochloride) may be required within one to two hour inter- 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic. Supplemental intramuscular doses have been shown to produce a 
longer lasting effect 

USAGE IN CHILDREN Narcotic Overdose —Known or Suspected The usual initial child dose is 
0.01 mg/kg body weight given I.V., I.M. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN* (naloxone hydrochloride) can be diluted 1 
with sterileswater for injection 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is 0.01 mg/kg body 
weight administered I.V., I.M. or S.C. This dose may be repeated in accordance with adult 
administration guidelines. 

HOW SUPPLIED 0.4 mg/ml of NARCAN* (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration. 


Available in 1 ml ampuls in boxes of 10 and 100 

0.02 mg/m! of NARCAN* (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra- 
muscular and subcutaneous administration. 

Available in 2 т! ampuls in boxes of 10 and 100 ampuls. 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDso 15 150 +5 
mg/kg anc 109 +4 mg/kg respectively. In acute subcutaneous toxicity studies in newborn rats 
the LDso (8% CL) is 260 (228-296) mg/kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks 

Reproductie studies including fertility, general reproductive performance, embryotoxicity, tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg/kg/day 


NARCAN* (naloxone hydrochloride) Ampuls 
Stocked imMilitary Depot, NSN 6505-00-079-7867 


Endo Laboratories, Inc. 


Subsidiary of Е.І. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 


POND ' 


76-1 EDO-6040 
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PLACES 


The 14th Congress, Scandinavian Society >f Anaesthesiologists, Uppsala, 
Sweden, will be held June 28-July 2 1977. For information, write to The Institute 
for Continuing Education, P.O. Bex 11083, Richmond, Virginia 23230. 


* * 


The New York State Society ef Anesthesiolozists celebrates its 30th Post- 
graduate Assembly in Anesthesiolegy December s, 6, 7 and 8, 1976, at the New 
York Hilton Hotel. Inquiries should be directed to the Society at 30 East 42nd 
Street, Room 1501, New York, New York 10017 


* ж 


The Third Annual Intermountain Conference on Critical Care: Maternal and 
Perinatal will be held February 12-19, 1977, at Sun Valley, Idaho. 


This conference is sponsored ky the Division of Continuing Medical Education, 
SC-50, University of Washington School of Medi-ine, Seattle, Washington and is 
C.M.E. accredited. 


* * 


The 6th Obstetric Anesthesia Conference, sponsored by the Los Angeles Ob- 
stetrical and Gynecological Society, will be held n Los Angeles on March 25, 26 
and 27 and then continue for part II which will »e at Del Webb’s Kuilima resort 
hotel on the North Shore of Oahu, Hawaii, Marck 28-31, 1977. 


A complete program, or further informatior, can be obtained by contacting 
John S. McDonald, M.D., Obstetric Anesthesia, Р.О. Box 7632, Fresno, California 
93727. 


* * 


An opportunity for anesthesiologists and obstetricians/gynecologists to learn 
or review principles and practices of anesthesia and analgesia for obstetrics and 
gynecology is being offered in the Department ef Anesthesiology at the Valley 
Medieal Center in Fresno, Californiz, under the direction of John S. McDonald, M.D., 
Chairman of the Department. Four and eight week rotations would include gen- 
eral and regional anesthesia and d dactic training in the pharmacology of drugs. 


Applicants should be trained m the United States and must possess State or 
National Board Licensure. In some instances, foreign graduates who have passed 
the FLEX examination or the equivalent thereof will be considered. More informa- 
tion may be obtained by writing to John S. McDonald, M.D., P.O. Box 7632, Fresno, 
California 93727. 


(10) - - ANESTHESIA and ANALGESIA . . . Current Researches 


The Third Annual Vail Confererce in Anesthesiology will be held on February 
5-12, 1977, at Lion Square Lodge—The Mark Resort in Vail, Colorado. For further 
information write to: Sonja Auxier, Professional Seminars, Inc., Р.О. Box 236037, 
Miami, Florida 33123. | 

. | AM * 


The Fifteenth Biennial Western Conference on Anesthesiology, will be held 
May 15-19, 1977, at the Hyatt Regency Hotel, Embarcadero Center, San Francisco; 
followed by a Two-Day Refresher Course, May 20, 21 at the Del Monte Hyatt House, 
Monterey, California. AII inquiries should be addressed to: Executive Secretary, 
B.W.C.A., 707-2525 Willow Street, Vancouver, B.C., Canada V5Z 3N8. 


The Fourth Neonatal and Infart Respiratory Symposium, sponsored by the 
California Society of Anesthesiolog: sts, will be held at the Hyatt Hotel in Los 
Angeles, February 4 and 5, 1977, and at the Chateau Roaring Forks in Aspen, 
Colorado, February 6th through the 12th, 1977. 


Section I, which is being held m Los Angeles, will consist of formal academic 
presentations and respiratory seminars. Section II, in Aspen, will be a more relaxed 
atmosphere, but academic presentations will be presented. This section will afford 
more indepth questioning and discussions. 

A complete program or further information can be obtained by contacting 


John S. McDonald, M.D., Perinatal Anesthesia, P.O. Box 7632, Fresno, California 
93727. S 
* * 


Childrens Hospital of Los Angeles, Division of Anesthesiology, will sponsor 


the Fifteenth Clinical Conference in Pediatric Anesthesiology on January 28, 29, 
and 30, 1977, at the Los Angeles Marriott Hotel, Los Angeles, California. For 
further information write to: Wayne Herbert, M.D., Program Director, Pediatric 
Anesthesiology Conference, P.O. Box 54700, Los Angeles, California 90054. 


* Ж 


The 14th Annual Postgraduate Seminar in Anesthesiology will be held at the 
Americana Hotel, Miami Beach, Flerida, on January 6-9, 1977. A Post-Convention 
Seminar is scheduled for January 9-15, in Aruba at the Tamarijn Hotel. For 
further information write: Frank Moya, M.D., Department of Anesthesiology, Mt. 
Sinai Medical Center, Miami Beach, Florida 33140. 


* * 


{ 
“Clinical Pharmacology for Anesthesiologists" is the theme of the 22nd Annual 
Postgraduate Course of the University of Utah. This meeting will be held at the 
C’est Bon Hotel Convention Center, Park City, Utah, February 11-15, 1977. 


* * 


Clinical Advances in Pain Management, An Interdisciplinary Weekend Sym- 
posium, will be held October 23 and 24, 1976, at the Statler Hilton Hotel, New York 
City. For further information, cortact: BioMonitoring Applications, Inc., Suite 
1506, 270 Madison Avenue, New York, New York 10016. 


* ж 


Anesthetic Management of the Surgical Patient sponsored by the Depart- 
ment of Anesthesiology, University of Miami School of Medicine— Caribbean cruise 
aboard S/S Royal Viking Sea, November 29 - December 12, 1976. Contact: Sonja 
Auxier, Department of Anesthesiology, University of Miami School of Medicine, 
P.O. Box 520875 Biscayne Annex, Miami, Florida 33152. 





IN PORTABLE ECG MCNITORS... 





CONVENTIONAL 
TRACES 
FADE FAST 
AMERICAN OPTICAL'S 
EURA-VUE* DISPLAY 
GIVES YOU MORE TIME 
TO SEE THE ECG EVENT 
YOU DON'T WANT TO MISS 
m 








HOW VALUABLE CAN THAT BE 
UNDER BUSY О.Е CONDITIONS? 


First Class 
Permit No. 24 
Bedford, MA 


BUSINESS REPLY MAIL 
No postage stamp necessary if mailed n the United States 


Postage will be paid by: 





® 

American Optical MEDICAL DIVISION 
Crosby Drive 

Bedford, MA 01730 










CHOOSE FROM 
13 DIFFERENT 
AO PORTABLE 
MONITORS 
WITH 
DURA-VUE* 
DISPLAY 


THEY GIVE YOU UP TO 

3096 MORE TIME 
TO CATCH THE ECG EVENT 
YOU DON'T WANT TO MISS 





Line- Battery- 
Operated Operated* 













ECG, Hear: Rate, Systole Sound 


ECG, Heart Ra:e, Alarms, Systole Sound 
ECG, Digital Heart Rate, Alarms, Systole Sound 
ECG, Digital Heart Rate, ДЕНЕ Systole Sound, Blood Pressure/ 
Pulse 


ECG, Alarms, Systole Sound, Digital Display with Scan of Heart 
Rate, Blood Pressure/Pulse, Temperature 


Telemetry ECG, Heart Rate, Alarms, Systole Sound 


Telemetry ECG, Digital Heart Rate, Alarms, Systole Sound 


*Battery-operated units can be operated 
from line while recharging except 1700. 
® 


American Optical MEDICAL DIVISION, Bedford, MA 01730 


Gentlemen: 


L] Please have a salesman call for an appointment to explain more 
about the AO 1600 Series and 1700 Portable Monitors. 


Name Title 





Hospital 





Address 





City State Zip 





Telephone 
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JACKSON-REES MODIFICATION OF 
AYRE'S T-PIECE 
as used by leading children’s hospitals 


This Infant's Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There аге no valves 

to go wrong, or cause added resistance. Dead space = 
been cut to an absolute minimum. Only seconds requi ed 
to change from Maskto Intubation Setup. 










Standard 15mm and 78” Mask Tapers 


330ES 






Gas Machine 
-— Fresh Gas 









620-15 Ê 27, 330-155 
ТО RECEI! 7 = THE FOLLOWING LIST — 
QUOTE NUMBER 330-15 HFSC 
1 of 330ES. 5 It. R/B Bag c/w End Plug 
1 of 336-151 ` 5mm Bag Mount 
1 of 336-1EL Corrugated tube 11" long c/w 15mm 
mourts 
1 of 330-1&575mm Catheter Mount c/w fresh gas 
iniet 
1 of 3301 Fr-sh Gas Feed Tube 
1 of 620-1£ Magill Oral 15mm Connector Size 4.0 
1 of 7001M Bightweight Facepiece Angle 
332-F 1 of 332E F.exdell-Baker-Soucek Mask Size 1 


7001M 





RECOMMENC ED BUT NOT INCLUDED 


6 (1 each) [30°F Foregger Coles Tubes 8 to 18 F.G. 
1 No. 332F Fendell-Baker-Soucek Mask Size 2 


We recommend you purchase a 330LC 1 No. 3321. Fendell-Baker-Soucek Mask Size 3 
Leather Case to store this equipment 1 330LC Lætt er Case 


— prevents loss or damage. 1 of 330-15 Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTE AL EQUIPMENT 


A division of Claudius Ash Incorper- ted 
655 - 73rd Street, Niagara Falls, Nes York 14304 


SEND FOR COMPLETE LITERATURE 


THE 
UNPROTECTED EYE 
THAT WAS 
^PROTECTED" 
WITH TAPE. 





After tape removal, corneal damage is not After fluorescein staining, the green band delin- 
evident on gross inspection. eates area of epithelial injury. 


Corneal abrasion...the most common ocular been used as an added precaution before the 
complication of general anesthesia. ?'It is pain- tape was applied. 

ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection!” 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 


This patient s eyes were taped shut and chemical insult, dehydration, or corneal 
monitored throughout a surgical procedure abrasion. 

that lasted several hours. No ocular lubricant 

was used? The cause of the corneal abrasion Whether you tape or not, make Lacri-Lube 


is unknown...but it might have been prevented a part of your standard procedures to minimize 
if Lacri-Lube® sterile ophthalmic ointment had е risks of general anesthesia. 


LACRFLUBE 


sterile ophthalmic ointment 


IT'S EXTRA INSURANCE. 


References: 1. Snow, J.C. et ol: Corneal Injuries During Genera’ Anesthesia, Anesthesia and Analgesia 54:465 (Jul-Aug) 1975. 2. Terry, H.R. et al 
Untoward Ophthalmic and Neurologic Events of Anesthesia, Surg Clin N Amer 45:927 1965. 3. Dota on file, Allergan Pharmaceuticals 


Al|gRGAN Irvine, California/Pointe Claire, PQ., Canada © 1976 Allergan Pharmaceuticals 
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ТИН ЕНИ a ЕНИН E E E j 
" Digital Readout of Vital Signs 


о зо 5 


ECG with One or 
"wo Pressure Displays 





Optional Recorder with 
Alphanumeric Printout 





Tektronix’ new 414 Single Pressure anc 414FA  Heartrateand pulse pressure failure alarms 

Dual Pressure Monitors with hard copy recorder. aan i 

Just compare for yourself: at $4200 anc 54800 ° А O't3ttery operation 

you won't find more capability in a portable in- • Measu=s only 9.5 x 9.0 x 11.7 in Weight: 18 Ib. 

strument-—and you won't find it in a тою com- „ десс option providing single channel ana- 

US зер н дды) Кыш, ee ofthe 414 оз (printout) of ECG or pressure channels, 

an Without recorders are only plus alphanumeric printout of elapsed 

$2700 and $3200.) lf vou real time, patient temperature, heart rate, 
Esa est systolic/diastolic and mean 


Compare these features with any Pss DX a 
other monitor's: Leg E d Tektrcr ix blood pressures 
Medical Products > 
* Two or three-trace crt display: Mesa Saks tau For more information 
ECG, arterial/venous, and the | 4 
third trace arterial pressure е ] г CALL TOLL FREE 
-m 800 547-4804 


channel 


* Digital readout of heart rate, 
temperature, mean blood 
pressure, or alternating 
Systolic/diastolic blood 
pressures 


* Three selectable sweep Г ==== " | 
speeds чи: E 1 
| or , TEKTRONI» 


or write, Tektronix, Inc., 
P.O. Box 500, 
Beaverton, OR 97077. 


U. S. sales price FOB Beaverton, Ore 





m3 committed to 
" technical excellence 


Nesacaine 


(Chloroprocaine Hydrochloride) 


196 and 2% solution in 30-ml. multiple-dose vials 
For Infiltration and Regional Anesthesia 


Nesacaine-CE 


(Chloroprocaine Hydrochloride) 


2% and 3% solution in 30-ml. single-dose vials 


For Caudal and Epidural Anesthesia 


INDICATIONS 

NESACAINE in multiple dose vials and NESACAINE-CE in 
single dose vials without preservatives are indicated for 
production of local anesthesia by infiltration injection ага 
nerve block.* 

*NESACAINE in multiple dose vials with preservatives is 
not to be used for caudal or epidural anesthesia. 
NESACAINE-CE contains no preservatives and the unused 
portion must be discarded after initial use. 


CONTRAINDICATIONS 

NESACAINE and NESACAINE-CE are contraindicated in 
patients hypersensitive to drugs of the PABA ester group. 
Central nervous system disease is generally considered 2 
contraindication to caudal or epidural nerve block. 


WARNINGS 

RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE 
IMMEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC 
IS USED. As NESACAINE-CE contains no preservative, 
discard unused drug remaining in vial after initial use. 
Equipment and drugs necessary for the treatment of inac- 
vertent intravascular injection, intrathecal injection, or 
excessive dosage should be immediately available. 

Usage in Pregnancy: Safe use of chloroprocaine hydro- 
chloride has not been established with respect to adverse 
effects upon fetal development. Therefore, it should not be 
used in women of childbearing potential unless in the judg- 
ment of the physician the potential benefits outweigh the 
unknown hazards. In obstetrics, if vasoconstrictor drugs are 
used either to correct hypotension or are added to the Iczal 
anesthetic solution, the obstetrician should be warned that 
some oxytocic drugs may cause severe persistent hyperten- 
sion and even rupture of a cerebral blood vessel may occur 
during the post partum period. 

Solutions containing vasoconstrictors, particularly epi- 
nephrine and norepinephrine, should be used with extreme 
caution in patients receiving certain antidepressants such as 
MAO inhibitors, and tricyclic compounds since a severe 
prolonged hypertension may occur. 


PRECAUTIONS 
The lowest dosage that results in effective anesthesia should 
be used to avoid high paama levels and serious undesirable 
systemic side effects. Tolerance varies with the status of the 
patient. Debilitated patients, elderly patients, acutely ill 
patients, and children should be given reduced doses cam- 
mensurate with their age and physical status. 
Solutions containing vasoconstrictors should be used 
cautiously in the presence of disease which may adversely 
affect the patient's cardiovascular system. 
Chloroprocaine hydrochloride should be employed cau- 
tiously in persons with known drug allergies or sensitivities. 
The decision whether or not to use local anesthesia in the 
following conditions depends on the physician's appraisal of 
the advantages.as opposed to the risk: 
Paracervical block when fetal distress is anticipated cr 
when predisposing factors causative of fetal distress are 
present (i.e., toxemia, prematurity, diabetes, etc.). Injec- 
tion of solutions containing epinephrine in areas where 
the blood supply is limited (i.e., ears, nose, digits, etc.) or 
when peripheral vascular disease is present. 


ADVERSE REACTIONS 

Adverse reactions result from high plasma levels due to 
rapid absorption, inadvertent intravascular injection or 
excessive dosage. Hypersensitivity, idiosyncrasy, or di- 
minished tolerance are other causes of reactions. Reactions 
due to overdosage (high plasma levels) are systemic anc 
involve the central nervous system and the cardiovascular 
system. 

Reactions involving the central nervous system are charac- 
terized by excitation and/or depression. Nervousness, с zzi- 
ness, blurred vision or tremors may occur followed by 
drowsiness, convulsions, unconsciousness and possibly 
respiratory arrest. Since excitement may be transient or 
absent, the first manifestations may be drowsiness merging 
into unconsciousness and respiratory arrest. 


P CAUDAL AMO EPMDUEAL 
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Reactions involving the cardiovascular system include 
depression of the myocardium, hypotension, bradycardia 
and even cardiac arrest. 

Treatment of a patient with toxic manifestations consists of 
maintaining an airway, and supporting ventilation using 
oxygen and assisted or controlled respiration as required. 
Supportive treatment of the cardiovascular system consists 
of using vasopressors, preferably those that stimulate the 
myocardium (e.g., ephedrine) and intravenous administration 
in small increments of an ultrashort acting barbiturate 

(i.e., thiopental, thiamylal) or a short acting barbiturate if 
these are not available (secobarbital, pentobarbital) or a 
short acting muscle relaxant (succinylcholine), together with 
oxygen. Muscle relaxants and intravenous barbiturates 
should be used only by those familiar with their use. 

Allergic reactions are characterized by cutaneous lesions, 
urticaria, edema and other manifestations of allergy. The 
detection of sensitivity by skin testing is of doubtful value. 


DOSAGE AND ADMINISTRATION 

The maximum single recommended doses of chloroprocaine 
hydrochloride are: without epinephrine, 800 mg.; with 
epinephrine (1:200,000), 1000 mg. The recommended dosage 
is based on requirements for the average adult and should 
be reduced for elderly or debilitated patients and children. 
The recommended doses given below serve only as a guide 
to the amount of anesthetic required for most routine 
procedures. 


1. INFILTRATION AND NERVE BLOCK (NESACAINE) 


Type of Block Volume Concentration 
Occipital 3-5 ml. 196-296 
Mandibular 2-3 ml. 296 
Maxillary 2-3 ml. 296 
Infra-orbital 0.5-1 ml. 296 
Cervical 3-4 ml. 196-296 
(for each segment) 

Brachial plexus 30-40 ml. 296 
Ulnar nerve 3-5 ml. 2% 
Paravertebral 3-5 ml. 296 
Intercostal 3 ml. 196-296 
Sciatic nerve 10-15 ml. 296 
Stellate ganglion 5-10 ml. 196-296 
Lumbar sympathetic 

(1 needle technic) 15-20 ml. 196-296 
Interdigital 3-4 ml 196-296 


(without epinephrine) р 
Fractional doses, up to 300 to 600 mg., may be given 
at 50 minute intervals. 


2. CAUDAL AND EPIDURAL BLOCK (NESACAINE-CE) 

For caudal anesthesia the initial dose is 15 to 25 ml. of a 2% 
or 3% solution. Repeated doses may be given at 40 to 60 
minute intervals. 

For epidural anesthesia in the lumbar and sacral regions 

2.0 to 2.5 ml. per segment of a 296 or 396 solution can be 
used. The usual total volume of Nesacaine-CE is from 15 to 
25 ml. Repeated doses 2 to 6 ml. less than the original dose 
may be given at 40 to 50 minute intervals. 


HOW SUPPLIED 

Nesacaine is supplied as follows: 
196 solution (10 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per carton. 
2% solution (20 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per.carton. 

Nesacaine-CE is supplied as follows: 
2% solution (20 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 
3% solution (30 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 


Ns MENNWALT 


Pennwalt Prescription Products 
Pharmaceutical Division 
Pennwalt Corporation 
Rochester, New York 14603 
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^ œ anesthetic 
should meet your 
needs... 


Rapid Onset of Action. Saves doctor, nurse and patient time. 


Effective Anesthesia. Nesacaine (Chloroproceine Hydrochloride) offers 80% to 
90% pain-free procedures at recommended dcses 


Exceptional Safety. Less potential for postoperative complications. Nesacaine is 
rapidly hydrolized in plasma, whereas lidocaine and other amide-type local 
anesthetics are metabolized in the liver. With Nesacaine, therefore, there is minimal 
potential risk of systemic toxicity, accumulation of metabolites, stimulation of CNS 
or cardiovascular effects. 


Excellent Penetration. Chloroprocaines lipid solubility and ionization charac- 
teristics impart it with excellent penetration. 


Minimal Irritation at Injection Site. Few patient complaints about procedural pain, 
little soreness and inflammation after procedure. 


Rapid and Complete Wear-Off. No residual nu mbness, patient back to normal 
faster. 


See opposite page for brief 
prescribing information. 


Look into. | 
Nesacaine 


(Chloroprocaine Hydrochloride) 
It meets your needs. 


Documented Compatibility is 
with Epinephrine 


А m 
vitii sna Li REA nce 
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Unlike someanesthet се cents, ETHRANE® (enflurane) does 
j not Significantly increase myocardial sensitivity to exogenous 
E epinephrine.*'-? Thus ETHRANE allows an adequate margin 
of sefety during anesthesia when epinephrine is used under 
Sots the conditions prescribed for local hemostasis —with or with- 
Б out concomitant use cf |idocaine.*!-4 Of course, all customary 
precautions in the use of vasoconstrictor substances should 
iei i be ooserved. 
| Eel _ Similarly, reported data has also supported the use of 
ЕТКЕ АМЕ anesthesia in the resection of a pheochromocy- 
tome without significent increase in myocardial sensitivity to 
endcgenous catecholamines.57 

ETHRANE anesthesi« also ensures: fast induction, quick 
recovery, maintenance of cardiac rhythm, excellent muscle 
relaxation, and few a&e:effects.? 

These advantages о! ETHRANE plus its compatibility 
with subcutaneously administered epinephrine— demonstrate 
its versatility in concept and performance. 
| WARNING: Motor acivity exemplified by movement of various | 
® muscle groups and/c- seizures may be encountered with deep 


levels of ETHRANE (=пЁигапе) anesthesia. For additional warn- 
| igs, contraindications, and precautions, see following page. 


r 


ШШДЕ 


‘Please see following page for summary of product information. 
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3. Lipmann, M., Reisner, S. Epinephrine injection with enflurane anesthesia 
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›. M: U= с^ enflurane for pheochromocytoma removal. Anes 
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Ethrane 


(enflurane) 


CAUTION: Federal Law Prohibits Dispensing without Prescription 


DESCRIPTION 


ETHRANE (enflurane) is a nonflammable anesthetic agent. It is 2-chloro- 
1,1,2-trifluoroethy! difluoromethyl ether, and its structural formula is: 





CIF F 
ESS | 
H-C-C-O-C-H 
11 | 
ЕР Е 
Some physical constants of the compound are: 
Molecular weight 184.5 
Boiling point 760 mm Hg. 56.5°C 
Refractive index n 20 1.3026-1.3030 
D 
Specific gravity 25°/25°С 1.517 
Vapor pressure in mm Hg.** 20°С 174.5 
25°С 217.7 
36°C 345.2 
**Equation for calculation of enflurane vapor pressures: 
B A=7.967 
logio P=A+ È — 1678.4 К 
T T=°C + 273.16 (Kelvin) 
Partition coefficients (9 37°С 
Water-gas 0.82 
Blood-gas 1.91 
Oil-gas 98.5 
Partition coefficients (9 25°C-rubber and plastic 
Conductive rubber 74.0 
Butyl rubber 90.0 
Polyvinylchloride 120.0 
Polyethylene v2.0 
Polyurethane $1.5 
Polyolefin 1.2 
Buty! acetate ~3.0 
Solubility of enflurane in H20 at 22°C 0.275% 
Solubility of H20 in enflurane 0.13% 
Purity by gas chromatography >99.9% 
Flammability in air None 
Flammability in oxygen None 


(Entire concentration range to saturation 
at 71 and 113°F and 743 mm Hg. pressure.) 
M.A.C. (Minimum alveolar concentration) 
Man with pure oxygen 1.68. 
Man with 70% nitrous oxide 0.56 (est.) 


ETHRANE is a clear, colorless, stable liquid without added chemical sta- 
bilizers. ETHRANE has a mild, sweet odor. Storage of samples in indirect 
sunlight in clear, colorless glass for a five year period, as well as direct 
exposure for 30 hours to a 2 amp, 115 V., 60 cycle long wave U.V. light, 
produced no changes in composition detectable by gas chromatography. 

THRANE in one normal sodium methoxide-methanol solution, a strong base, 
for over six months consumed none of the alkali, indicative of strong base 
stability. ETHRANE does not decompose in contact with soda lime. ETHRANE 
does not attack aluminum, tin, brass, iron or copper. 


ACTIONS 


ETHRANE (enflurane) is an inhalation anesthetic. Induction and recovery 
from anesthesia with ETHRANE are rapid. ETHRANE does not appear to 
stimulate excess salivation or tracheobronchial secretions, or affect bron- 
chomotor tone. Pharyngeal and laryngeal reflexes are readily obtunded. The 
level of anesthesia changes rapidly with ETHRANE. ETHRANE reduces ven- 
tilation as depth of anesthesia increases. ÉTHRANE provokes a sigh response 
reminiscent of that seen with diethyl ether. 

There is a decrease in blood pressure with induction of anesthesia, fol- 
lowed by a return to near normal with surgical stimulation. Progressive in- 
creases in depth of anesthesia produce corresponding increases in hypo- 
tension. Heart rate remains relatively constant without significant bradycardia. 
Electrocardiographic monitoring or recordings indicate that cardiac rhythm 
remains stable. Elevation of the carbon dioxide level in arterial blood does 
not alter cardiac rhythm. 

While ETHRANE has been shown to sensitize the myocardial conduction 
system to epinephrine in the dog and may produce serious arrhythmias, 
studies in cats and man indicate considerable margin of safety in the admin- 
istration of epinephrine containing solutions during ETHRANE anesthesia. 
ETHRANE anesthesia has been used in medical conditions involving high 
levels of endogenous catecholamines, as well as surgical procedures in- 
volving carefully administered quantities of epinephrine containing solutions. 
On the basis of this experience, up to 10 ml. о! 1:100,000 or 1:200,000 epine- 
phrine containing solution alone or in conjunction with local anesthetics may 
be injected subcutaneously at a rate of not more than 10 mi. per minute and 
no more than 30 ml. per hour. More dilute solutions and reduced dosages 
should be used in highly vascular areas. All customary precautions in the 
use of vasoconstrictor substances should be observed. 

Muscle relaxation is adequate for intra-abdominal operation at normal 
levels of anesthesia. Should greater relaxation be necessary, minimal doses 
of muscle relaxants may be used. All commonly used muscle relaxants are 
compatible with ETHRANE. THE NONDEPOLARIZING MUSCLE RELAXANTS 
ARE MARKEDLY POTENTIATED. Neostigmine does not reverse the direct 
effect of ETHRANE. 

Biotransformation of ETHRANE in man results in low levels of serum 
fluoride ions averaging 15 mM/L. These levels are well below the 50 mM/L 
seen to produce renal damage in normal subjects; however, it is possible 
that these levels could result in damage in patients with severely impaired 
renal function or those undergoing renal transplantation. 
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INDICATIONS 
ETHRANE (enflurane) may be used for induction and maintenance of general 


anesthesia. Adequate data have not been developed to establish its applica- 
tion in obstetrical anesthesia. 


CONTRAINDICATIONS 
Seizure disorders (see WARNINGS). 


Known sensitivity to ETHRANE (enflurane) or other halogenated anesthet- 
ics. 


WARNINGS 

Increasing depth of anesthesia with ETHRANE (enflurane) produces a change 
in the electroencephalogram characterized by high voltage, fast frequency, 
Progressing through spike-dome complexes alternating with periods of elec- 
trical silence to frank seizure activity. The latter may or may not be asso- 
ciated with motor movement. Motor activity, when encountered, generally 
consists of twitching or “jerks” of various muscle groups; it is self-limiting 
and can be terminated by lowering the anesthetic concentration. This elec- 
troencephalographic pattern associated with deep anesthesia is exacerbated 
by hyperventilation producing low arterial carbon dioxide tension. The pat- 
tern serves as a warning that depth of anesthesia is excessive. Cerebral 
blood flow and metabolism studies in normal volunteers during seizure pat- 
terns show no evidence of cerebral hypoxia, and recovery appears to be 
uncomplicated. 

Since levels of anesthesia may be altered easily and rapidly, only cali- 
brated vaporizers which measure output with reasonable accuracy should 
be used. Hypotension and respiratory exchange can serve as a guide to 
anesthesia depth. With deep levels of anesthesia, more marked hypotension 
and respiratory depression are encountered. 

The action of nondepolarizing relaxants is augmented by ETHRANE. Less 
than the usual amounts of these drugs should be used. The time for recovery 
from the myoneural effect of these relaxants is greater in the presence of 
ETHRANE than for other commonly used anesthetics. 

Usage in Pregnancy: Safety in pregnancy has not been established. Repro- 
duction studies have been performed in rats and rabbits, and there is no 
evidence of harm to the animal fetus. The relevance of these studies to the 
human is not known. Since there is no adequate experience in pregnant 
women who have received the drug, safety in pregnancy has not been estab- 
lished. 


PRECAUTIONS 
Bromsulfalein (BSP) retention is mildly elevated postoperatively in some 
cases. There is some elevation of glucose and white blood count intra- 
operatively. Glucose elevation should be considered in diabetic patients. 
THRANE (enflurane) should be used with caution in patients who by virtue 
of medical or drug history could be considered more susceptible to cortical 
stimulation produced by this drug. As with other general anesthetics and 
Some muscle relaxants, hyperpyrexia has been observed with the use of 
ETHRANE. 
ADVERSE REACTIONS 


1. Motor activity exemplified by movement of various muscle groups and/or 
seizures тау be encountered with deep levels of ETHRANE (enflurane) anes- 
thesia. 

2. Hypotension and respiratory depression have been reported. 

3. Arrhythmias, shivering, nausea, and vomiting have been reported. 

4. Elevation of the white blood count has been observed. It has not been 
determined whether this is related to ETHRANE or to surgical stress. 


DOSAGE AND ADMINISTRATION 
The concentration of ETHRANE (enflurane) being delivered during anesthesia 
from a vaporizer should be known. This Шар be accomplished by using: 

a) vaporizers calibrated specifically for ETHRANE; 

b) vaporizers from which delivered flows can easily and readily be 

calculated. 

Maintenance concentration should not exceed 3%. Premedication should 
be selected according to the need of the individual patient, taking into 
account that secretions are weakly stimulated by ETHRANE and the heart 
rate remains constant. The use of anticholinergic drugs is a matter of choice. 


Induction: Induction may be achieved using ETHRANE alone with oxygen 
or in combination with oxygen-nitrous oxide mixtures. Under these conditions 
some excitement may be encountered. If excitement is to be avoided, a hyp- 
notic dose of a short-acting barbiturate should be used to induce uncon- 
sciousness, followed by the ETHRANE mixture. In general, inspired con- 
centrations of 3.5-45% ETHRANE produce surgical anesthesia in 7-10 
minutes. 


Maintenance: Surgical levels of anesthesia may be attained with 1.5-3.0% 

concentration. If added relaxation is required, supplemental doses of muscle 
relaxants may be used. Ventilation to maintain the tension of carbon dioxide 
in arterial blood in the 35-45 mm range is preferred to hyper- or hypoven- 
tilation in order to minimize possible CNS excitation. 
. The level of blood pressure during maintenance is an inverse function of 
ETHRANE concentration in the absence of other complicating problems. 
Excessive decreases (unless related to hypovolemia) may be due to depth of 
anesthesia and in such instances should be corrected by lightening the level 
of anesthesia. 


Overdosage: In the event of overdosage, or what may appear to be over- 
dosage, the following action should be taken: 

Stop drug administration; establish that the airway is clear and initiate 

assisted or controlled ventilation with pure oxygen as circumstances 

dictate. 


ADMINISTRATION EQUIPMENT 

ETHRANE (enflurane) may be administered from_a flow-through type vapor- 
izer manufactured and specifically calibrated for ETHRANE. Vaporizers which 
deliver saturated vapor at reasonable flows but are not specifically calibrated 
for ETHRANE may be used. A reasonably accurate estimation of delivered 
ETHRANE concentration may be made by use of the nomograph on the 
reverse side. 

ETHRANE contains no stabilizer. Nothing is present in the agent to alter 
calibration or affect the operation characteristics of the vaporizer. 


PACKAGING 


ETHRANE (enflurane) is packaged in 125 and 250 ml. amber bottles, No 
additives or stabilizers are present. 
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Metaraminol Bitartrate М9) 
a vasopressor with positive inotropic effect 


Indications: Based on a review of this drug by the Чайопа! 
Academy of Sciences-National Research Council and/or other 
information, FDA has classified the indications as follows 

Effective: ARAMINE is indicated for prevention and treatment 
of the acute hypotensive state occurring with spinal 
anesthesia. Adjunctive treatment of hypotension due to 
hemorrhage; reactions to medications; surgical cemplica- 


tions; and shock associated with brain damage due tc trauma 
or tumor. 

"Probably" effective: It may also be useful as an adjunct in the 
treatment of hypotension due to cardiogenic shock or sep- 
ticemia 

Final classification of the less-than-effective indicat ors re- 
quires further investigation 


Contraindications: Use should be avoided with cyclopropane or 
halothane anesthesia, unless clinical circumstances demand such 
use. 

Precautions: Use with caution to avoid excessive bloo! pressure 
response. Rapidly induced hypertensive responses have been re- 
ported to cause acute pulmonary edema, arrhythmias, amd cardiac 
arrest. Use with caution in digitalized patients, since the combina- 
tion of digitalis and sympathomimetic amines is capable »f causing 
ectopic arrhythmic activity. Treat cirrhotic patients cautiously; if 
diuresis ensues, restore electrolytes. Fatal ventricular arrhythmia 
has been reported in one patient with Laennec’s cirrhosis. In several 
instances, ventricular extrasystoles that appeared during infusion 
have subsided promptly on reduction of infusion rete. Since 
metaraminol has prolonged duration of action, a cumulative effect is 
possible, leading to prolonged elevation of blood pressure even with 
discontinuation of therapy. Monoamine oxidase inhibitors have 
been reported to potentiate action of sympathomimetic amines 
When vasopressor amines are used for long periods. resulting 





volume asc may cause perpetuation of the shock state. Plasma 
volume гга” 3e reduced in all types of shock, and measurement of 
central veqews pressure is the most useful means of assessing the 
adequacy» he circulating blood volume; blood or plasma volume 
expander swuld be employed for hypotension or shock due mainly 
to decreSec circulating volume. Because of its vasoconstrictor 
effect, mét=aminol should be used with caution in heart or thyroid 
disease, Pyvertension, or diabetes. Sympathomimetic amines may 
provoker lapse in patients with history of malaria 

Adverse 2 ections: Sinus or ventricular tachycardia, or other ar- 
rhythmias, rig y n patients with myocardial infarction. 
Abscess 2 mation, tissue necrosis, or sloughing may rarely follow 
use In c) sing the site of injection, it is important to avoid those 
areas rece gazed as not suitable for use of any pressor agent, and to 
discontinge mfusion immediately if infiltration or thrombosis oc- 
curs. Thedeger veins of the antecubital fossa or the thigh are pre- 
ferred to es in the dorsum of the hand or ankle veins, particularly 
in patiem = with peripheral vascular disease, diabetes mellitus, 
Buerger sd&=ese, or conditions with coexistent hypercoagulability. 
Note: Re pns to vasopressors may be poor in patients with coex- 
istent sh«cz ard acidosis. Established methods of shock manage- 
ment, sue 3s blood or fluid replacement when indicated, and other 
measures @vected to the specific cause of the shock state also 
should b ased. Only Sodium Chloride Injection or 5 percent 
Dextrose! yection should be used as a diluent. 

How Suppked: Injection, in 1-ml ampuls and 10-ml vials, contain- 
ing per гі metaraminol bitartrate equivalent to 10.0 mg 
metaram el inactive ingredients: sodium chloride, 4.4 mg; water 
for inject . qs. ad 1.0 ml; and 0.15% methylparaben, 0.02% pro- 
pylparaben «nd 0.2% sodium bisulfite added as 

preservate ‹ 

For more weteiled information, consult your MSD 


MSD rer-esentative or see full prescribing MERCK 
informat ст Merck Sharp & Dohme, Division SHARP; 


Thelocal that 


gives you the longest 
anesthesia 


gives your patient 
longer postoperative 
analgesia. 


Marcaine: hydrochloride (brand of bupivacaine 
hydrochloride) —available with or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the problems 
of *continuous" technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 


Extended anesthesia for 
the surgeon 


In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia at least 112 to2 
times longer than lidocaine or 
mepivacaine. And approximately 
20% longer than tetracaine. 

In fact, anesthesia may extend up 
to 9 hours for peridural block and 
up to 12 hours for peripheral nerve 
block. This has been established 
in several thousand surgical and 
obstetrical patients. 

In fact, a single Marcaine epi- 
dural injection, with or without 
epinephrine, may be enough for up 
to 316 * or more? hours of anesthesia 
for surgery, and often provides 
analgesia that carries over into the 
recovery room and beyond. When 
necessary, doses may be repeated 
up to once every three hours. Cau- 
tion is advised in administration of 
repeat doses to patients with severe 
liver disease. Until further experi- 
ence is gained, total daily dose of 





400 mg. should not be exceeded nor 
is administration to children under 
12 recommended. Also see epi- 
nephrine warnings and precautions 
statements on next page. 

This longer anesthetic action can 
minimize problems of "continuous" 
technique or repeat doses. Thus, 
there is the further advantage of a 


reduced likelihood of introducing 

infection since injections a-edess 

frequent.* 

Chart I 

Duration of anesthesia 

Percentage of patients experiencing 
anesthetic effect— 
Comparison of Marcaime with 
epinephrine and other local 
anesthetic/ epinephrine ргерагабопѕ* 





% of patients experiencing anes-hetz effect 
(at least six hours after injectiom 


100-| =Marcaine6 pts. 

= Tetracaine= © pis. 
=Mepivaceane 17 pts. 
».Lidocainc24 91s. 
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Hours after injection 

Equipotent doses used for bilateral, smu taneous 
blocks of sciztic/ femoral, intercosta., oF 
brachial/ axillary nerves. Adapted fem Moore, 
D. C.: Data in the files of the Sterlirz-Winthrop 
Research Institute. 


Extended postoperative anclgesia 





for the patient 


Marcaine. with or without epmeph- 
rine, gives your patient mose—con- 
siderably more—postanestbetzc 
analgesia than other local anes- 
thetics in various types of nepe 
block.?*^* An analgesia that per- 
sists after the return of motertunc- 
tion and even cutaneous sezsa-ion." 
Asa result, you may be able to 
defer!’ and sometimes ever el mi- 
nate,‘ postoperative narcot cs 
Chart II illustrates the averige 
duration cf time between the initial 
Marcaine injection and themes¢ 
for postop analgesics. Man- а the 
67 patients given Marcaine w th 
or without epinephrine, caudally for 
rectal surgery did not comp ain of 
pain for | | hours or longer obow- 
ing induction. 


In another group of 40 patients? 
given Marcaine or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy, Marcaine pain relief 
lasted 3 to 5 times longer than that 
provided by mepivacaine. Andina 
study! of 65 patients given 0.5% 
Marcaine with epinephrine caudally 
for rectal or other perineal surgery, 
complete sensation returned in 
a mean of 81⁄2 hours for the average 
patient. And the majority of these 
patients did not require a narcotic fo: 
an additional 1 to 3 hours. 

Chart П 
Duration of time between injection of 


Marcaine, with or without epinephrine, 
and need for postop analgesics? 


No. of 
patients 











Hours from initial injection to first 
hypodermic for pain 


t Average—exclusion of extremes and failures. 
Adapted from Lund, PC., et al.: Anesth. Analg 
49:103, Jan.-Feb. 1970. 


Excellent clinical acceptance 


Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.? Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained 
paracervical block is not recom- 


mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia" 
Extends the limits of time in postoperative analgesia’ 


Marcaine 


bupivacaine 


with or without epinephrine 


hydrochloride 
drochloride 


:=00,000 


Winthrop) 


(24) 


MARCAINE? Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained, 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage, correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic 
side effects. Injection of repeated doses of 
Marcaine may cause significant increase 
in blood levels with each additional dose, 
due to accumulation of the drug or its 
metabolites or due to slow metabolic 
degradation. Tolerance varies with the 
status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
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employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene. 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease. 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness, dizziness, 
blurred vision, or tremors, followed by 
drowsiness, convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils, or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance. are characterized by 
cutaneous lesions (e.g., urticaria), edema, 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing is of 
doubtful value 

Reactions following epidural or caudal 
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Ега it Epinephrine* Methyl- Sodium Thio- 
(brand of bu- ] с 
pivacaine НСІ) paraben Bisulfite glycerol Acid 
% mg/m.  Dilutien | mg./ml. mg./ml. ml./ml. mg./ml 









0.5 001 
0.5 001 


MULTIPLE DOSE VIAL 
Ascorbic 60% Sod. Edetate 


Not Available in Vials 





anesthesia also may include: high or total 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache; and 
slowing of labor and increased incidence 
of forceps delivery. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
vasopressors (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g., seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 

References: 1. Moore, D. C., Bridenbaugh, L. D., 
Bridenbaugh, P. O., er al.: Bupivacaine, a review 
of 2,077 cases, J.A4.M.A. 214:713, Oct. 26, 1970. 
2. Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P. O., et al.: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970. 3. Hollman, A.: Axillary plexus block: 
a double-blind study of 59 cases using mepivacaine 
and LAC-43, Acta Anaesthesiol. Scand., Suppl. 
21:53, 1966. 4. Bromage, P. R.: A comparison of 
bupivacaine and tetracaine in epidural anesthesia 
for surgery, Can. Anaesth. Soc. J. 16:37, Jan. 1969, 
5. Lund, P C., Cwik, J. C., and Vallesteros, Е: 
Bupivacaine—a new long-acting local anesthetic 
agent, a preliminary clinical and laboratory report, 
Anesth. Analg. 49:103, Jan.-Feb. 1970. 6. Wise, 
С. Е: Guest Discussions, Anesth. Analg. 49:113, 
Jan.-Feb. 1970. 7. Moore, D. C.: Data in the files 
of the Sterling-Winthrop Research Institute. 

8. Puento-Egido, J. J., Dudeck, J., and Nolte, H.: 
The clinical use of the local anesthetic agent 
Marcaine (Carbostesin®), Anaesthesist 16:224, 
August 1967. 9. Data in the files of the Sterling- 
Winthrop Research Institute. (1664MB) 
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Lactate Calcium | Bisulfite glycerol Acid Lactate Calcium 
Disodium Disodium 
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Note: The pH of these salutions is adjusted with sodium hydroxide or hydrochloric acid. Sodium chloride has been added to make 
each solution isotonic. 
*Solutions of Marcaine that contain epinephrine should not be autoclaved. 





Federal law prohibits dispensing without a prescription. 
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NARKOMED, a refreshing new concept | NORTH AMERICAN DRAGER 
in anesthesia machine design and styling, l P.O. Box 121 
incorporating a contemporary anesthesia | Telford, Pa. 18969 
dispensing system with a built-in fluidic ems sase send information on the NARKOMED 
anesthesia ventilator and the widest var ety | TOTAL ANESTHESIA SYSTEM 
of options | — P?*ease include a copy of Anesthesia Accessories 
í А Catalog 
Please return the accompanying couDon ease send information on 
for further information. 
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V EHSAT ONE: MULTI-PURPOSE DOPPLER INSTRUMENT 


FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 





FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 





VERSATONE D8 DOPPLER 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


МЕР SONICS For more information call or write: 
P.O. Box M (340 Pioneer Way) Mountain View, CA (415) 965-3333 
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e As an adjunct to general anesthesia 
e As a supplement to regional 
anesthesia 
* Used witl 4 general anesthetic 
sed without a general anesthetic 
qin certain diagnostic procedures 


INNOVAR* injection is available for use only upon direc- 
tion of a physician 






as the citrate 
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ach (t. contains FOR INTRAVENOUS 
fete. oa no NULLIS i 
as the citrate Usual 
Warning— May be habit forming: "- 
М i d 
Droperidol. ............ . 25mg, a 


mation for use, see accom: 
panying product literature, 


ANATFAT PANAGAN” 


Lactic acid for pH adjustment 
3.5 +03 





Special ecucational material available 
A Programmed Instruction Manual on the chem- 


istry, pharmacology and clinical applications of 
INNOVAPF injection and its components is avail- 
able trom McNeil Laboratories. For further 
informati: n, please write: Product Director, 
INNOVAE injection, McNeil Laboratories, Inc., 
Fort Wasnirgton, Pa. 19034. 


© McN 1975 


For prescribing information including Contraindications, Warnings, Precau-iors and Adverse Reactions, please turn page 






Innovar" injection (7 


The two components of INNOVAR® injection, fentanyl and 
droperidol, have different pharmacologic actions. Before administering 


INNOVAR injection, the user should familiarize himself with the special 
properties of each drug, particularly the widely differing durations of 
action. 


DESCRIPTION 


Each cc. contains (in a 1:50 ratio): 
РАШИ MM о оаа оомат 
as the citrate 


EMO cocus 7) seis c bu AN REESE RR RI CE FE Roe 2.5 mg. 
Lactic acid for adjustment of pH to 3.5 0.3 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY 
Protect from Light 


ACTIONS INNOVAR injection is a combination drug containing a narcotic 
analgesic, fentanyl, and a neuroleptic (major tranquilizer), droperidol. The 
combined effect, sometimes referred to as neuroleptanalgesia, is characterized 
by general quiescence, reduced motor activity, and profound analgesia; complete 
loss of consciousness usually does not occur from use of INNOVAR injection 
alone. The incidence of early postoperative pain and emesis may be reduced. 
A. Fentanyl is a narcotic analgesic with actions qualitatively similar to those 
of morphine and meperidine. Fentanyl in a dose of 0.1 mg. (2.0 cc.) is 
approximately equivalent in analgesic activity to 10 mg. of morphine or 75 
mg. of meperidine. The principal actions of therapeutic value are analgesia 
and sedation. Alterations in respiratory rate and alveolar ventilation, 
associated with narcotic analgesics, may last longer than the analgesic 
effect. As the dose of narcotic is increased. the decieace in pulmonary 
exchange becomes greater. Large doses may produce apnea. Fentanyl 
appears to have less emetic activity than other narcotic analgesics. 
istamine assays, and skin wheal testing in man, as well asin vivo testing in 
dogs indicate that histamine release rarely occurs with fentanyl 


Fentanyl may cause muscle rigidity, particularly involving the muscles of 
respiration. It may also produce other signs and symptoms characteristic 
of narcotic analgesics including euphoria, miosis, bradycardia, and 
bronchoconstriction. 


The onset of action of fentanyl is almost immediate when the drug is given 
intravenously; however, maximal analgesic and respiratory depressant 
effect may not be noted for several minutes. The average duration of action 
of the analgesic effect is 30 to 60 minutes. Following intramuscular 
administration, the onset of action is from seven to eight minutes, and the 
duration of action is from one to two hours. Although the duration of the 
respiratory depressant effect is unknown, as with other narcotic analgesics, 
it may be considerably longer than the analgesic effect. 


B. Droperidol produces marked tranquilization and sedation. It also produces 
an antiemetic effect as evidenced by the antagonism of apomorphine in 
dogs. It potentiates other CNS depressants. It also produces mild alpha 
adrenergic blockade, peripheral vascular dilatation and reduction of the 
pressor effect of epinephrine. Droperidol can produce hypotension and 
decreased peripheral vascular resistance. It may decrease pulmonary 
arterial pressure (particularly if it is abnormally high). It may reduce the 
incidence of epinephrine-induced arrhythmias but it does not prevent other 
cardiac arrhythmias. The onset of action is from three to ten minutes 
following intravenous or intramuscular administration. The full effect, 
however, may not be apparent for 30 minutes. The duration of the sedative 
and tranquilizing effects generally is two to four hours. Alteration of 
consciousness may persist as long as 12 hours. This is in contrast to the 
much shorter duration of action of fentanyl. 


INDICATIONS INNOVAR injection is indicated to produce tranquilization 
and analgesia for surgical and diagnostic procedures. It may be used as an 
anesthetic premedication, for the induction of anesthesia, and as an adjunct in the 
maintenance of general and regional anesthesia. If the supplementation of 
analgesia is necessary, SUBLIMAZE® (fentanyl) injection alone rather than the 
combination drug INNOVAR injection should usually be used. 


CONTRAINDICATIONS INNOVAR injection should not be used in patients 
who are hypersensitive to either component. 


WARNINGS PATIENTS WHO HAVE RECEIVED /NNOVAR INJEC- 
TION SHOULD BE UNDER APPROPRIATE SURVEILLANCE. 


RESUSCITATIVE EQUIPMENT AND A NARCOTIC ANTAGONIST 
SHOULD BE READILY AVAILABLE TO MANAGE APNEA. 


The respiratory depressant effect of narcotics persists longer than their 
measured analgesic effect. When used with INNOVAR injection, the total dose 
of all narcotic analgesics administered should be considered by the practitioner 
before ordering narcotic analgesics during recovery from anesthesia. Ut is 
recommended that narcotics, when required, be used initially in reduced doses, 
as low as 1/4 to 1/3 those usually recommended. 


INNOVAR injection may cause muscle rigidity, particularly involving the 
muscles of respiration. This effect is due to the fentanyl component and is related 
to the speed of injection, Its incidence can be reduced by the use of slow 
intravenous injection. Once the effect occurs й is managed by the use of assisted 
or controlled respiration and by а neuromuscular blocking drug. if necessary. 


FLUIDS AND OTHER COUNTERMEASURES TO MANAGE HY PO- 
TENSION SHOULD ALSO BE AVAILABLE. 


Drug Dependence: Fentanyl, the narcotic analgesic component, can produce drug 
dependence of the morphine type and therefore has the potential for being 
abused. 

Severe and unpredictable potentiation by MAO inhibitors has been reported with 
narcotic analgesics. Since the safety of fentanyl, in this regard, has not been estab- 
lished, the use of INNOVAR injection or SUBLIMAZE fentanyl in patients 
who have received MAO inhibitors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure: IN NOV AR injection should be 
used with caution in patients who may be particularly susceptible to respiratory 
depression such as comatose patients who may have a head injury or brain tumor. 
In addition, these drugs may obscure the clinical course of patients with head 
injury. 

Usage in Children: The safety of INNOVAR injection inchildren two years of age 
or younger has not been established. 











Usage in Pregnancy: The safe use of INNOVAR injection has not been 
established with respect to possible adverse effects upon fetal development. 


Therefore, it should be used in women of childbearing potential only when, in the 
judgment of the physician, the potential benefits outweigh the possible hazards. 
There are insufficient data regarding placental transfer and fetal effects; 
therefore, safety for the infant in obstetrics has not been established. 


PRECAUTIONS  T/e initial dose of INNOVAR injection should be appropriate- 
ly reduced in elderly, debilitated and other poor risk patients. The effect of the 
initial dose should be considered in determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anesthesia and some 
peridural anesthetics, can alter respiration by blocking intercostal nerves, and can 
cause peripheral vasodilatation and hypotension because of sympathetic 
blockade. Through other mechanisms (see Actions) fentanyl and droperidol also 
depress respiration and blood pressure. Therefore, when INNOVAR injection is 
used to supplement these forms of anesthesia, the anesthetist must be familiar 
with the physiological alterations involved, and be prepared to manage them in 
the patients selected for this form of anesthesia. 


The droperidol component of INNOVAR injection may decrease pulmonary 
arterial pressure. This fact should be considered by those who conduct diagnostic 
or surgical procedures where interpretation of pulmonary arterial pressure 
measurements might determine final management of the patient. 


Vital signs should be monitored routinely. 


INNOVAR injection, and SUBLIMAZE fentanyl, should be used with caution 
in patients with chronic obstructive pulmonary disease, patients with decreased 
respiratory reserve, and others with potentially compromised ventilation. In such 
patients narcotics may additionally decrease respiratory drive and increase 
airway resistance. During anesthesia this can be managed by assisted or 
controlled respiration. Postoperatively respiratory depression caused by 
narcotic analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine, and naloxone); consult individual prescribing information before 
using. 


Other CNS depressant drugs (e.g. barbiturates, tranquilizers, narcotics, and 
general anesthetics) have additive or potentiating effects with INNOVAR 
injection. When patients have received such drugs, the dose of INNOVAR y, 
injection required will be less than usual. Likewise, following the administration 
of INNOVAR injection the dose of other CNS depressant drugs should be 
reduced. 


INNOVAR injection should be administered with caution to patients with liver 
and kidney dysfunction because of the importance of these organs in the 
metabolism and excretion of drugs. 


If hypotension occurs, the possibility of hypovolemia should be considered and 
managed with appropriate parenteral fluid therapy, Repositioning the patient to 
improve venous return to the heart should be considered when operative 
conditions permit, It should be noted that in spinal and peridural anesthesia, 
tilting the patient into a head down position may result in a higher level of 
anesthesia than is desirable, as well as impair venous return to the heart. Care 
should be exercised in the moving and positioning of patients because of the 
Possibility of orthostatic hypotension. If volume expansion with fluids plus these 
other countermeasures do not correct the hypotension, then the administration of 
pressor agents other than epinephrine should be considered. Epinephrine may 
paradoxically decrease the blood pressure in patients treated with INNOVAR 
injection due to the alpha-adrenergic blocking action of droperidol. 


The fentanyl component may produce bradycardia, which may be treated with 
atropine; however, INNOVAR injection should be used with caution in patients 
with cardiac bradyarrhythmias. 

When the EEG is used for postoperative monitoring, it may be found that the 
EEG pattern returns to normal slowly. 


ADVERSE REACTIONS The most common serious adverse reactions reported 
to occur with INNOVAR injection are respiratory depression, apnea, muscular 
rigidity, and hypotension; if these remain untreated, respiratory arrest, 
circulatory depression or cardiac arrest could occur. 


Extrapyramidal symptoms (dystonia, akathisia, and oculogyric crisis) have been 
observed up to 24 hours postoperatively. When they occur, extrapyramidal 
symptoms can usually be controlled with anti- parkinson agents. 


Other adverse reactions that have been reported are dizziness, chills and/or 
shivering, twitching, blurred vision, hyperactivity on induction, laryngospasm, 
transient hypertension, nausea and emesis, diaphoresis, emergence delirium, 
and postoperative hallucinatory episodes (sometimes associated with transient 
periods of mental depression). 


Postoperative drowsiness is also frequently reported. 


OVERDOSAGE Manifestations: The manifestations of INNOVAR injection 
overdosage are an extension of its pharmacologic actions. 


Treatment: |n the presence of hypoventilation or apnea, oxygen should be 
administered and respiration should be assisted or controlled as indicated. A 
patent airway must be maintained; an oropharyngeal airway or endotracheal tube 
might be indicated. If depressed respiration is associated with muscular rigidity, 
an intravenous neuromuscular blocking agent might be required to facilitate 
assisted or controlled respiration. The patient should be carefully observed for 24 
hours; body warmth and adequate fluid intake should be maintained. If 
hypotension occurs and is severe or persists, the possibility of hypovolemia 
should be considered. A specific narcotic antagonist such as nalorphine, 
levallorphan or naloxone should be available for use as indicated to manage 
respiratory depression caused by the narcotic component fentanyl. This does not 
preclude the use of more immediate countermeasures. Consult the package 
inserts for the individual narcotic antagonists for details about use. 


HOW SUPPLIED  INNOVAR*" injection is supplied in 2 cc. (NDC 0045-0280- 
20) and 5 cc. (NDC 0045-0280-50) ampuls, in packages of 10. 


IMPORTANT: Complete dosage information is available in insert which accom- 
panies each package (or on request). The drug is available only upon direction of a 
physician 

U.S. Patent No. 3,141,823 9/74 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 








The Fenwal Dry Heat Blood Warmer is iscesigned for use during single 
or multiple transfusions when precise regulation of biocc emperature and flow rate is 
indicated. It utilizes a disposable plastic blood-warming c=thway. 


Fenwal Recipient Sets are available to accommodate your infusion 
requirements. The Single Lead Set is to be used for the riravenous administration of 
one unit of whole blood, red cells or plasma. The “Y” Recicient Set is designed to permit 
dual hookups for simultaneous administration of blood and/or solutions. The Triple 
Lead Set may be employed in multiple infusion procedures, i.e., blood, solutions, blood 
components and medication. ; RS 


The Fenwal Microaggregate Blood Filter is designed to remove 


microaggregates down to 20 microns in size during. intras venous administration of 
stored whole blood or red cells. : 


Fenwal Pressure Infusors meom an efficent non-air-dependent method 
for the rapid infusion of whole blood or red cells. i 


The Fenwal TYPENEX" Blood Recipient 


Identification System: ties together the idenii, of the transfusion candidate, 
his cross-match AN form, blood Раа Я and up to TOcross- matched units of blood. 


The Fenwal Venous Pressu re Manome тег Set isa disposable, 
preassembled unit that permits: continuous monitoring ‹ > ће patient's venous pressure 
while performing one simple hookup. | 
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The Fenwal Platelet ae Set des cned specifically for the 


infusion of fresh blood and i im et ав 3 





Our best to you 


Fenwal Laboratories has long been identified with innovation in modern blood 
handling systems. Our knowledge and experience iin developing and providing 
sophisticated blood processing systems have earned a reputation for 
excellence. Thoroughly researched and tested to meet the demands of the 
medical profession, you can expect the same quality in Fenwal operating room 
devices that helped achieve our recognition with the nation's blood banks. 

The Fenwal Specialist in your hospital can provide you and the other 
members of the operating team with completely detailed information on all of 
our products. Intensive training makes him fully qualified to answer your most 
involved questions regarding up-to-date blood transfusion procedure. Be sure 
to see your Fenwal Specialist the next time he visits your department. 


FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Deerfield, Illinois, U.S.A. 60015, 
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. When you 


need to know 
| DInaMaP. for non-invasive, routine 


monitoring of arteriel pressure? 


Using: An ordinary press~re cuff with no 
transducer. Easily attached to any limb: 
Provides: Automatic determination and digital 
display of mean arterial pressure. 


Write or call for your demonstration. 








Ag plied Medical Research 
6 Columbia Drive 
Tampa, Fla. 33606 
(£13) 251-8390 





Dept. 3 






tAudible pulse monitor optional 
"Including patient preferred ank 
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ANESTHESIA and ANALGESIA . . . Current Researches 


Selected cases for 
Ketalar (ketamine 


(and a caution) 


There are certain situations where 
the advantages of Ketalar suggest 
its serious consideration. 


Four such hypothetical situations are 
detailedhere. A fifth hypothetical case 
illustrates a situation in which Ketalar 


probably should be used only 
with caution. 
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Geriatric surgical 
procecure 


Ketalar offers advantages in minor 
rectal surge-y on elderly patients. 
When properly administered, Ketalar 
usually does not depress the 
patients blood pressure or pulse 
rate, which can be a distinct 
advantage with any patient who is 
likely to develop hypotension. 
Further, emergence reactions 
normally are not a problem with 
patients in the older age group 
(over 65). 





Severely burned 
patients 

Patients with severe burns —and 
particularly children —are often 
excellent cases for Ketalar. In 
children, Ketalar offers rapid surgical 
anesthesia (generally within three to 
four minutes) at a range of 9 to 

13 mg/kg, with the effect lasting from 
12to 25 minutes (the time intervals 
are for IM, not IV). Intramuscular 
administration avoids the possible 
difficulty in locating the vein in burn 
patients (particularly helpful in 
children where the veins are small). 
IM administration is also convenient 
and effective for repeated short-term 
anesthesia for such procedures as 
changing burn dressings, and skin 
grafts. 
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ў Manipulative 

. diagnostic procedure 
.. Ketalar facilitates diagnostic 
procedures in which the patient must 
be moved freely, and in which the 
maintenance of unaided respiration 
is essential. The pneumoencephalo- 
gram is an example. Once anesthesia 
is established, the patient can be 
transferred froma supine to an 
upright, supported position with 
ease since Ketalar maintains 
adequate unaided respiration, and 
there is minimal relaxation of the 
skeletal muscles. 
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Emergency room 
treatment 

A good case for Ketalar can be raade 
for use in accident victims wita 
unknown medical histories br»: ght 
to the emergency room. In the 
absence of positive medical hesacry, 
Ketalar can be a useful agent 
because of its wide margin ofs ty. 
Considerat on should be givea «<: 
the effects of a significant incase 
in blood pressure, hypersensri Ey 
to the drug, and an elevation т 
cerebrospinal fluid pressure. <etalar 
also provices the benefit of гар 
onset, and decreases the hanc of 
aspiration »ecause of active larn- 
geal-pharyngeal reflexes. 


A caution: 

Caution should be exercised when 
administering Ketalar to patients 
who are known to be alcoholics or 
who are acutely alcohol-intoxicated 
as such patients may be prone to 
untoward reactions. 


Please see following page for brief summary 
of prescribing information. 


advancement in Ketalar 


anesthesiology lex) (Ketamine HCI injection) 
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Brief summary of prescribing information. 


SPECIAL NOTE 


EMERGENCE REACTIONS HAVE OCCURRED 
IN APPROXIMATELY 12% OF PATIENTS. 


THE PSYCHOLOGICAL MANIFESTATIONS 
VARY IN SEVERITY BETWEEN PLEASANT, 
DREAMLIKE STATES, VIVID IMAGERY, 
HALLUCINATIONS, AND EMERGENCE 
DELIRIUM. IN SOME CASES, THESE STATES 
HAVE BEEN ACCOMPANIED BY CONFU- 
SION, EXCITEMENT, AND IRRATIONAL 
BEHAVIOR WHICH A FEW PATIENTS RE- 
CALL AS AN UNPLEASANT EXPERIENCE. 
THE DURATION ORDINARILY LASTS NO 
MORE THAN A FEW HOURS; IN A FEW 
CASES, HOWEVER, RECURRENCES HAVE 
TAKEN PLACE UP TO 24 HOURS POST- 
OPERATIVELY. NO RESIDUAL PSYCHO- 
LOGICAL EFFECTS ARE KNOWN TO HAVE 
RESULTED FROM USE OF KETALAR. 


THE INCIDENCE OF THESE EMERGENCE 
PHENOMENA IS LEAST IN THE YOUNG (15 
YEARS OF AGE OR LESS) AND ELDERLY 
(OVER 65 YEARS OF AGE) PATIENT. ALSO, 
THEY ARE LESS FREQUENT WHEN THE 
DRUG IS GIVEN INTRAMUSCULARLY. 


THESE REACTIONS MAY BE REDUCED IF 
VERBAL, TACTILE, AND VISUAL STIMULA- 
TION OF THE PATIENT IS MINIMIZED DUR- 
ING THE RECOVERY PERIOD. THIS DOES 
NOT PRECLUDE THE MONITORING OF 
VITAL SIGNS. IN ADDITION, THE USE OF A 
SMALL HYPNOTIC DCSE OF A SHORT- 
ACTING OR ULTRASHORT-ACTING BAR- 
BITURATE MAY BE REQUIRED TO TERMI- 
NATE A SEVERE EMERGENCE REACTION. 
THE INCIDENCE OF EMERGENCE REAC- 
TIONS IS REDUCED AS EXPERIENCE WITH 
THE DRUG IS GAINED 


WHEN KETALAR IS USED ON AN OUT- 
PATIENT BASIS, THE PATIENT SHOULD 
NOT BE RELEASED UNTIL RECOVERY 
FROM ANESTHESIA IS COMPLETE AND 
THEN SHOULD BE ACCOMPANIED BY A 
RESPONSIBLE ADULT. 


INDICATIONS 


Ketalar (ketamine HCI injection) is 
recommended: 


1. as the sole anesthetic agent for diagnostic 
and surgical procedures that do not require 
skeletal muscle relaxation. Ketalar is best 
suited for short procedures but it can be 
used, with additional doses, for longer 
procedures; 

2. for the induction of anesthesia prior to 

the administration of other general 
anesthetic agents; 


3. to supplement low-pctency agents, such 
as nitrous oxide. 


CONTRAINDICATIONS 

Ketamine hydrochloride is contraindicated 
in those in whom a sign ficant elevation of 
blood pressure would constitute a serious 
hazard and those who have shown hyper- 
sensitivity to the drug. 


WARNINGS 


1. Ketalar should be used by or under the 
direction of physicians experienced in ad- 
ministering general anesthetics and in main- 
tenance of an airway and in the control of 
respiration. 

2. Cardiac function should be continually 
monitored during the procedure in patients 
found to have hypertension or cardiac 
decompensation. 


3. Barbiturates and Ketalar, being chemically 
incompatible because of precipitate forma- 
tion, should not be injected from the same 
syringe. 

4. Prolonged recovery time may occur if 
barbiturates and/ or narcotics are used 
concurrently with Ketalar. 

5. Postoperative confusional states may 
occur during the recovery period. 

6. Respiratory depression may occur with 
overdosage or too rapid a rate of administra- 
tion of Ketalar, in which case supportive 
ventilation should be employed. Mechanical 


support of respiration is preferred to 
administration of analeptics. 


Usage in Pregnancy 
Since the safe use in pregnancy, including 
obstetrics (either vaginal or abdominal 


delivery), has rot been established, such 
use is not recommended. 


PRECAUTIONS 


1. Because pharyngeal and laryngeal reflexes 
are usually active. Ketalar (ketamine HCI 
injection) shoutd not be used alone in surgery 
or diagnostic procedures of the pharynx, lar- 
ynx, or bronchial tree. Mechanical stimulation 
of the pharynx should be avoided, whenever 
possible, if Ketalar is used alone. Muscle 
relaxants, with proper attention to respiration, 
may be required in both of these instances. 


2. Resuscitative equipment should be ready 
for use. 


3. The incidence of emergence reactions 
may be reduced if verbal and tactile stimula- 
tion of the patient is minimized during the 
recovery period. This does not preclude the 
monitoring of vital signs (see Special Note). 
4. The intravencus dose should be adminis- 
tered over a period of 60 seconds. More rapid 
administration may result in respiratory de- 
pression or apnea and enhanced pressor 
response 


5. In surgical procedures involving visceral 
pain pathways, Ketalar should be supple- 
mented with an agent which obtunds 
visceral pain. 

6. Use with caution in the chronic alcoholic 
and the acutely alcohol-intoxicated patient. 


7. An increase in cerebrospinal fluid pressure 
has been reported following administration 
of ketamine hydrochloride. Use with extreme 
Caution in patients with preanesthetic 
elevated cerebrespinal fluid pressure 


ADVERSE REACTIONS 


Cardiovascular: Blood pressure and pulse 
rate are frequently elevated following admin- 
istration of Keta!ar. However, hypotension 
and bradycardiathave been observed 
Arrhythmia has also occurred. 


Respiration: Although respiration is fre- 
quently stimulated, severe depression of 
respiration or apnea may occur following 
rapid intravenous administration of high 
doses of Ketalar (ketamine HCI injection). 
Laryngospasms and other forms of airway 
obstruction have occurred during Ketalar 
anesthesia 


Eye: Diplopia and nystagmus have been 
noted following Ketalar administration. It 
also may cause а slight elevation in intra- 
ocular pressure measurement. 


Psychological: (See Special Note) 


Neurological: In some patients, enhanced 
skeletal muscle tone may be manifested by 
tonic and clonic movements sometimes 
resembling seizures (see Dosage and 
Administration). 

Gastrointestinal: Anorexia, nausea and 
vomiting have been observed; however this 
is not usually severe and allows the great 
majority of patierts to take liquids by mouth 
shortly after regaming consciousness 

(see Dosage and Administration). 

General: Local pain and exanthema at the 
injection site have infrequently been re- 
ported. Transient erythema and/ or morbilli- 
form rash have also been reported. 
DOSAGE AND ADMINISTRATION 
Preoperative Preparations: 

1. While vomiting ^as been reported following 
Ketalar administration, airway protection is 
usually afforded because of active laryngeal- 
pharyngeal reflexes. However, since these 
reflexes may also-be diminished by supple- 
mentary anesthetics or muscle relaxants, the 
possibility of aspiration must be considered. 
Ketalar is recommended for use in the 
patient whose stomach is not empty when, in 
the judgment of the practitioner, the benefits 
of the drug outweigh the possible risks. 

2. Atropine, scopclamine, or other drying 


agent should be стуеп at an appropriate 
interval prior to induction. 


Dosage 

As with other general anesthetic agents, the 
individual response to Ketalar (ketamine HCI 
injection) is somewhat varied depending on 
the dose, route of administration, and age of 
patient, so that dosage recommendation 
cannot be absolutely fixed. The drug should 
be titrated against the patient's requirements. 


Onset and Duration: 


Because of rapid induction following the 
initial intravenous injection, the patient 
should be in a supported position during 
administration. 

The onset of action of Ketalar (ketamine HCI 
injection) is rapid; an intravenous dose of 2 
mg/kg (1 mg/Ib) of body weight usually 
produces surgical anesthesia within 30 
seconds after injection, with the anesthetic 
effect usually lasting five to ten minutes. If a 
longer effect is desired, additional increments 
can be administered intravenously or 
intramuscularly to maintain anesthesia with- 
out producing significant cumulative effects. 


Intramuscular doses, from experience pri- 
marily in children, in a range of 9 to 13 mg/kg 
(4 to 6 mg/Ib) usually produce surgical 
anesthesia within three to four minutes 
following injection, with the anesthetic effect 
usually lasting 12 to 25 minutes. 


Induction: 


Intravenous Route: The initial dose of Ketalar 
administered intravenously may range from 
1 mg/kg to 4.5 mg/ kg (0.5 to 2 mg/Ib). The 
average amount required to produce five to 
ten minutes of surgical anesthesia has been 
2 mg/kg (1 mg/Ib). 

NOTE: The 100 mg/ml concentration 

(S-V 1585) of Ketalar, should not be injected 
intravenously without proper dilution. It is 
recommended the drug be diluted with an 
equal volume of either Sterile Water for 
Injection, USP, Normal Saline, or 596 
Dextrose in Water. 

Rate of Administration: It is recommended 
that Ketalar be administered slowly (over a 
period of 60 seconds). More rapid adminis- 
tration may result in respiratory depression 
and enhanced pressor response. 
Intramuscular Route: The initial dose of 
Ketalar administered intramuscularly may 
range from 6.5 to 13 mg/kg (3 to 6 mg/ Ib). 
A dose of 10 mg/kg (5 mg/Ib) will usually 
produce 12 to 25 minutes of surgical 
anesthesia. 


Maintenance of Anesthesia: 

Increments of one half to the full induction 
dose may be repeated as needed for mainte- 
nance of anesthesia. However, it should be 
noted that purposeless and tonic-clonic 
movements of extremities may occur during 
the course of anesthesia. These movements 
do not imply a light plane and are not indica- 
tive of the need for additional doses of the 
anesthetic, 

It should be recognized that the larger the 
total dose of Ketalar (ketamine HCI injection) 
administered, the longer will be the time to 
complete recovery. 

Supplementary Agents: 

Ketalar is clinically compatible with the 
commonly used general and local anesthetic 
agents when an adequate respiratory 
exchange is maintained. 

HOW SUPPLIED 

Ketalar is supplied as the hydrochloride in 
concentrations equivalent to ketamine base. 
N 0071-4581-15—Each 50-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4581-12—Each 20-ml vial contains 

10 mg/ml. Supplied in cartons of 10. 

N 0071-4582-10—Each 10-ml vial contains 

50 mg/ml. Supplied in cartons of 10. 

N 0071-4585-08—Each 5-ml vial contains 
100 mg/ml. Supplied in cartons of 10. 
PD-JA-1839-1-P (4-76) SG 
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PI Periphera! Nerve Stimulator 


Monitors 
Muscle 
Relaxants 





PERIPHERAL PROFESSIONAL E 
_ NERVE е INSTRUMENTS { 
STIMULATOR COMPANY 
INT eae The PI Peripheral Nerve 
\ 





Stimulator monitors ef- 
fects of skeletal muscle 
relaxants on the neu- 
romuscular junction, 
detects abnormal re- 
sponse to muscle relax- 
ants and distinguishes 
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stano py — {TETANUS| е7, ), between depolarizing 
5. SEC l e and non-depolarizing 
a ” «227 blockade. 
* Model NS-2 
4 The NS-2 is now in use in many hospitals throughout the U. S. and abroad. It is 
E. designed primarily for use during surgery and delivers stimuli automatically at 


5-second intervals. One or fifty palses-per-second may be selected by momentary 

push-button switches. Output is a monophasic square wave pulse. Amplitude of the 
pulse is linearly adjustable. A flashing red light indicates low battery voltage. The 
NS-2 is solid state, rugged, battery powered, portable and lightweight. 


Model NS-3 

The NS-3 represents the latest in solid state technolegy. Use of integrated circuits has 
made it possible to build a very compact and versa ile stimulator. Its miniature size 
makes the NS-3 more convenient for preoperative and postoperative testing. It 
delivers stimili at one second intervals when the ocker switch is depressed to the 
TWITCH position. A fifty-pulses-per-second rate may be selected by depressing the 
rocker switch to the momentary TETANUS positior . Outputis a monophasic square 
wave pulse. Amplitude of the pulse is linearly adjustable. The NS-3 also has а 

к low-battery-voltage indicator. 
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General Office and Sales Medical and 


Brookhollow Plaza, Suite C-5, 4800 W. 34th Street Scientific : 
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ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesteras= and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contains a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capaole of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 


SEVERE ANTICHOLINERGIC POISONING 
MAY PRODUCE: 
COMA, MEDULLARY PARALYSIS AND DEATH. 


CENTRAL TOXIC EFFECTS MAY INCLUDE: 
HALLUCINATIONS, DELIRIUM, DISORIENTA- 
TION, ANXIETY AND HYPERACTIVITY. 





Dramatic reversal within minutes of coma, halluzina- 
tions, and other signs can be expected if the diagnosis 
is correct and the patient has not suffered aroxia 
or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS: Physostigmine should not 
be used in the presence of asthma, gangrene. dia- 
betes, cardiovascular disease, mechanical obs:*ruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


Intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage). Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is 0.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 


IN ALL CASES OF POISONING, THE USUAL SUP- 
PORTIVE MEASURES SHOULD BE UNDERTAKEN. 


SUPPLIED: 2 ml. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
Packed 12 ampules per box. 


NDC 0456-1037-12 


CAUTION: Federal law prohibits dispensing with- 
out prescription. 


REFERENCES: 


Greene, L. T.: Physostigmine treatment of anti- 
cholinergic drug depressionin postoperative patients. 
Anesth & Analg, March-April 1971; 50-2: 222-226. 
Rumack, B.: Anticholinergic poisoning: Treatment 
with physostigmine. Pediatrics, Sept. 1973. 
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EMERS ON 
[ММ Ventilator 







Intermittent Mandatory Ventilation 






Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 








Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a “mandatory” breath, which sup- 
plements the patient's own breathing activity and 
increases minute volume. The machine does not 
have to ‘take over". The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 















At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventually mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particuler!. for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is Ss than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under sact circumstances, blood levels of CO; 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But tc xe over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be syperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs«x neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hence. xd ac output. The effects of such drugs 
are particularly hard to predict in infants. 

























Hyperventilation (often used to suppress spontaneous bees hing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels 2 calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance deer -as2s with hypocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 








All of these pit-falls can be avoided by using continuous Жом IMV. 






Please request Form 3-& Y. 


J. Н. EMERSON COMPANY 
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Anesthesia for the Patient with Cardiac Disease: 
Preamble 


EMERSON A, MOFFITT, /42* 


HE number of people with coronary arte- 

rial disease including those who have 
had a myocardial infarction, increases as 
the total population increases and as more 
people live to an older age. Hence, the 
number of patients with cardiac disease re- 
quiring some form of anesthesia for opera- 
tion or diagnostic procedure should continue 
to grow steadily. 


In 1974, there were 16,486,045 surgical 
procedures in the United States,! in a total 
population of approximately 215,000,000. 
That is, 1 person in 7 had an operation. 
Tarhan’s group? showed that in a large- 
volume anesthetic practice, 13 patients per 
1000, over 30 years of age, came for opera- 
tion with evidence of a previous myocardial 
infarction. There are no reasons to believe 
that this incidence is different for the sur- 
gical population of North America in gen- 
eral. Hence, in the United States in 1974, 
about 214,500 patients with a previous in- 
farction had a surgical procedure. Tarhan’s 
work also identified the high incidence of 
recurrent infarction (6.6%) in this patient 
group, and the inordinately high mortality 
rate (5495) compared to infarction without 
operation. 


In addĒ on to the candidates for anesthe- 
sia who lave had a previous infarction, a 
much larzer group of patients have serious 
heart d:sease without having had a frank 
coronary occlusion. With approximately 5 
percent » the population over 18 years hav- 
ing kno or suspected coronary disease? 
and 1/^ undergoing an operation, several 
millien Dacients with cardiac disease are an- 
esthetizec each year in the United States. 


Everwcre practicing anesthesia faces the 
patient vith cardiac disease every week— 
perhaps a most every day. It behooves us 
to be pe-ceptive of their increased risk of 
anesthe-im and operation, so that we may 
best assure a safe course. For these reasons, 
the pane. will examine the sound principles 
and goec practices essential to successful 
management of the cardiac patient having 
an орега юп for other than cardiac surgery. 


REFERENCES 
1. ASA Newsletter. 39:9, 1975 
2. Tashan S, Moffitt EA, Taylor WF, et al: 


Муосаг £ infarction after general anesthesia. 
JAMA 298:1451-1454, 1972 


*Professor and Head, Department of Anaesthesia, Faculty of Medicine, Dalhousie University, Halifax, 


Canada. 


This panel was presented at the 50th Congress of the Internst-nal Anesthesia Research Society, March 


14-18, 1976, Phoenix, Arizona. 
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The Patient with Heart Disease: Preoperative 
Evaluation and Preparation 


ALAN H. GOLDBERG, MD, PhD* 


HE surgical patient with heart disease 

and diminished cardiac compensation 
has decreased cardiac output and decreased 
tissue perfusion. 


We are concerned about this patient for 
several reasons. Because of his increased 
intravascular volume, the management of 
his fluid and electrolyte replacement be- 
comes very complicated. He is a candidate 
for thromboembolic phenomena such as pul- 
monary emboli. With decreased ventilation, 
there is increased likelihood for hypoxia and 
hypercarbia as well as respiratcry infections 
and pneumonia. He has impaired liver and 
kidney function, which can change the ef- 
fects of drugs. In addition, the various 
Stresses to which a surgical patient is ex- 
posed can push him into acute heart failure. 
Failure may be precipitated by pain, fear, 
or apprehension, or with the induction of 
general anesthesia. He may be inadver- 
tently given too much fluid for his cardiac 
status. 


'This patient may also get into trouble in 
the postoperative period. Inability to achieve 
a needed rise in cardiac output may result 
in acute pulmonary edema or the low out- 
put-cardiac failure syndrome, with low 
urine volume, vasoconstriction, and hypo- 
tension. There appears to be a significantly 
greater postoperative mortality in patients 
who are not able to increase their cardiac 
output in response to the metabolic demands 
of operation and postoperative stress. 


However, it is not the patient with overt 
failure whose cardiac status will be missed 
and who will come to surgery without some 
form of therapy; it is easy to recognize the 
patient with severe dyspnea, edema, en- 
larged heart, or a loud murmur. It is the 


patient with borderline incipient failure who 
was not recognized immediately as being in 
failure who may go on to have stress-pre- 
cipitated severe failure. 


'The typical patient who gets into trouble 
is one of the following: 


(1) 'The patient with rheumatic heart 
disease with mitral stenosis. 


(2) 'The patient with aortic stenosis, par- 
ticularly an elderly patient who may not 
have a very impressive murmur. This pa- 
tient is in a precarious state and tolerates 
operation, anesthesia, and acute trauma 
poorly. 


(3) 'The patient with chronic lung dis- 
ease. He may have some hypoxia, and some 
pulmonary hypertension. This patient may 
be in borderline right-sided compensation 
and may not be recognized as having seri- 
ous underlying pulmonary and cardiac dis- 
ease. 


With these patients, it is important to 
keep in mind the concept of cardiac reserve. 
As cardiac capacity fails, compensatory ad- 
justments take place. Increased adrenergic 
activity develops, the heart increases in size, 
and the heart rate increases. The individual 
may continue to carry out his regular activi- 
ties and may be free of severe symptoms of 
failure, yet he may have pretty well used 
up his cardiac reserve, so that if any more 
stress is superimposed, he will go into fail- 
ure. 


Assessment of Cardiac Function.—In the 
past decade, many new technics have been 
developed for assessment of myocardial 
function. These are mainly sophisticated 
laboratory technics, for the catheterization 


*Clinical Director, Department of Anesthesiology, Boston City Hospital; Professor and Associate Chairman, 
Department of Anesthesiology, Boston University School of Medicine, Boston, Massachusetts 02118. 
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laboratory. In the clinical situation, how- 
ever, we must still employ simple bedside 
tools, primarily the history and the physical 
examination. 


Concerning the history, a major warning 
symptom in the patient with incipient fail- 
ure is cough, particularly nocturnal cough. 
If you elicit the history of a patient who has 
started to cough at night but is not raising 
much in the way of sputum, and each time 
he assumes the recumbent position he starts 
to cough, that suggests he is developing a 
shift of edema fluid into the pulmonary vas- 
culature and that his cough reflex is being 
stimulated. This patient may have normal 
physical findings on chest auscultation and 
even on chest x-ray. 


Insomnia is another insidious symptom of 
impending left heart failure. This may be 
related to restlessness due to respiratory 
distress which is not recognized as dyspnea 
or cough. In the absence of any history of 
prostatism or bladder infection, the person 
who has to get up 2 or 3 times at night to 
void may be describing early evidence of 
congestive heart failure. T'he mechanism for 
regulating salt and water balance is dis- 
turbed in patients with incipient heart fail- 
ure and no longer follows the normal pat- 
tern of urine volume formation. 'This patient 
will form more urine at night and will there- 
fore have to get up to void. 


Unexplained fatigue is another manifes- 
tation of incipient heart failure. Irritability 
or restlessness can be due to decreased cere- 
bral blood flow due to inadequate cardiac 
output. 


Abdominal discomfort, indigestion, or 
pain, particularly right upper quadrant pain, 
suggests distention of the liver capsule. 


One of the compensatory mechanisms in 
failure is increased sympathetic activity. 
This results in increased perspiration. In the 
absence of fever or other reasons for sweat- 
ing, a patient who perspires heavily may be 
in early failure. 


The patient may describe dyspnea on ef- 
fort, but you have to distinguish this from 
hyperventilation. The patient with dyspnea 
is breathing rapidly and shallowly, whereas 
the person with hyperventilation sighs and 
takes deep breaths. He tells you he cannot 
get enough air and he may say that breath 
goes only half way down. 'This type of com- 
plaint is not characteristic of dyspnea on 
exertion. 
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Also сле rapidity of onset of dyspnea is 
a valua»e clue. Dyspnea due to chronic 
lung d-sease generally has a slow onset and 
is progressive over a long period of time. 
Recent onset of dyspnea suggests cardiac 
disease. 


Loolłiœ further into the history, has the 
patient =en receiving any medication that 
might impair cardiac function? For exam- 
ple, pr»z-anolol, a beta-adrenergic blocking 
agent, is used as therapy in a number of 
disorders. as well as for prophylaxis against 
arrhytax ias. Taken over an extended period 
of time, particularly in large doses, this drug 
can ingair ventricular function. If the drug 
can be c scontinued, especially in the patient 
who is в a low output state with decreased 
left vercricular reserve and compensated 
failure. -àis should be done 2 or 3 days be- 
fore operation. If it cannot be discontinued 
(as in te patient with angina), the antag- 
onist is isoproterenol, which is a beta-adren- 
ergic Sm ulant. 


Phys eal Examination.—One of the subtle 
findings of heart failure is persistent unex- 
plained sinus tachycardia. A rate of 90 to 
100 bpm may be a manifestation of increased 
sympet tic activity, which is compensating 
for impeaired cardiac reserve. If this cannot 
be relat=d to something like fear, apprehen- 
sion, cr “ever, think of borderline failure. 


Some patients with incipient left heart 
failure Fave a potent element of broncho- 
constrcfon that may present as asthma or 
wheezing, when in fact it reflects pulmonary 
vascu distention due to the cardiac condi- 
tion. 


Pulses alternans, observed when feeling 
the arterial pulse, also detects impaired left 
ventrimar function. The rhythm of the 
beat in pulsus alternans is perfectly regular, 
withoi any interruption. It is not a bigem- 
inal sythm, but manifests in alternating 
variaficas in the peak systolic pressure and 
the га of rise of pressure. This can be 
detec with the blood pressure cuff when 
a larze- systolic peak alternates with a 
small»r one. In palpation also, you get the 
impres-on of a slightly alternating force- 
fulness of the arterial pulse. It is more 
easily tected in the carotid or the brachial 
than im the radial pulse. 


If = patient has a slight murmur across 
the o1 dow tract of the left ventricle, as in 
an eli-ly patient, for example, with some 
athermselerotic change in the aorta or the 
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aortic valve, pulsus alternans translates it- 
self into murmur alternans. If you listen 
carefully, the faint systolic murmur, which 
is of no hemodynamic consequence, may 
give you the clue that the left ventricle is 
alternating its forcefulness of ejection. The 
rhythm is regular but the forcefulness or 
intensity of the murmur varies, showing that 
the left ventricular myocardium is function- 
ing poorly. This subtle sign of failure may 
be present even though the patient may not 
be in overt failure with pulmonary edema 
or congestion. 


The neck veins should be examined. The 
external jugular vein, which is often tor- 
tuous and partly compressed, may be dis- 
tended even in the absence of true eleva- 
of venous pressure. Also, the presence of 
competent valves at the lower ends of these 
veins prevents a satisfactory retrograde 
transmission of the venous pulse wave. At 
the bedside, elevation of venous pressure 
can best be observed in the area between 
the 2 insertions of the sternocleidomasteid 
muscle, which lies over the internal jugular 
vein. The pulsations of the internal jugular 
vein cause fairly diffuse pulsations of the 
skin overlying this area, reflecting the un- 
derlying venous pulsations. If you can see 
these pulsations extending upward into the 
middle of the neck or up to the angle of the 
jaw, in a patient sitting upright, this is an 
important clue that central venous pressure 
is significantly elevated. 


Auscultation of the Heart.—Gallops are 
diastolic events related to 2 periods of fil- 
ing of the ventricles. ©з, related to the rapid 
filling phase, is the ventricular diastolic 
gallop. S,, related to the presystolic filling 
phase and atrial systole, is the atrial gallop. 
These are low-frequency sounds and are 
best heard over the ventricle at the apex, 
listening with a very light pressure with the 
bell piece of your stethoscope. A gallop 
rhythm is one of the earliest clinical clues 
to heart disease and affords valuable bed- 
side information concerning diagnosis, prog- 
nosis, and treatment. 


The ventricular diastolic gallop (S4) is 
frequently one of the first detectable signs 
of serious heart disease and/or cardiac de- 
compensation. If you listen carefully in the 
patient turned in the left lateral position, 
and hear this type of triple rhythm, signifi- 
cant left ventricular disease is possibly pres- 
ent, especially if the patient is over age 40. 


The ECG should of course be examined. 
However, this does not really tell you much 
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about failure. If it shows left ventricular 
hypertrophy or intraventricular conduction 
disturbance, these suggest left ventricular 
impairment, but the ECG cannot tell you 
whether the patient is well compensated or 
not. It can, however, alert you to the pos- 
sibility of infarction, ischemic disease, or 
rhythm disturbance. 


The Value of Chest X-ray.—Characteris- 
tic of a patient in congestive heart failure 
is the so-called butterfly pattern, in which 
the heart is considered to be the body of 
the butterfly and the pulmonary edema is 
the wings. This pattern, due to intra-alveo- 
lar edema, results in radiodensities that are 
most prominent in the inner and middle 
zones of the lung. This is not a subtle sign 
of failure, as the patient will be in pulmo- 
nary edema. 


A sign seen very early in the course of 
failure is the Kerley-B line, a linear density 
caused by thickening of the intralobular 
septa due to an increase in pulmonary ve- 
nous pressure. These densities are repre- 
sented by fine horizontal lines in the costo- 
phrenic angles. 


What To Do About Heart Failure.—1f 
you have the time, it is better to undertake 
digitalization and diuretic therapy deliber- 
ately over a period of 2 to 3 days, rather 
than to have to move in with acute digital- 
ization. But if the patient requires early and 
immediate operation, you can digitalize 
rapidly, using IV digoxin. Given IV, this 
drug has a rapid onset of action, reaching 
its peak effect in about 2 to 3 hours and 
has a strong effect even before that. Since 
you can continue to use the same drug 
thereafter, it probably represents the agent 
of choice even in the circumstances of fair- 
ly rapid digitalization. 


Diuretics should also be given. However, 
these may cause a loss of potassium, which 
represents a hazard through digitalis intoxi- 
cation, with consequent arrhythmias. For 
this reason, it is advisable to monitor the 
serum К* levels carefully and replace K* as 
needed. 


Another problem associated with the use 
of diuretics is excessive reduction of effec- 
tive circulating blood volume. The physi- 
cian's zeal to obtain a dry weight, to elimi- 
nate peripheral edema, and to lower dis- 
tended neck veins may carry the patient too 
far back on the ascending limb of the 
Starling curve and may deprive the patient 
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of needed ventricular filling pressure. Be- 
cause these patients may need a somewhat 
increased filling pressure, it is best to hedge 
on the side of under- rather than overdiu- 
resis. 


The same principle applies to digitalis. 
It is wise to underdigitalize rather than 
overdigitalize, to avoid such problems asso- 
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ciated with digitoxicity as ventricular pre- 
mature contractions or heart block. 


Mary subtle signs and symptoms of di- 
minislec cardiac compensation may be pres- 
ent befc-e the onset of decompensation. 
'These should be looked for and the appro- 
priate therapy instituted before overt heart 
failure occurs. 


AORTOCORONARY VEIN GRAFT FLOW. Flow :hrough aortocoronary saphenous 
vein grafts and augmentation by direct intragraft mjection of coronary vasodilators 
has prognostic importance with respect to subseqaert graft closure. Following injec- 
tion of sodium nitroprusside, 50 ир, directly into tae graft, flow increased from 40.1 + 
4.5 to 81.3 + 8.5 ml/min. This effect dissipated in 1.5 to 4 minutes and was not asso- 
ciated with statistically significant changes in blood pressure or heart rate and cardiac 


dysrhythmias did not occur. 


Similar flow changes oecurred with 30 mg papaverine 


but the response required longer to be manifest amd was associated with a greater 
decrease in blood pressure and a higher incidence o! dysrhythmias. Furthermore, the 
pH of sodium nitroprusside is 7.6 and thus less lixely to irritate vein intima than the 
more acidotic papaverine (pH 3.4). Nitroprusside m-y be the drug of choice for intra- 
graft injection when immediate flow augmentatior i- necessary. (Larsen PB, Yeh BK, 
Gentsch TO et al: Sodium nitroprusside as a coronary vasodilator in man: А com- 
parison to the effects of sodium nitroprusside anc papaverine hydrochloride on aorto- 
coronary saphenous vein graft flow. Ann Thor Surg #4 :16-18, 1976) 
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Anesthetic Management 


WENDELL C. STEVENS, MD* 


"T NADEQUATE cardiac performance can 

result from a severe stress imposed 
upon a subsystem with normal reserves, a 
mild stress upon one with minimal reserves, 
or something in between."! The majority of 
patients with heart disease tolerate anesthe- 
sia, operation, and the postoperative period 
without apparent irreversible worsening of 
cardiac function. This is true even when 
the heart itself is the site of operation. AI- 
though stress occurs, cardiac reserves are 
usually adequate to allow the patient to 
tolerate the stress. 


Sechzer's group,” studying whether any of 
a number of events served to predict myo- 
cardial stress in patients with arteriosclerot- 
ic vascular disease, undergoing major vas- 
cular operations, found no relationship be- 
tween myocardial injury and the degree of 
intraoperative circulatory lability, duration 
of hypotension, duration of operation, or 
volume of blood replacement. Perhaps the 
failure to correlate these events means stress 
cannot be thought of in terms of only one 
variable. 


For example, lowering arterial pressure 
(AP) may decrease coronary blood flow if 
coronary vasodilation cannot occur. How- 
ever, if myocardial O, demand decreases 
appropriate to the decrease in coronary per- 
fusion, myocardial injury may not occur. 
On the other hand, increasing AP may in- 
crease coronary blood flow, but if myocar- 
dial O, demand increases disproportionate- 
ly, myocardial ischemia may develop. The 
greatest threat of ischemia exists in those 
portions of the myocardium subject to the 
greatest intramural pressures relative to 
coronary perfusion pressure.? 


My goal will be to describe some of the 
circulatory changes we expect from anesthe- 
sia, to comment briefly on the stress of op- 
erative and recovery periods, and to de- 
scribe the options available when a patient 
with cardiac disease requires anesthesia. 
Some of the changes these drugs induce 
might be thought of as stresses; some, in 


fact, may be salutary. Much of the data 
must be extrapolated from patients with cir- 
culatory diseases investigated while about 
to undergo or while undergoing heart opera- 
tions. 


Anesthetic Agents.—The nonflammable, 
potent inhaled agents, halothane and en- 
flurane, reduce cardiac output and AP.*^ 
Halothane increases right atrial pressure, 
apparently because the myocardial depres- 
sion exceeds the ability of halothane to pro- 
duce vasodilation. Enflurane also decreases 
cardiac output to the same degree as halo- 
thane, but decreases peripheral vascular re- 
sistance to a greater degree than halothane. 
Enflurane produces enough venodilation to 
prevent increases in right atrial pressure. 


Stoelting's group,” measuring the intra- 
operative circulatory effects of halothane 
alone in patients undergoing heart-valve re- 
placement, found that, at an alveolar halo- 
thane concentration of 0.55 percent, cardiac 
output was maintained, total peripheral re- 
sistance (TPR) decreased, and AP de- 
creased slightly. Conahan's group? found 
that patients with valvular heart disease 
who received 50 percent N.O and up to 
1 percent inspired halothane showed signifi- 
cant decreases of AP, although the exact 
changes in cardiac output were not de- 
scribed. However, when compared with mor- 
phine, halothane tended to maintain car- 
diac output at a higher level, presumably 
because of the greater decrease of TPR with 
halothane. 


Kemmotsu and associates? showed that 
the depression of myocardial function pro- 
duced by heart failure was similar to that 
produced by halothane or enflurane when 
tested in isolated muscle strips. If failing 
muscle is exposed to halothane or enflurane, 
the drug-induced depression of contractility 
begins at a level of depressed heart func- 
tion. Therefore, one can expect greater 
total depression from smaller doses of in- 
haled agents in failing than in normal hearts. 


*Associate Professor, Department of Anesthesia, University of California, San Francisco, California 94143. 
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One may occasionally encounter prosound 
hypotension with halothane, as with »ther 
agents, for reasons somewhat as follows: 
'The heart uses a number of reserves n an 
effort to maintain cardiac output.!" “hese 
include the Frank-Starling mechanism, de- 
velopment of myocardial hypertrophr, in- 
creased venous tone and arteriolar corstric- 
tion, and increased sympathetic drive о the 
heart. The latter results in both contraetility 
and heart-rate effects. Since parasympa- 
thetic control of the failing heart is defec- 
tive!! and decreased amounts of adrenergic 
transmitter are present in failing he:rts,!? 
these combined reserves function to main- 
tain cardiac output and perfusion pressure. 
Anesthetic agents will alter one or mere of 
these reserves. For example, if the reserve 
of increased blood volume has been reduced 
by diuretics and anesthesia produces а sig- 
nificant decrease in venous tone, one may 
see an inordinate decrease of cardiac cutput 
and blood pressure (BP). 


While the addition of N.O raises AP in 
healthy young volunteers,!? N.O may cause 
decrease of AP in patients with sick hearts 
under certain circumstances.!! This may 
represent direct myocardial depressioa!^ or 
increased pulmonary or peripheral vascular 
resistances. 'The latter increases in aft»rload 
may result in reduced cardiac output 


'These few data indicate that the stress 
imposed by potent inhaled agents wil! be 
primarily hypotension. However, because 
myocardial O, requirement will probably be 
reduced, the hypotension usually wall be 
well tolerated. 


Narcotic analgetics have been used for 
anesthesia in patients with heart d sease, 
with an eye to maintenance of circulatory 
variables at awake levels.!*.!9 The predomi- 
nant circulatory effect of morphine is an 
early reduction of TPR, which returns 
to control values and may well rise above 
control values when operation begins. 
Lowenstein's group!* demonstrated that car- 
diac output was maintained or increased 
and that only minor AP changes occurred, 
usually with decreases of TPR and increases 
of vascular capacitance in patients wih val- 
vular heart disease. 


Comparison of Anesthetic Agents.— Some- 
what greater decreases in AP will occur 
with halothane or enflurane; better pre- 
served, or, with the onset of operation, in- 
creased AP may be expected with mo:phine. 
If pressure does increase during marphine 
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anesthescz, one may be unable to reduce 
pressure ansistently with additions of mor- 
phine. 


In pasi-nts with valvular or coronary ar- 
tery dist=se, ketamine can be expected to 
raise АР, orimarily through increasing the 
heart га є *?" According to Reves,?! one is 
more likely to see decreases of AP with 
morphir= shan with ketamine in coronary 
artery cisezse patients, while in valvular 
heart dsease patients, the circulatory ef- 
fects, at «ast in terms of AP, are similar 
with morphine and ketamine. 


Whick is better: BP at or above awake 
values cr decreased BP? Reves?! measured 
the myccardial O, supply/demand ratio by 
applicat.cm of the relation between diastolic 
pressure time index/tension time index.? 
The high the ratio the better. Better in- 
dices oœw red with the lower BP seen with 
morphire 'The ECG showed reversal of in- 
jury patt-rrs as well. It is likely that a BP 
at or sl=ntly below awake values combined 
with a slow heart rate is favorable in such 
patiente. Stanley?? reported that when keta- 
mine is zdministered concomitantly with 
halothane, greater circulatory depression 
will ocar than if halothane alone is used. 


Hence, one can choose an inhaled agent 
providirg decrease of AP and cardiac out- 
put, mcr»aine providing maintained or ele- 
vated EF and cardiac output, ketamine pro- 
viding 2«vated BP primarily due to an 
increase «f cardiac output from increased 
heart ret= 


Barbtaretes given by rapid IV injection 
influence circulatory variables significantly 
by procuxing venodilation.??.?: Large doses 
of thiopental may produce myocardial de- 
pression* Although a direct smooth-muscle 
constricten may be produced by thiopen- 
tal," the predominant circulatory effect of 
bolus a 1x inistration will be vasodilation. 


Diazep:mr?? produces minor circulatory 
effects if given slowly and in small doses. 
It is used as a supplement to narcotic anes- 
thesia, Since narcotics produce sedation 
which Б wr predictable in intensity or speed 
of onse-. 


The 2xculatory stress induced by spinal 
or еріа 1 al anesthesia is hypotension, which 
occurs »ecause of sympathetic blockade with 
resultaat venodilation and decreased cardiac 
output.^: I: is here, again, that the relation 
of myozarcial O, demand to coronary per- 
fusion is s» important. Decreased myocar- 
dial O.. cemand due to slowing of heart rate, 
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decreased cardiac output, decreased filling 
pressure which may lead to decreased myo- 
cardial stretch or tension, and decreased 
ventricular afterload appears generally to 
allow tolerance of decreased coronary perfu- 
sion pressure. A patient with heart disease 
who has increased ventricular filling pres- 
sures, enlarged central blood volume, and 
relatively high systemic vascular resistance 
may be improved by sympathetic blockade. 
The circulatory effects of regional anesthesia 
are altered by epidural epinephrine acmin- 
istration, in that a greater loss of TPR and 
increased heart rates will occur.?? 


Sympathetic blockade can be avoided by 
peripheral nerve blocks—for instance, multi- 
ple intercostal blocks. In order to exoloit 
this advantage of peripheral nerve biock, 
however, several considerations apply. It 
may be important in a patient whose cendi- 
tion is precarious from ischemic heart dis- 
ease to blunt the sympathetic stimulatien of 
multiple injections by thorough explanation, 
use of a particularly gentle technic, and pre- 
medication. 


Sapala and colleagues?? recently described 
the incidence of cardiopulmonary complica- 
tions in patients with arteriosclerotic vascu- 
lar disease. Similar complication rates oc- 
curred after general or spinal anesthesia. 
Sapala measured a lower incidence of com- 
plications after local anesthesia but did not 
offer data on how anesthetics were chcsen. 
Patients who exhibited arrhythmias or con- 
gestive heart failure without myocardia! in- 
farction had the lowest complication rates. 


Effects of Operative Procedures.—Some 
events may enhance the stress of opera ion. 
Perhaps paramount is change of blood vol- 
ume. The usual directional change is de- 
creased blood volume resulting in reduced 
preload. Another stress which may not be 
apparent until the recovery period is change 
of body temperature. If temperature is in- 
creased intraoperatively, О„ demand and 
hence need for increased cardiac output 
exist. More commonly, the temperature de- 
creases in relation to exposure of viscera to 
ambient temperatures, increased duration of 
operation, use of muscle relaxants, cold IV 
solutions, and increased patient age. 


Details of the effects of hypocapnea, hy- 
percapnea, hypoxemia, changes in intratho- 
racic pressure and of adjuvant drugs, such 
as epinephrine, are beyond the scope of this 
discussion. 


Postoperative Recovery.—Apparently, the 
greatest circulatory stresses occur in the 
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postoperative period. For example, recur- 
rent myocardial infarction occurs with great- 
er frequency postoperatively than intraoper- 
atively.?! Events which place demands on 
the cardiac reserves include decreased body 
temperature, as mentioned above. Roe and 
coworkers?? found that a temperature fall 
of between 0.3 to 1.2? C doubled postopera- 
tive O, consumption. Greater decreases in 
temperature occur in older patients; inter- 
estingly, elderly patients are less likely to 
increase O, consumption than young pa- 
tients. Bay's group,?? measuring require- 
ments for cardiac output in postoperative 
patients who shiver, found 300 to 400 per- 
cent increases over normal values. The im- 
plications of this demand seem clear, al- 
though documentation of morbidity related 
to such increased cardiac work is not read- 
ily available. 


Increased temperature will increase O, 
demand and hence cardiovascular stress. 
Tissue trauma also increases O, demand. It 
has long been known that demand for in- 
creased cardiac output follows operations.?* 
Venous Po, falls postoperatively, suggesting 
that increased cardiac output may not com- 
pensate for increased O. demand. In any 
event, cardiac reserves are called into play. 


Marshall and Wyche?* nicely synthesized 
the usual postoperative hypoxemic events, 
showing that when hypoxemia occurs, car- 
diac reserves must be operative if O, deliv- 
ery to the heart and other tissues is to be 
maintained. Of special significance is the 
relation of hypoxemia to site of operation. 
In subjects undergoing nonabdominal pro- 
cedures, the maximum decrease in Pao, oc- 
curred immediately  postoperatively and 
then rapidly returned toward normal. In 
abdominal operations, there was a much 
slower return to normal. The pulmonary 
complication rate also was greater following 
abdominal operations. With regional anes- 
thesia, Pao, began to decrease several hours 
postoperatively and the sequence of changes 
thereafter was similar to that after general 
anesthesia used for similar operations. 


Postoperative respiratory complications 
leading to deterioration of mechanical prop- 
erties of lung will increase O, cost of breath- 
ing. Wilson and associates,?9 in studies done 
immediately after cardiac surgery, found 
this cost to be 29.7 ml/m?/min, or 18 per- 
cent of the total O, requirement, compared 
with values of 1.4 to 4.2 ml/m?/min in sub- 
jects with normal lungs. 'The latter is equiv- 
alent to 1 to 3 percent of the total O» 
consumption. 
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Anesthesia for Patients with Heart Block 
and Artificial Cardiac Pacemakers 


J. E. WYNANDS, MD* 


М: GERBEZIUS, of Germany, first 
described heart block in 1719. Lown 
and Kosowsky! have briefly traced the his- 
tory of heart block and the various attempts 
to electrically stimulate the heart. The writ- 
ings of Robert Adams, in 1826, and William 
Stokes, in 1846, firmly focused attention on 
the fact that a slow heart rate could pro- 
duce apoplectic symptoms. 


Callaghan and Bigelow,? in 1951, initi- 
ated the modern era of artificial cardiac pac- 
ing, while Chardack? developed the first 
fully implantable pacemaker in 1960. Since 
this development, great strides have been 
made. Electronic wizardry built into to- 
day's pacemakers has made anesthetizing a 
patient with heart block a relatively safe 
event. 


Although special considerations must be 
given the patient with a pacemaker under- 
going anesthesia, the problems presented by 
this situation are minor compared to these 
that may be encountered in the patient with 
heart block who does not have a pacemaker. 
То understand these problems, a brief ге- 
view of heart block is necessary. 


Heart Block.—The coordinated contrac- 
tions of the atria and ventricles are accom- 
plished by an impulse originating in the 
sinoatrial SA node and passing via 3 dis- 
tinct pathways to the atrioventricular AV 
node, where the rate of propagation is 
slowed, the atria having contracted. The im- 
pulse then traverses the His-Purkinje 5у5- 
tem to initiate contraction of the ventricles. 
'The His system consists of a common bun- 
dle which divides into right and left bundles. 
ТҺе left bundle then further subdivides 
into a left anterior superior fascicle and a 
left posterior inferior fascicle. Heart block 
may occur at any point in this pathway 
(fig 1). 


Atrioventricular Conduction 





DEGREES of BLOCK 


• 1°= PR interval > O 21 sec 
* 2°= Mobitz I 
Mobitz 11 


» 3°= Complete block 


Fic 1. Atrioventricular Conduction. 


When the block occurs either in the SA 
node, the internodal conducting system or 
the AV node, it tends to be of a temporary 
nature. Impulse formation in the SA node 
is greatly influenced by the level of vagal 
tone. Block occurring in the His-Purkinje 
system is termed infranodal block and is 
usually permanent and progressive. The His 
bundle electrogram! has made possible the 
precise location of the site of block in the 
His system and its correlation with events 
on the scalar electrocardiogram (ECG). 
Left axis deviation greater than minus 45° 
in the absence of an inferior infarct and 
pulmonary emphysema is indicative of left 
anterosuperior fascicle block. 


Right axis deviation of plus 120° in the 
absence of an anterolateral infarct, pulmo- 
nary emphysema, and right ventricular hy- 
pertrophy is indicative of left posteroinferior 
fascicle block. This latter fascicle is ana- 
tomically the larger of the two and physio- 
logically the more stable. Hearts that have 


*Associate Professor, Department of Anesthesia McGill University, Senior Anesthetist, Royal Victoria Hos- 
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right bundle branch block (RBBB) and left 
posterior fascicular block usually go on to 
trifascicular block. Only 10 percent of hearts 
with RBBB and left anterior fascicular 
block progress to trifascicular block. When 
left anterior and left posterior fascicular 
blocks occur together, the term left bundle 
branch block (LBBB) is used and is anal- 
ogous to RBBB on the right side of the 
heart. RBBB may occur in normal hearts; 
LBBB is a serious finding. 


First-degree heart block exists when the 
PR interval is greater than 0.21 sec. Second- 
degree heart block exists when some P waves 
are not followed by a QRS complex. Mobitz 
has subdivided 2nd-degree heart block into 
types I and II. Type I is characterized by 
a progressive lengthening of the PR interval 
prior to the dropping of the QRS complex. 
This is the classic Wenckebach phenome- 
non, where the block usually originates in 
the AV node conducting system and is re- 
versible. 


Mobitz type II heart block is character- 
ized by a sudden dropping of a QRS com- 
plex, there having been no progressive 
lengthening in the PR interval. It is seen 
only when the block occurs in the His sys- 
tem and has a serious prognosis in that it 
frequently progresses to complete, or 3rd- 
degree, block. Third-degree block in the 
AV node is usually reversible whereas 
Mobitz type II block and 3rd-degree block 
of the His system are irreversible. 


The QRS complex with 3rd-degree infra- 
nodal block is frequently wide and the ven- 
tricular rate is slow, averaging 40 bpm, al- 
though rates as slow as 15 bpm are encoun- 
tered. Third-degree block of the AV node 
has a QRS complex of normal width and a 
faster rate (junctional rhythm). Complete 
infranodal heart block frequently results 
in a cardiac output which is not adequate 
for normal organ function. Congenital 3rd- 
degree heart block, because it is invariably 
high infranodal, is associated with a faster 
ventricular rate (50 bpm) which does not 
produce symptoms. !.5-8 


The terms “sick sinus syndrome" and 
*"brady-tachy" (bradycardia-tachycardia) 
syndrome refer to a group of rhythm dis- 
turbances resulting from failure of normal 
impulse formation in the SA node! 
Rhythm disturbances may include (1) per- 
sistent severe sinus bradycardia; (2) inter- 
vals of sinus arrest as evidenced by absent 
P waves in which no escape rhythm arises 
or a lower ectopic pacemaker eventually 


627 


TABLE 1 
C» mon Causes of Heart Block 
Organic 
Prima- -onduction tissue 
Len-gre's or Lev's disease 
Disease zffecting cardiac tissue in general 
Ische-rc heart disease; infarction 
Cardipnyopathies 
Myce .-ditis 
Surgica ly produced 
Congea #1] 


Functiora- 
Incress d vagal tone 


Drug тару 
Віра is 
Quiarüne 
Pro-ziaamide 
Pro» nolol 
K* ^ 





takes оъ after several seconds; (3) paroxy- 
smal o- chronic atrial fibrillation due to 
tempor:rs or permanent suppression of the 
sinus nece; and (4) tachycardia alternating 
with bradycardia.® 


Caus?: of Heart Block (table 1) .—Heart 
block ri.; occur at any age but is most 
commonly encountered in the 6th and 7th 
decade: » life.8.12 The commonest cause of 
heart beock is a primary organic disruption 
of the 5 conduction system by Lenégre’s 
or Lev’s disease. The former is a sclerode- 
generatiwe process of the terminal portions 
of the fescicles and the latter is a fibrous 
encroad=nent of the proximal His conduc- 
tion patvway from the fibrous structures 
surreurGing it. These are the annuli of the 
mitral аьа tricuspid valves, the right fibrous 
trigone sad the membranous portion of the 
interven ticular septum. Similar primary 
degene-stive changes may also involve the 
intra-ar al conduction system, producing а 
sick simus syndrome. 


'The next commonest cause of heart block 
is coroazry artery disease. The interruption 
of condeetion may be due to a myocardial 
infarct ст. or ischemia. The area and severity 
of heart 5lock will depend upon the vessel 
affected. Involvement of the right coronary 
artery, which supplies the SA node in 55 
percen- of hearts, may temporarily produce 
SA nod- dysfunction on the basis of auto- 
nomic imbalance. A posteroinferior myocar- 
dial infection will interfere with the blood 
supply » the AV node and frequently pro- 
duce F247t block which is usually transient. 


628 


TABLE 2 
Indications for Pacing 





SA node dysfunction 
Brady-tachy syndrome 


2^ or 3° AV nodal block 
Intermittent or fixed with slow ventricular 
response 

Bifascicular or trifascicular block 
RBBB and left anterior fascicle block 
RBBB and left posterior fascicle block 
Alternating LBBB and RBBB 
LBBB and 1° heart block 


| + 
Stokes-Adams attacks 
Angina 


Heart failure 
Ventricular irritability 





It is not uncommon to find RBBB plus 
left anterior fascicular block with occlusion 
of the left anterior descending coronary ar- 
tery. Trifascicular block on the basis of 
coronary artery occlusion implies massive 
muscle involvement which is usually not 
compatible with life. 


Heart block is also frequently encoun- 
tered with cardiomyopathies and myocardi- 
tis, and is well known in association with 
the surgical correction of congenital heart 
disease. These causes of heart block are or- 
ganic in nature and generally permanent. 


Other causes of heart block are functional 
and reversible. These include increased 
vagal tone and drug therapy with digitalis, 
quinidine, procainamide, propranolol and 
potassium. The vagus nerve has no effec: on 
the infranodal conducting system whereas 
quinidine, procainamide, and propranolol 
depress conduction in the bundle of His. 


Indications for Pacing (table 2).—Arti- 
ficial pacemaker insertion is indicated when 
the patient has an impulse formation or 
conduction defect resulting in a heart rate 
and cardiac output that do not give ade- 
quate organ регѓиѕіоп.5.7.8,13,1+ The reduc- 
tion in heart rate is compensated for by an 
increase in stroke volume up to a maximum 
which will depend upon the state of health 
of the myocardium. In the face of a severely 
decreased cardiac output, blood pressure 
will be maintained by increasing peripheral 
resistance. When blood pressure falls, a 
point will be reached where organ failure 
will produce symptoms. 
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Heart block patients who have a history 
of Stokes-Adams attacks, angina, heart fail- 
ure, or ventricular irritability are at great 
risk if subjected to general anesthesia, !?.1^ 
which may precipitate heart block. General 
anesthesia also depresses myocardial func- 
tion and peripheral resistance and, there- 
fore, may cause organ failure in a patient 
who is barely compensating for his heart 
block. 


Patients with bilateral fascicular block 
and a high degree of heart block who do not 
have symptoms are controversial.^7.1* The 
heart block, if originating in the AV node, 
may respond to atropine. Kastor? believes 
that patients with a type II 2nd-degree block 
should have a demand pacemaker even 
though they are asymptomatic. 


Types of Pacemakers (table 3).—Fixed- 
rate pacemakers are ideal for patients with 
chronic complete heart block and a slow 
ventricular rate. Otherwise, a demand pace- 
maker should be employed; the ventricular- 
inhibited model is the most popular of these. 
The fixed-rate and the ventricular-inhibited 
demand pacemaker can be used with uni- 
polar or bipolar leads via a transvenous or 
transthoracic approach. The most popular 
approach currently employed is transve- 
nously through the cephalic vein in the del- 
topectoral groove. 


Factors Affecting Pacing (table 4).—Al- 
terations in the pacing threshold may mark- 
edly affect the performance of the pacing 
system. An increase in threshold may lead 
to intermittent or permanent failure of pac- 
ing. A decrease in threshold may induce 
ventricular fibrillation during the vulnerable 
period of the cardiac cycle. Normally, 30 
ma current is required, and the standard 
pacemaker develops 10 ma. The threshold 
may be lowered to the point where the 
10 ma current delivered by the battery is 
sufficient to induce ventricular fibrillation. 
Succinylcholine,!* hyperkalemia,!? and acid- 
base disturbances will raise the threshold. 
Hughes and coworkers!? have reported ап 


TABLE 3 
Types of Pacemakers 





1. Fixed-rate 


2. Demand 
Ventricular-inhibited 
Ventricular-synchronous 
Atrial-synchronous 
Atrial sequential ventricular-inhibited 
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TABLE 4 
Common Factors Affecting the Расад Threshold 


е а 
K*1 4-7.1 mEq/L 
0.5-5 V 
Base excess: —15, +15 
Sleep 


High threshold—Intermittent pacing 
Low threshold—Ventricular fibrillation 


1 
* 


Exercise 
Sympathomimetic amines 
Hypoxia 
Ischemia 


Myocardial nfarction 
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increase in voltage requirements from 71 to 
82 percent when the base excess was minus 
15 and plus 15, respectively. Exercise, cate- 
cholamines, hypoxia, ischemia, and myocar- 
dial infarction reduce the pacing threshold. 


Anesthesia for Pacemaker Implantation. 
— With this background, it is now appropri- 
ate to consider anesthesia for the implanta- 
tion of a pacemaker, the change of a pace- 
maker battery, and for patients who have a 
pacemaker in place and are to undergo a 
surgical operation. It has been stated that 
heart block typically occurs in the 6th and 
7th decades of life and the need for a pace- 
maker is dictated by symptom-procucing 
heart block. These patients, because of their 
age, may have many associated diseases de- 
manding specific considerations if morbidity 
and mortality are to be minimal. Their myo- 
cardial function may vary from bordering 
on normal to being barely compatible with 
life. The problems of assessing and anes- 
thetizing a patient with severe heart disease 
will have been considered by other members 
of the panel. 


A complete array of drugs and equipment 
must be at hand for cardiopulmonary resus- 
citation. The minimum requirements are a 
finger on the pulse, the ECG display on the 
oscilloscope, a DC cardiac defibrillator, and 
the usual drugs necessary for cardiac resus- 
citation. 


Transvenous endocardial electrodes are 
most commonly employed with the implan- 
tation of a pacemaker. We, as others,5.1? 
are firmly convinced that the electrodes 
should be inserted under local anesthesia. 
Patients who have heart block with symp- 
toms and are submitted to general aresthe- 
sia are likely to develop cardiac standstill, 
ventricular tachycardia, or ventricular fib- 
rillation.1° Local anesthesia may be sup- 
plemented with light sedation. We изе di- 


azepam, finding that as little as 2.5 to 5 mg 
IV may be all that is required to calm the 
apprehea3 :уе patient. 


It has been our experience that if the 
patient «gins to object, the remedial action 
is not t» increase sedation and thus verge 
on gened anesthesia, but rather for the an- 
esthesio cgist to reassure the patient and 
have the surgeon stop the surgical procedure 
until acequate anesthesia at the operative 
site has keen secured with the infiltration of 
additiora: local analgesic agent. We have 
found (_5 percent lidocaine with epineph- 
rine 1:200,000 ideal for this purpose. 


This :ееһпіс also makes possible creation 
of a pocket for the battery. The alternative 
is to seeure pacing and then induce general 
anesthesia for the implantation of the bat- 
tery, us rg a temporary external battery un- 
til the pecket is created and the implantable 
battery can be quickly secured to the leads 
and slipped into the pocket. 


A theracotomy is required for epicardial 
leads, which have been successfully im- 
planted under local anesthesia and seda- 
tion. Xe believe that such patients should 
have a ‘етрогагу transvenous pacemaker 
insertec, under local anesthesia, pacing se- 
cured, and the epicardial electrodes im- 
planted under general anesthesia?! appro- 
priate tor patients with cardiac disease, as 
discussec by other members of the panel. 


Anes hesia for Battery Change.—A bat- 
tery chaage is indicated when there is evi- 
dence cf battery failure. In most instances, 
this is indicated by a slowing of the heart 
rate, weh will signal complete failure of 
the battery in 7 to 20 days. Batteries may 
be elec ively changed just prior to the man- 
ufactur?-5 stated life expectancy of the bat- 
tery. E the pacing system is functioning, 
the battery can be changed under general 
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anesthesia, recognizing that there is a criti- 
cal point when the functioning battery is re- 
moved and the new battery secured to the 
leads and implanted into the pocket. 


During this period the patient may revert 
to the rhythm for which he originally had 
the pacemaker inserted or cardiac standstill 
may occur. If the procedure is not quick 
and smooth, the heart, particularly in the 
presence of general anesthesia, may go into 
ventricular tachycardia or fibrillation. For 
these reasons, we believe batteries should be 
changed under local anesthesia with 0.5 per- 
cent lidocaine with epinephrine, 1:200,000, 
plus light sedation. 


Anesthesia for Patients with Pacemakers. 
—Williams? stated that in 1974, 1/5000 
North Americans were living with an im- 
planted pacemaker. Johansson reports that 
in Sweden there are 63 new cases of com- 
plete heart block per million population per 
year.!* It is obvious from these data that 
anesthesiologists will be increasingly faced 
by patients with pacemakers, and, from what 
has been said above, that the patient with 
heart block and symptoms is at much great- 
er risk without a pacemaker than with one. 


When the anesthesiologist is faced with 
a patient who has a pacemaker, we believe 
the procedure to be carried out should be 
as follows: 


The reason for the implantation of the 
pacemaker should be known, as well as the 
type of pacemaker and its manufacturer’s 
specifications. 


It should be established that the pacemak- 
er is functioning. This is achieved by moni- 
toring the ECG, observing the pacemaker 
artifact, and assuring effective pacing. Fail- 
ure of pacing may be due to battery failure, 
disruption of electrodes or failure of capture 
at a myocardial level (fig 2). A problem 
arises in a patient with a demand pacemak- 
er of the ventricular-inhibited type when the 
patient’s rhythm is such that the pacemaker 
is sensing the R wave but not having to 
initiate an impulse. The pacemaker should 
be converted with a magnet to a fixed-rate 
type and effective pacing assured. 


Care must be taken to avoid trauma to 
the battery or damage to the leads. Trans- 
venous pacemakers may be dislodged by 
placing the patient into an unusual position 
—for instance, hyperextending the arm of 
a patient with a temporary transvenous 
pacemaker placed through the brachial vein. 
This is also more likely to occur when the 
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Failure of Pacing Etiology 


2 Є) 


(prem 


1 . BATTERY FAILURE 


• Runaway pacemaker 


2. BROKEN WIRE 
* LEAKING INSULATION 
+ EROSION 


3. FAILURE of CAPTURE 
+ INCREASING THRESHOLD 
+ DISPLACED ELECTRODE 
HEART PERFORATION 


INFECTION 


Fic 2. Failure of Pacing Etiology. 


endocardial electrode has been in place for 
only a short time. The electrodes eventually 
become securely attached to the heart by 
endocardial reaction, but we have had pa- 
tients whose electrodes became displaced as 
late as 2 weeks after implantation. 


Factors which alter the pacing threshold, 
as described above, must be avoided. It must 
be emphasized that sudden reductions in 
cardiac output, as may occur with a massive 
hemorrhage or by suddenly taking the legs 
out of the lithotomy position, may result in 
myocardial ischemia and a lowered thres- 
hold. 'The adequacy of venous filling of the 
heart should be guaranteed. 


Electrical Interference with Pacemakers. 
—Pacemakers may be adversely affected by 
electromagnetic fields.!* These include cau- 
tery, diathermy, and radar impulses within 
physiologic range. In general, bipolar elec- 
trodes and fixed-rate pacemakers are less 
susceptible to electrical interference than 
unipolar leads and demand units. 


Although there have been great techno- 
logic advances in the insulation of pacemak- 
ers, the grounding plate of the cautery 
should be placed as close to the operative 
site as possible and as far from the battery 
as possible. 'The cautery should not be used 
within 15 cm of the battery, not only be- 
cause it may interfere with the battery cir- 
cuitry, but also because if the cautery should 
come in contact with a break in the insula- 
tion of the electrode, the high-frequency cur- 
rent may cauterize the myocardium at the 
tip of the electrode, rendering it insensitive 
to pacing impulses. 
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When a situation exists that an electro- 
magnetic field may be interfering with pace- 
maker function, the patient's hemodynamic 
stability must be monitored by following the 
pulse rate and blood pressure. If electrical 
interference occurs, the offending field must 
be turned off. If this is disadvantageous, as 
during a transurethral prostatic resection, 
the demand pacemaker should be converted 
to a fixed-rate unit, which may obviate the 
electrical interference from the cautery. 


Inapparent signals from shortcircuits in 
the battery, from skeletal muscle, and from 
concealed premature ventricular contrac- 
tions have been reported to interfere with 
demand pacemakers.?? Outside the operat- 
ing room, even microwave ovens and electric 
shavers may interfere with battery function. 


'The anesthesiologist with the above guar- 
antees should then proceed to give an anes- 
thetic best suited for the surgical require- 
ments in view of the patient's medical status, 
knowing that the presence of the pacemaker 
is another factor adding to the safety of 
the patient with heart block during his oper- 
ative and anesthetic experience. 


CONCLUSIONS 

A cardiac pacemaker is indicated when 
heart block results in Stokes-Adams attacks, 
heart failure, angina, or life-threatening ven- 
tricular arrhythmias. Heart block of this 
magnitude usually occurs in the 6th and 
7th decades of life and is due to a degenera- 
tive process of the conducting system of the 
heart, although it is also seen earlier in life 
following myocardial infarction, myocardial 
inflammatory processes, and certain drug 
intoxications. 


Because we are dealing with a geriatric 
population who may have associated dis- 
eases or with patients in a lower age group 
with severe myocardial disease, it is safest 
that temporary and permanent transvenous 
pacemakers be inserted under local anesthe- 
sia with appropriate sedation. A temporary 
transvenous pacemaker should be installed 
under local anesthesia prior to the implanta- 
tion of a permanent transthoracic pacemak- 
er under general anesthesia. When a pace- 
maker battery is to be changed, it can be 
safely and easily done under local anesthe- 
sia, again with appropriate sedation. 


A patient with a pacemaker undergoing a 
surgical procedure is subject to various risks 
inherent to having a pacemaker. Patients 
with a fixed-rate pacemaker run the risk of 
sudden ventricular fibrillation if the pace- 
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maker impulse falls in the vulnerable period 
of the -ardiac cycle which corresponds to 
the upgcke of the T wave. Normally, 30 
ma cu-rnt is required to induce fibrillation 
during ^is period. This threshold will be 
marked reduced by cardiac ischemia. 


Patents with demand pacemakers may 
have #=іг pacemakers suppressed by elec- 
tromazratic fields, the commonest cause be- 
ing the «autery. This event can only be de- 
tected ту monitoring the pulse, and for- 
tunatd> the pacemaker usually resumes 
normal ^unction as soon as the offending 
electrerzagnetic field is turned off. 


Pacexaker failure may result in cardiac 
standst Й, ventricular tachycardia, or ven- 
tricul:r fibrillation. In some instances, the 
pacemaser having been suppressed, the pa- 
tient wll revert to the heart rate for which 
the раеетаКег therapy was instituted. In 
any event, all patients must be carefully 
monito-ed and all resuscitative drugs and 
procedr-es held in readiness should cardio- 
vascu collapse be encountered following 
pacen:zker failure. 
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Drugs in Cardiac Supoortive Care 


ROGER D. WHITE, MD* 


LE IS essential to consider several basic 
principles of drug therapy wher one 
elects to use drugs in any situation. This 
has critical implications in patients with 
cardiac disease. Some of the questicns to 
be answered are: What is the precise indi- 
cation for drug intervention? Which d-ug is 
most appropriate? What are the possible or 
likely side effects? Does drug therapy carry 
a risk of adverse effect that might, ir fact, 
worsen the situation? 


'This presentation is directed at emergen- 
cies, or potential emergencies, for which 
drug treatment might be considered life-sav- 
ing. As such, it falls within the proviace of 
resuscitation and emergency cardiac care. 
Objectives of intervention with drugs m this 
context include: to slow or to accelerate 
cardiac rate; to suppress ventricular ectopic 
activity; to stimulate spontaneous or more 
forceful myocardial contractions; to increase 
perfusion pressure; to correct metabolic 
acidosis. 


The use of drugs in emergency cardiac 
care is discussed within the framework of 
several clinical situations in which argent 
drug therapy is indicated. Specific drugs 
that are useful, and even essential, in 
emergency management include digoxin 
(or other rapid-acting digitalis glycosides) , 
propranolol, atropine, lidocaine, ргосгіпа- 
mide, isoproterenol, epinephrine, calcium 
chloride (CaCl.), and sodium bicarbonate 
(NaHCO;). 


The Need for a Planned Approach —Un- 
fortunately, in the presence of life-th»esten- 
ing crises, it is almost never possible to take 
time to ask and to answer all questions. 
Physicians involved in the management of 
patients with life-threatening crises, there- 
fore, must have a well-planned and organ- 
ized approach to such events in advance of 
their occurrence. This discussion will at- 
tempt to develop such an approach .o sev- 
eral potentially life-threatening problems in 
patients with cardiac disease. The crienta- 
tion is deliberately practical, without details 


of the thecretic considerations that underlie 
both the problems and their management. 
Furthermore, since “cardiac disease" encom- 
passes = whole spectrum of lesions and re- 
lated cemplications, primary consideration 
will be rected toward patients with coro- 
nary artery disease. 


It must be emphasized that before the 
appreacn outlined herein is applied, all 
other famers in the anesthetic circumstance 
which rmeght be causing or contributing to 
the apparent complication must be ruled 
out. These include, among others, inade- 
quate ventilation, too light or too deep anes- 
thesia, and electrolyte imbalance. The as- 
sumpticm that these have been considered 
will be mazde throughout this discussion. 


Some ef the questions to be reviewed are 
these: What circumstances might necessi- 
tate prempt drug intervention? In those cir- 
cumstasces, what specific indicators are 
there for drug treatment? What are the 
appropriate drugs and doses? What side- 
effects might be anticipated? These ques- 
tions will be considered in the context of 
some of tke potentially life-threatening con- 
ditions that may suddenly develop in pa- 
tients wih cardiac disease under anesthesia, 
particular y in patients with coronary ar- 
tery disease. 

The flowing outline will be used to 
identify conditions that might necessitate 
rapid intervention with drug therapy: 

I. Cardiac dysrhythmias 
A Supraventricular 
1. Bradydysrhythmias—sinus or 
junctional 
2. Tachydysrhythmias — atrial 
flutter, atrial fibrillation, par- 
oxysmal atrial tachycardia 
3 Ventricular 
1. Ventricular premature beats 
(VPBs) 
2. Ventricular tachycardia 
8. Ventricular fibrillation 
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Fic 1. Atrial flutter with 2:1 А-У conduction. Ventricular rate 130 bpm. 
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Ес 2. Atrial fibrillation with rapid ventricular response. Ventricular rate approximately 160 bpm. 


C. Atrioventricular (А-У) block 
1. Second-degree (Mobitz I and 
II) 
2. 'Third-degree (complete heart 
block) 


II. Acute hypotension or hypertension 
III. Cardiopulmonary arrest 
I. Cardiac Dysrhythmias. 


A. Supraventricular. 1. Bradydysrkyth- 
mias—Sinus or Junctional.—Slowing of the 
heart rate as an apparent result of reflex 
vagal activity during a surgical procedure 
is well known to anesthesiologists. The car- 
diac vagolytic action of atropine predictably 
produces an increase in the rate. Because 
heart rate is a major determinant of myo- 
cardial O, requirement,! acceleration of the 
rate in patients with coronary artery dis- 
ease may disturb the relationship between 
myocardial O, supply and demand, leading 
to acute myocardial ischemia.? 


Supraventricular bradycardia that does 
not compromise cardiac output or permit 
ventricular escape ectopy usually does not 
require treatment. If, however, bradycardia 
is accompanied by hypotension or frequent 
ventricular ectopic escape beats, treatment 
is necessary. Atropine can be given IV in 
increments of 0.3 to 0.5 mg until the desired 
rate is attained (usually around 60 tc 70 
bpm). 


2. Tachydysrhythmias. — Atrial flutter 
(fig 1) may become life-threatening if the 


ventricular response is rapid enough to pro- 
duce an acute fall in cardiac output and is 
accompanied by hypotension. In addition 
to the rapid ventricular rate, the myocardial 
O, requirement is increased and the coro- 
nary flow is compromised by the abbreviated 
diastolic time. This applies to rapid ven- 
tricular rates in all tachydysrhythmias and 
is a major reason why tachydysrhythmias 
may be poorly tolerated in the presence of 
coronary artery disease. 


Atrial flutter is usually sensitive to di- 
rect-current (DC) cardioversion, which is 
the treatment of choice when possible. If 
impossible, and if hemodynamic deteriora- 
tion is present, rapid digitalization should 
be carried out. Digoxin (0.5 to 0.75 mg) 
should be given IV, then 0.25 mg every 4 to 
6 hours until the ventricular rate is con- 
trolled. If the ventricular rate is poorly 
controlled by digitalis, propranolol in 0.5-mg 
increments up to 3 mg can be given IV, 
slowly and cautiously. Congestive cardiac 
failure and pulmonary disease with a bron- 
chospastic component are contraindications 
to propranolol. It must be kept in mind that 
acute congestive failure may be precipitated 
by the rapid ventricular rate. 


In general, the same principles apply to 
the acute management of atrial fibrillation 
with a rapid ventricular rate (fig 2) and 
paroxysmal atrial tachycardia (fig 3). If 
hemodynamic deterioration develops rapid- 
ly after onset of these dysrhythmias, DC 
cardioversion should be employed when 


Drugs in Supportive Care ... White 


er ү, 
M M if T 
: hp SN OS 


popa Мы М А м 


Eg 


i 


i į 
EE 


NR ^^ 
АРААРАР 


i of i 
y af if / Bic H d Н 3 
"beret 








POE em Ü 


Fic 3. Paroxysmal atrial tachycardia im patient with known Wolff-Parkinson-White syndrome. Ven- 
tricular rate 220 bpm. Hemodynamic deteriorstion necessitatee immediate DC cardioversion. 


available. Otherwise, rapid digitalization is 
necessary to control the ventricular rate. 


B. Ventricular. 1. Ventricular Premature 
Beats.— Ventricular ectopic activity, wheth- 
er due to enhanced automaticity or reentry,* 
may be electric evidence of acute rayocar- 
dial іѕсһетіа.* The probable role of the 
slow response action potential (the siow in- 
ward current) in the genesis and mainten- 
ance of reentrant dysrhythmias has recently 
been reviewed.^ It is likely that the slow 
response action potential accounts for much 
of the ectopy seen in the early phase of 
acute myocardial ischemia. 


When ischemia is likely to be the cause 
of dysrhythmias, prompt pharmacolozic sup- 
pression is usually necessary, since ventricu- 
lar ectopic activity may progress rapidly to 


A 


уепёгіс.й: г tachycardia or ventricular fibril- 
lation « YF) or both. VPBs that are fre- 
quent > 5/тіп), multiform, close coupled 
(near Фе apex of the preceding T wave), or 
recurrizg in bursts or salvos of two or more 
in suceession generally are considered spe- 
cific ireications for drug suppression? (fig 
4). The сти of choice in such circumstances 
is lidocaine. A bolus of 75 to 100 mg (1 mg/ 
kg) cem be given IV and repeated PRN 
every 5.0 5 minutes up to a total of about 
300 ma. In order to sustain the plasma 
level еї lidocaine in a suppressive range 
(1.5 te &5 pg/ml) it is necessary to follow 
the bowe with a continuous infusion of lido- 
caine zi 1 to 4 mg/min.? This can be done 
by adcinz 1 gm of lidocaine to 250 ml of 5 
pereent dextrose in water (D/W) (4 mg/ml 
lidocaine) and infusing the solution via a 











Fie 4. A. Ventricular ectopy, with rum of 4 successive VEEs on left, followed by junctional escape 
beat. B. Burst of ventricular tachycardia. C. Brief burst of ventricular tachycardia initiated by close- 
coupled VPB (4th beat from left) with rapid degeneration ime WF. 
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Fig 5. Sequential tracings in 50-year-old man with triple-vessel coronary artery disease undergoing 
anesthesia and surgery. A. Before induction: sinus tachycardia, 115 bpm. B. Prior to draping, while 
receiving halothane-N,O-O,: ventricular tachycardia, 250 bpm. Systolic pressure 50 torr. C. Immediately 
after 100 mg lidocaine IV and 200 watt-seconds DC countershock: sinus tachycardia, 120 bpm. 


microdrip apparatus, initially at 60 micro- 
drops/min (4 mg/min). 


Lidocaine undergoes hepatic degradation. 
If cardiac output and hepatic blood flow are 
impaired or if hepatic disease is present, 
lidocaine toxicity will develop if the dose is 
not reduced. Plasma levels of lidocaine in 
excess of 6 „g/ml are likely to be associated 
with toxicity, usually related to the central 
nervous system." 


If lidocaine is ineffective in suppressing 
the ectopy, as may infrequently be the 
case,!? procainamide can be used. It is giv- 
en IV at a rate of 25 to 50 mg/min until 
adverse reactions occur, the dysrhythmia is 
terminated, or a total dose of 1 gm is 
given.!! The ECG and the blood pressure 
must be observed closely, since procaina- 
mide may produce hypotension and ECG 
changes indicative of toxicity, usually wid- 
ening of the QRS interval. Given in this 
manner, it can be used safely and effectively 
to suppress lidocaine-resistant ventricular 
ectopy. 


2. Ventricular tachycardia (fig 5) can 
produce a precipitous decrease in cardiac 
output and blood pressure—even frank car- 
diopulmonary arrest. In such cases, imme- 
diate DC cardioversion is the treatment of 
choice, followed by injection of lidocaine as 
a bolus and by infusion as just described. 
If hemodynamic deterioration is not pres- 


ent, lidocaine as a bolus and an immediate 
infusion can be given. If this treatment does 
not cause the rhythm to improve promptly, 
DC cardioversion should be used, since ven- 
tricular tachycardia may rapidly degenerate 
into VF. 


3. Ventricular fibrillation is a lethal dys- 
rhythmia. Immediate treatment is DC de- 
fibrillation, followed by an injection of lido- 
caine as a bolus of 75 to 100 mg and an 
infusion at 1 to 4 mg/min. It must be em- 
phasized that in the presence of myocardial 
ischemia, both ventricular tachycardia and 
VF, if terminated by DC countershock, must 
be followed by lidocaine therapy in order 
to maintain suppression of the ventricular 
ectopy and to prevent recurrence of the dys- 
rhythmias." 


C. Atrioventricular Block.—As first-de- 
gree A-V block is not a life-threatening dis- 
order, it will not be discussed here. 


1. Second-degree block is classified as 
Mobitz I and Mobitz II. Mobitz I block is 
of the Wenckebach type, in which there is 
progressive lengthening of the P-R interval 
before the dropped ventricular response. 
'This form of block, which is almost always 
at the junctional level, may accompany 
acute myocardial infarction of the inferior 
wall]? No treatment is usually required, 
since the ventricular rate is adequate, even 
if complete block should develop (the A-V 
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Fic 6. Complete A-V block. A. Atrial rate $0 bpm; ventriculi 
tricular rate variable, 25 to 30 bpm. 


junction is usually the escape pacemaker in 
such cases). If the ventricular rate E asso- 
ciated with hypotension, atropine can be 
used in increments of 0.3 to 0.5 mg. 


In Mobitz II A-V block, droppec beats 
occur, but the P-R interval of all conducted 
beats is constant. The conduction defect is 
below the A-V node, and in most cases there 
is some degree of bilateral bundle 5ranch 
block.!2 Should this form of block develop, 
transvenous pacing is indicated, since pro- 
gression to complete heart block will be ac- 
companied by unusually slow vencricular 
rates of 30 to 40 bpm. Attempting tc accel- 
erate the ventricular rate with atropine or 
isoproterenol may slow the ventricuiar rate 
by increasing the degree of block.!? 


2. Third-degree А-У block (complete 
heart block) (fig 6) is usually accompanied 
by idioventricular escape rates of 3% to 40 
bpm. Definitive treatment is cardizc pac- 
ing; this should be accomplished as soon as 
possible. It may be necessary to sustain the 
ventricular rate while preparations for pac- 
ing are made; atropine in increments up to 
a total of 2 mg can be tried. An infusion of 
isoproterenol is more likely to be effective. 
For this, 1 mg of isoproterenol can be added 
to 250 ml of 5 percent D/W, and this solu- 
tion can be infused via microdrip until a 
Sufficient ventricular rate is attained, usu- 
ally 50 to 60 bpm. 


II. Acute Hypotension or Hypertersion.— 
The fundamental problem developirg from 
either hypotension or hypertension in pa- 
tients with coronary artery disease relates to 
an acute imbalance between myocardial О, 
supply and demand. Hypotension, by re- 


ate 36 bpm. B. Atrial rate 77 bpm; ven- 


ducing »essure-dependent coronary blood 
flow, caw 2roduce acute myocardial ischemia, 
and the patient must be treated promptly. 
Hyperte-sion, by increasing left ventricular 
wall terzion, a major determinant of О, 
requirement, can increase myocardial O, 
demand In the anesthetized patient, the 
initial e~sdence of acute myocardial ischemia 
produce by either hypotension or hyperten- 
sion is =7-Т wave displacement or inversion 
on the EZG. Almost always the cause can 
be idert Jed and appropriate treatment can 
be inst:g:ted. For example, acute and severe 
hypertezsion and tachycardia may accom- 
pany end follow laryngoscopy and intuba- 
tion if anesthetic depth is insufficient. If 
this occars, prompt control usually can be 
achievec by administration of anesthetic 
agents 


If hypotension is a manifestation of acute 
pump ‘edure, vasoactive drug support may 
be necessary. Dopamine is useful in this 
circums-ance,!* and 200 mg is added to 250 
ml of 5 ercent D/W. Initially 2.5 ug/kg/ 
min ezr be infused via microdrip and in- 
creased-er decreased according to response. 


Sodax1 nitroprusside is a relatively re- 
cent ation to drug alternatives in sup- 
portive «ardiac саге.15 It is useful in the 
contro: æf hypertensive crises, but it may 
also be employed in acute left ventricular 
failure zecompanying myocardial infarction, 
because of its systolic unloading effect (a 
reduct;ca in left ventricular afterload) .!5.19 
It is gn as a constant IV infusion from 
a dilutisn of 50 mg in 500 ml of 5 percent 
D/W. The infusion can be started at 0.5 
pgikgirän. and adjusted according to re- 
sponse. 
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These are only two of the pharmacologic 
options available in the presence of hypo- 
tension or hypertension. It is apparent that 
the cardiac origin of the crisis needs te be 
clearly established before such therapy is 
employed. If acute cardiac failure is pres- 
ent, hemodynamic monitoring should in- 
clude direct arterial and pulmonary cepil- 
lary wedge pressure as soon as feasible. 


IH. Cardiopulmonary Arrest. — Cardio- 
pulmonary arrest may result from VF (or 
pulseless ventricular tachycardia), ventricu- 
lar asystole (standstill), or cardiovascalar 
collapse (electromechanical dissociatien). 
Proper management of cardiopulmonary ar- 
rest necessitates a knowledge of, and рег- 
formance ability in, both basic and advanced 
cardiac life support.!7 The specifics of ad- 
vanced treatment modalities are reportec by 
the American Heart Association.!* 


Ventilation with 100 percent О„ mus: be 
instituted as soon as possible, for reasons 
well known to anesthesiologists. They in- 
clude low cardiac output during cardiopul- 
monary resuscitation and intrapulmorary 
shunting, both major causes of hypoxemia. 


Metabolic acidosis, the inevitable accom- 
paniment of the arrested state, is treated with 
NaHCO,, ideally with measurement of ar- 
terial blood-gas tension and pH as guides 
to therapy. Empirically, 1 mEq/kg can be 
given initially and repeated once if neces- 
sary. Thereafter, one-half the initial dose is 
given. Metabolic alkalosis, hyperosmolality, 
and retention of Na* and H,O are possible 
consequences of administration of excessive 
NaHCo,. 


Ventricular fibrillation, as already pointed 
out, is best treated promptly by DC defikril- 
lation, followed by lidocaine. If the fibriila- 
tion is fine, it can be converted to a cozrse 
fibrillation more responsive to countershock 
by giving IV 0.5 mg (5 ml 1:10,000) of epi- 
nephrine. This can be repeated every 5 min- 
utes, if needed. The patient with coarse VF 
that is unresponsive to defibrillation or that 
reverts repeatedly after temporary conversion 
should be treated with lidocaine as both 
bolus and infusion. If refractory VF per- 
sists, propranolol in 1-mg increments, aleng 
with 1.2 to 2.4 mg of atropine, can be giv- 
en.!? The total dose of propranolol probably 
should not exceed 3 to 5 mg. Hypoxemia 
and metabolic acidosis must be corrected be- 
fore defibrillation can be expected. 


Ventricular standstill is the most omineus 
form of arrest. After oxygenation and treat- 
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ment for metabolic acidosis, 0.5 mg of epi- 
nephrine or 250 to 500 mg (10% solution) 
of CaCl», or both, can be tried. These can 
be repeated, or isoproterenol as an infusion 
can be begun. 


Electromechanical dissociation is best 
treated with CaCl, in the foregoing doses 
to improve the cardiac inotropic state and, 
hence, cardiac output. If calcium is ineffec- 
tive, epinephrine can be added. Hypoxemia 
and metabolic acidosis must be corrected 
before results can be expected in any of 
these causes of arrest. 
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RATE-PRESSURE PRODUCT. Tae product of hear: rate and systolic blood pressure 
correlates with myocardial oxygen requirements. "The constancy of this product 
during right atrial pacing induced anginal pain with <r without angiotension produced 
hypertension was studied in 12 patients. Without erziotension produced elevations in 


blood pressure angina occurred at-a heart rate of 1@ beats/min and a systolic blood 
pressure of 139 torr. When systo‘ic blood pressure was increased to 176 torr angina 
occurred when the cardiac rate was 131 beats/mia. Despite the differences in rate 
and pressure the resulting rate-pressure product at which angina occurred was similar 
with or without hypertension. These data support the hypothesis that there is a 
constant myocardial oxygen consemption for each -atient at which angina develops 
regardless of whether there is a relatively greater increase in heart rate or blood 
pressure. In contrast, drugs may change the angine threshold. For example patients 
exercising after nitroglycerin dev-lep angina at а tezker rate-pressure product while 
after propranolol the product at “he onset of angias may be reduced. (Cokkinos DV, 
Voridis EM: Constancy of presstre-rate product a= pacing-induced angina pectoris. 
Brit Ht J 38:39-42, 1976) 
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Anesthesia for Patients Early After Infarction 


EMERSON A. MOFFITT, MD* 


Fe an elective operation, sound advice, 
from Tarhan’s study,! is to wait at least 
6 months after a myocardial infarction 
(table). Tarhan’s group documented the in- 
cidence of reinfarction occurring within a 
week of operation as 37 percent for patients 
anesthetized within 3 months of infarction. 
Waiting 3 to 6 months after infarction be- 
fore operation reduced the incidence to 16 
percent. The incidence of postoperative re- 
infarction stabilized at 5 percent after a 
6-month interval from the previous infarc- 
tion. The period of highest risk of anesthesia 
and operation is the first 15 days after in- 
farction, with the new segment of dead and 
ischemic muscle present. 


Everyone practicing clinical anesthesia 
has been, or sometime will be, faced with 
the necessity of anesthetizing a patient 
within 6 months of infarction. While only 
life-threatening emergencies should be op- 
erated upon early after infarction, they do 
occur and operation must be done. Other 
than the rare occurrence of appendicitis or 
a strangulated hernia, the most likely true 
emergency early after infarction is embolec- 


tomy. A pulmonary embolus may require 
whole body perfusion for removal: an anes- 
thetic challenge of great magnitude. More 
likely is a clot from the left atrium, occlud- 
ing a regional artery. An embolus to a fem- 
oral or brachial artery can be quite simply 
removed, but if infarction of bowel occurs 
from a mesenteric arterial embolus, a more 
major anesthetic procedure is required, with 
a much higher risk. 


A. Preoperative Assessment. 


The major areas for assessment include: 

(a) Circulatory. Here is the site of the 
problem: the weakened myocardium. How 
reduced is peripheral blood flow? Are the 
limbs dusky and cool? Is there frank con- 
gestive failure? Is there hypotension, with 
or without vasoconstriction? Is there a slow 
or fast pulse rate or arrhythmias? Is urinary 
output adequate? 


(b) Respiratory. Has the patient dysp- 
nea or hypoxemia, with or without an in- 
creased inspired O, concentration? Does he 
need assistance with ventilation? 


(c) Laboratory work. Are hematocrit, 


TABLE 


Myocardial Infarction After General Anesthesia: Relation 
to Interval from Previous MI to Surgery, by Sex! 

















MI in men (M) MI in women (W) Percent MI 

Months Previously Again postop Previously Again postop again (M -+ W) 
0-3 8 3 37 
4-6 15 3 4 16 
7-12 31 2 11 

13-18 26 1 1 

19-24 19 1 2 

25+ 186 10 46 1 

Old MI, age 64 7 9 10 

not recorded 

Total 349 27 73 1 6.6 





*Professor and Head, Department of Anaesthesia, Faculty of Medicine, Dalhousie University, Halifax, 


Canada. 


Recent Infarction . . . Moffitt 


clotting factors, and electrolytes normal? 
Has he been taking anticoagulants? Is whole 
blood available and cross-matched? 


(d) Drugs. These patients may be on a 
variety of cardiosupportive drugs, from digi- 
talis, diuretics, propranolol and lidocaine to 
the catecholamines by drip. 


One can readily see that the more affirma- 
tive answers there are to the above ques- 
tions, the greater the risk of anesthesia and 
operation. 


B. Electrocardiographic Picture of Acute 
Infarction. 


Three zones in the region of an infarct 
are involved: 


(a) A peripheral zone of ischemia causes 
inversion of the T wave due to altered re- 
polarization. 


(b) Next, a zone of muscle injury causes 
elevation of the S-T segment. 


(c) The central zone of infarction, or 
death of muscle, causes Q or Q-S waves, 
due to absence of a depolarizing current 
from the dead tissue, plus opposing currents 
from other parts of the heart. 


During recovery from the infarct (the 
subacute and chronic stages), the S-T seg- 
ment is often the first to return to normal, 
then the T wave, due to disappearance of 
the zones of injury and ischemia. 


C. Basic Rules for Anesthetic Manage- 
ment. 


The paramount necessity is to maintain 
the already precarious circulation. The prin- 
ciples are: 


(a) Use as light a level as is possible for 
the particular operation. Often, only anal- 
gesia and amnesia are needed, or regional 
anesthesia. 


(b) Many combinations of drugs are pos- 
sible, and can be used safely in small, care- 
ful doses. 

(c) Assure an elevated inspired O, con- 
centration and adequate ventilation. 

(d) Keep the blood volume optimal: re- 
place losses early. 

(e) Treat abnormalities of rate and 
rhythm vigorously. 


(f) Monitor closely. 


D. Effects of Anesthetic Drugs. 


All the potent agents depress myocardial 
contractility and dilate the peripheral vas- 
cular bed in direct relation to their concen- 
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tratior im arterial blood. The inhaled gases 
do this in the decreasing order of: halo- 
thane, methoxyflurane, enflurane, and №0. 
However, the risk of hypoxemia is incurred 
in usizg N.O in the patient with a precari- 
ous ci-culation. 


The spiates and Innovar? do not depress 
the my»cardium particularly, but by arte- 
riolar Elation they can produce hypotension 
in a vaseconstricted patient. Several drugs 
often given to these patients, such as lido- 
caine, quinidine, and diphenylhydantoin, 
can pzciong the action of tubocurarine. 


E. anesthetic Technics. 


The best approach depends on the site 
and Казо of operation, as well as the length 
of time after the infarction. 


The myocardium is most easily depressed 
during the first 30 postinfarction days. This 
early 2eriod also has the greatest likelihood 
of thrombus formation in the left atrium, 
requiring peripheral embolectomy. For the 
latter. әса! infiltration, small doses of di- 
azepax: and opiates, plus О, by mask, usu- 
ally saffice. 


The circulation is more stable after the 
lst menth. Then more safe choices are 
available: 

(ay Careful induction with diazepam or 
thiopental. 

(bi Ж.О and O, plus opiate or small 
атоштё of enflurane. 

(c Spontaneous or controlled breathing, 
as recvired. 

F. 2atential Problems. 

The circulatory problems encountered 
durinz anesthesia are generally of 3 kinds: 

‘a’ Abnormal rate, usually bradycardia. 


ib" Abnormal rhythm; may be due to: 
датаыз to the conduction system; ectopic 
beats effect of anesthetic agents. 


(c; Decreased left ventricular function. 
G. Bradycardia. 
A heart rate below 60 bpm in origin may 
be: 
{a Extracardiac: due to vagal reflex. 


(b- Intracardiac: in a posterior infarc- 
tion, vagal reflex or damage to the conduct- 
ing s7stem. 

(c Iatrogenic: (1) From drugs such as 
digitzlis and propranolol; (2) From anes- 
thetic agents, the most potent of which slow 
the Leart rate. 
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The hazard of bradycardia is that cardiac 
output further decreases. Due to the area 
of injured myocardium, the heart cannot 
increase its stroke volume to make up for 
fewer strokes. Also, during the long diastole, 
ectopic foci fire off from the area of the 
infarct. With these ectopic foci and the 
regular pacemaker both firing, there is the 
risk of ventricular fibrillation, due to an 
ectopic contraction hitting a T wave. 


Sinus bradycardia may be abolished by 
small, repeated doses of atropine. Blocking 
vagal depression of contractility allows in- 
crease of sympathetic tone to the heart and 
greater cardiac output by this second mech- 
anism, along with increase in rate. 


With severe bradycardia or heart block 
present before anesthesia, the best approach 
is to have a transvenous pacemaker inserted 
for control of the rate. 


During anesthesia, maintain normocardia 
and an elevated inspired O, concentration. 
Both gallamine and pancuronium tend to 
increase heart rate. 


H. Arrhythmias. 


'The potential causes of, and contributors 
to, ectopic activity early after an infarction 
are many. Several are often present to- 
gether: 


(a) Reduced Pao, from respiratory or 
circulatory causes. 


(b) Ectopic foci in ischemic and dead 
‘tissue areas, engendered by altered electri- 
cal activity. 


(c) Hyper- and hypocapnea. 
(d) Hyper- and hypokalemia. 


(e) Catecholamine increase, either en- 
dogenous or exogenous. 


(f) Digitalis toxicity and high doses of 
quinidine. 


Digitalis is required for rapid atrial fib- 
rilation, while both ventricular tachycar- 
dia and fibrillation require cardioversion. 


The ventricular-hyperirritability rhythms 
(ectopic beats and bigemini) should be 
treated early and vigorously. Eliminate the 
possibilities of high or low Paco, and low 
Paos. If total body K* is reduced, 2 to 4 
mEq boluses of KCl usually abolish pre- 
mature ventricular contractions. Follow with 
KCI by drip. Lidocaine (in the doses men- 
tioned by Dr. White?) is the traditional 
agent. These patients, already anesthetized 
and probably with a reduced cardiac out- 
put, are poor candidates for propranolol. 
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Pace the heart at a faster rate if a pace- 
maker catheter is in place. 


I. Decreased Ventricular Function. 


Arterial hypotension is the most dreaded 
happening during anesthesia early after in- 
farction, since above all, coronary perfusion 
must be maintained in the presence of a 
damaged myocardium. One must decide 
upon the causes of the reduced ventricular 
function. Has the pump failed or are other 
factors contributing to the inadequate cir- 
culation? Is congestive failure present, with 
high central venous, pulmonary arterial, 
and left ventricular end-diastolic pressure 
(LVEDP)? Are there signs of pulmonary 
edema, hypoxemia, or severe peripheral 
vasoconstriction? 


The key to successful treatment of low 
cardiac output is to decide whether left 
atrial pressure and LVEDP are low, nor- 
mal, or high. If they are low or normal, 
increasing the blood volume will raise these 
pressures and increase stroke volume and 
cardiac output. Starling’s law works, with 
an increase of LVEDP improving cardiac 
output by sarcomere stretching, up to an 
LVEDP of 20 to 22 torr. Above that pres- 
sure, the sarcomeres are overstretched and 
the ventricle begins to dilate and fail. Since 
central venous pressure is an imprecise in- 
dicator of LVEDP, one must either measure 
pulmonary wedge pressure by Swan-Ganz 
catheter or estimate LVEDP from other 
signs of myocardial failure. 


When hypotension is present with high 
atrial pressures, positive inotropic drugs are 
needed. For rapid action, calcium chloride 
(100 to 200-mg doses, to a total of 2 to 3 
gm) often is effective. A catecholamine by 
microdrip (isoproterenol, epinephrine, do- 
pamine) provides smoother action for long- 
term support. Small doses of lanoxin often 
will increase contractility. In addition, the 
surgeon must finish his operation quickly, 
acidosis and hypoxemia must be abolished, 
and arrhythmias and rate problems treated 
with KCI, lidocaine, or atropine. 


If the precarious circulation can be at 
least minimally maintained until anesthesia 
and the surgical procedure are ended, many 
of these high-risk patients will survive the 
postoperative period. 
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Preanesthetic Evaluation and Management of Malignant 
Hyperthermia in the Pig Experimental Model 


CHARLES E. SHORT, DW. MS* 
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Fifty-three swine from the University of Mis- 
souri Sinclair Medical Research Farm were 
used in experimentation to determine their sus- 
ceptibility to malignant hyperthermia, to de- 
termine appropriate anesthetic agents for sus- 
ceptible swine and to investigate appropriate 
pharmaceutical agents which could protect 
against the development of malignant hyper- 
thermia. 

The screening technics used were successful 
in determining susceptible animals to MH and 


M = hyperthermia (MH), a her- 
itable disease which becomes cf pri- 
mary concern when a susceptible individual 
is exposed to anesthesia,! has caused wide- 
spread concern in man and is now being 
found with increasing alarm in swine.?3 
MH has been reported in the dog* and cat,® 
and a suspected episode has occurred in the 
horse.» The characteristics of the disease 
appear quite similar in animals*? and in 
man,® and the hereditary predisposition is 
present in both, as is the higher incidence 
of the disease at younger age levels.?.* 


Review of known cases of MH indicates 
that the development of symptoms may fol- 
low the administration of a large group of 
potent anesthetics and related agents, in- 


the anesthesia studies indicated that dissocia- 
tive anesthetics had less tendency to trigger 
MH thaw did halothane and pancuronium was 
shown tohave greater safety as a muscle relax- 
ant than:succinylcholine in this group of pigs. 
Pigs pretreated with reserpine had less ten- 
dency te develop symptoms of MH and some 
were eompletely protected. The principle un- 
desirable effect was the development of hypo- 
tensior if sufficient reserpine was used to pro- 
vide tetai protection. 


cluding halothane, methoxyflurane, ether, 
cyclopropane, succinylcholine chloride, d-tu- 
bocurarine chloride, gallamine, and multiple 
combinations of agents, although it has 
been believed that local anesthesia, regional 
blocks, ‘barbiturates, narcotics, neurolept- 
analgesia, N,O, and ketamine may be safely 
used m susceptible individuals.5.19 


Individuals, animal or man, developing 
MH shew an increase in body temperature 
(ofter. progressing rapidly and uncontrol- 
labiy` , skeletal muscle rigidity, arrhythmias, 
hypexpnea, cyanosis, arterial O, desatura- 
tion, respiratory and metabolic acidosis, hy- 
perpbosohatemia, glucosemia, and, after ini- 
tia! hyperkalemia and hypercalcemia, possi- 
ble Eypokalemia and hypocalcemia.!! As 
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the condition progresses, there is an increase 
in serum levels of muscle enzymes. If the 
patient survives, muscle tenderness, weak- 
ness, and swelling are observed during the 
postanesthetic period. Serum creatine phos- 
phokinase (CPK) levels are usually ele- 
vated before symptoms appear and increase 
further after the development of MH.!2 
Serum aldolase, glutamic oxalic transami- 
nase, hydroxybutyric dehydrogenase, and 
lactic dehydrogenase appear to be elevated 
after the disease.13 


In man, preanesthetic histories and deter- 
mination of CPK levels,* and when possible, 
muscle-tissue biopsies,}4 are of value in de- 
termining individual susceptibility.!5-* In 
the experimental animal, an anesthetic chal- 
lenge can be used as a screening test, with 
withdrawal of the agents immediately upon 
observation of symptoms. Determination of 
CPK values is probably the most widely 
used chemical test at present in man but 
is not absolute, since myocardial infarction, 
muscular disease, burns, and CO inhalation 
also can produce high levels of CPK.18 


The etiology of MH is still debatable; 
Studies have been made relative to the 
role of insufficient body adenosine triphos- 
phate,?!5 intracellular calcium metabo- 
lism,?:1? uncoupling of oxidative phosphory- 
lation, and reduction of muscle phosphory- 
lase. The roles of single muscle cells versus 
muscle fiber responses and central action 
mediators versus peripheral have been stud- 
ied,5 as have the role of the sympathetic 
nervous system and of catecholamines be- 
fore, during, or after the development of 
symptoms.?9 


The purpose of the present experiments 
was threefold: 


1. To establish a protocol for more accu- 
rate screening of experimental animals. 


2. 'То supply additional information for 
the safe selection of agents to be used for 
anesthesia where susceptibility to MH is 
known or suspected. 


3. To test the hypothesis that MH re- 
lates to neurohumoral transmission of the 
adrenergic nervous system. 


MATERIALS AND METHODS 


Fifty-three swine were divided into 4 
groups according to the phase of the re- 
search to be completed. Group I consisted 
of 34 pigs of similar age and size, averaging 
+ 9 kg each at the beginning of the study, 
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and all with known hereditary probability 
for MH susceptibility. 


Group 1I consisted of 10 pigs in the 7.5 
to 10-week-old age range, averaging + 9 kg 
each. These pigs were the offspring of MH- 
susceptible parents. 


Group III (3 pigs, + 46 kg each) served 
as controls, since there was no history of 
MH in their breeding stock. 


Group IV (6 pigs) were unsusceptible 
subjects, used to ascertain whether the anes- 
thetic technics and agents employed in this 
study could cause MH in unsusceptible sub- 
jects. 


Halothane was administered by one of 3 
standard anesthetic units: a Foregger Fore- 
trend* 100; a North American Drager; or 
a Foregger Eiffel? model. When N,O was 
used in conjunction with halothane, it was 
usually given at the ratio of 1:1 v/v with 
O». NO flows never exceeded 80 percent 
of total volume when used as the primary 
agent. O, flow rates were never allowed to 
drop below 1 L/min, usually ranging from 
2 to 4 L/min. Whenever there was respira- 
tory depression or arrest, adequate ventila- 
tion was provided by immediate manual or 
mechanical respiration, usually with a bird? 
Mark 7 respirator operated at 30 cm of 
H,O, unless otherwise specified. 


Cardiac electrophysiology was monitored 
by a Tektronix® model 410 oscilloscopic 
ECG monitor, and blood pressure by an in- 
direct ultrasonic monitor. Ап Instrumenta- 
tion Laboratories micro-blood-gas analysis 
system was used for blood gases and pH 
measurement; and for more detailed physi- 
ologic studies, a Hewlett-Packard multichan- 
nel oscilloscopic monitor with hot stylus 
printout for recording data. 


Agents used, in addition to halothane, 
М„О, and О», included sodium thiamylal, 
for ultrashort barbiturate inductions; keta- 
mine, or a tiletamine-zolazepam combina- 
tion,* for dissociative anesthesia; Innovar? 
for neuroleptanalgesia; succinylcholine or 
pancuronium for muscle relaxation; and 
methyldopa or reserpine for autonomic ner- 
vous system effects. 


Methodology.—The method of identify- 
ing pigs susceptible to the MH syndrome 
was as follows: 





*Tiletamine-zolazepam: CI-744, anesthetic under 
development, Parke, Davis & Company, Ann Arbor, 
Michigan. 
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Halothane (4%) in 2 L/min O, was ad- 
ministered for 60 seconds, after which the 
concentration was reduced to 2 percent. 
After the development of relaxation and the 
induction of anesthesia, halothane levels 
were adjusted for the maintenance of a sur- 
gical plane of anesthesia. While this initial 
concentration exceeds normal MAC values 
for induction, it was important in these ex- 
periments to create the availability of a 
high concentration of halothane to mitiate 
responses indicative of MH, if pessible. 
Animals were considered “susceptible” to 
MH when 2/3 of the following characteris- 
tics were seen with halothane witnin 20 
minutes, and considered “normal” :f such 
response did not follow: 


a. A heart rate exceeding 200 bpm. 


b. An increase in rectal temperature of 
1° F. 


c. Development of muscle rigor. 


Normal in this context does not imply 
that the animals would not be susceptible 
to the development of MH with a similar 
challenge at a later date or to a challenge 
from another product. 


Since one of our objectives was to find 
additional ways to anesthetize swine and 
reduce the risk of MH, ketamine was ad- 
ministered at the rate of 11 mg/kg body 
weight. Since ketamine leaves some muscle 
resistance in the pig, the tiletamine-zolaze- 
pam combination was administered at the 
rate of 6.6 mg/kg body weight, for cempari- 
Son. 


As part of the experimentation, effects of 
those methods of administering anesthesia 
which had tended to develop symptoms of 
MH in man were studied in these animals, 
to learn if similar responses could be ex- 
pected. This included induction anc main- 
tenance by barbiturates, induction bw Inno- 
var, maintenance by N,O-O;, by halothane, 
and the use of succinylcholine (1.1 mg/kg) 
for muscle relaxation. Since succinyicholine 
and pancuronium have both been merimi- 
nated in producing MH in humans, these 
were also used as test agents. Pancuronium 
was administered at 2 levels in a 2-part 
trial giving 0.11 mg/kg IV in the :st por- 
tion and 0.22 mg/kg IV in the second. 


Prophylaxis.—Studies included adminis- 
tration of methyldopa or reserpine to sus- 
ceptible individuals, to determine whether 
these might prevent the developmnt of MH. 
There has been considerable attention to the 
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effect #f the monamine oxidase inhibitors 
and to Ёле role of beta-adrenergic blockers, 
and whether these effects are created rela- 
tive tc «entral or to peripherally acting 
causes. Го test the hypothesis that MH 
could be an autonomic nervous system re- 
sponse. ғ animals were given 5 mg of meth- 
yldepa tice daily. After З days, they were 
exposed to halothane anesthesia, using 
methods similar to those described. 


Ten mgs of group II were similarly tested 
with reserpine. In the 1st trial, using reser- 
pine oa}, 1 animal was given 0.22 mg/kg, 
adminissred for 2 days prior to challenge 
with hakthane anesthesia. Five other reser- 
pine-tre:ed pigs, weighing from 20.8 to 34 
kg, were ziven 0.5 mg/pig IM, 24 hours be- 
fore hazthane challenge, to determine a 
more specific effective dosage range. Ап 
additicrzd 9 pigs each received 0.0275 mg/kg 
IM dz for 2 treatments prior to halo- 
thane. “ne last reserpine experiment was 
divided :nto 3 components, consisting of 
group Æ, 3 pigs given 0.045 mg/kg for 2 
days prer to anesthesia; group B, 3 pigs 
given Бе same dose but for 3 days; and 
group С, 2 pigs receiving 0.045 mg/kg of 
reserpine IM for 4 days prior to anesthesia. 


Supperted in part by the Department of 
Medic:rz, University of Missouri College 
of Medz3ne and the Department of Veter- 
inary Medicine and Surgery, College of Vet- 
erinary Medicine. 


RSSULTS AND DISCUSSION 

Suseextibility Studies.—Even though it 
has beex reported that MH has hereditary 
linkage, and although the animals used in 
this stady were the offspring of known car- 
riers of #15 hereditary potential, it was es- 
sential & experimental design that each ani- 
mal be subjected to anesthetic challenge to 
determi» the extent of its MH susceptibil- 
ity Сан 1). 


Тһе zmesthesia record (fig 1) exemplifies 
a susceptible animal receiving an ultrashort 
barbitesste (thiamylal) induction with a 
preanes-hetic administration of atropine and 
maintzized оп N O and О» for 1.5 hours 
befere zdministration of halothane. It was 
maintzixed at a satisfactory plane of anes- 
thesia aad did not develop any symptoms 
of ME antil after the initiation of halothane 
anesthes.a. 


'Éhese animals maintained adequate blood 
pressure and cardiovascular responses and 
showed üttle evidence of cardiac dysrhyth- 
mias. Teir blood pH and blood-gas values 
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TABLE 1 


Responses of Swine to Halcthane Challenge for Determination of 
MH Susceptibilit 





Heart rate at onset of rigor Respiratory rate о} onset of rigor 
Group I, 34 pigs 
29 reactors to halothane* 227 + 40 beats/min 59 + 22 breaths/min 
5 reactors to halothane 151 + 16 beats/min 29 + 7 breaths/min 


(in later test, positive to 
succinylcholine challenge) 


Survival rate: 100% 
Reaction time: 2-16 min 
Group IT, 10 pigs 


10 reactors to halothane* 212 + 33 beats/min 29 + 6 breaths/min 
Survival rate: 100% 


Reaction time: 113 + 60 see 
Group ITI, 3 pigs 
3 reactors—halothane continued 
5 min after beginning of rigor 
Survival rate: 0% 


Time from start of response until 
death: average 27 min 


*Halothane started via mask at 4% concentration for 60 sec, then reducing to 2% and then to maintenance 
of surgical plane anesthesia. Anesthesia stopped for groups I and II when rigor started. 


PRE ANESTHETIC ADMuNisteREO__Atropine 0.8 mg. IM ANESTHETIC ADMINISTERED, Ма thiamylal 600mg. 


COMPLICATIONS OBSERVED, Previous exposure to halothane anesthesia resulted in rapid 


d 





evelopment of symptoms of malignant hyperthermia with elevated temperature, muscle 





rigor and elevated heart and respiratory retes., On 12/24 animal appears normal prior 


to anesthesia 
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1. 


0.8 mg. Atropine 2. 20 mg. Succinylcholine 3. Required over 40cmH 0 








* 
pressure to ventilate. Severe tachycardia and premature ventricular contractions 








DURATION OF ANESTHESIA, 2.5 hours POST-ANESTHESIA CONDITION Death 
PRINCIPAL ANESTHETIST Short, Paddleford, McGrats pate 12/24/73 CHARGE 


CHART COPY 
Fie 1. Anesthesia record for pig showing typical symptoms of malignant hyperthermia. 


A 
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were within normal limits, with the excep- 
tion of an elevated CO». This was compen- 
sated by added ventilation. After the initia- 
tion of halothane anesthesia, there was a 
drop in blood pressure, associated premature 
ventricular contractions, and these problems 
were exaggerated further after the adminis- 
tration of succinylcholine. 


At this time, heart rate increased drasti- 
cally, producing a severe tachycardia with 
inadequate blood pressure and difficulty in 
maintaining positive-pressure breathing, due 
to intracostal muscle rigidity. Even with 
halothane anesthesia in the presence cf suc- 
cinylcholine, there was extreme musele ri- 
gidity, and after 2.5 hours of anesthetic 
management, the animal succumbed to car- 
diopulmonary collapse. This example of the 
typical responses seen in the experimental 
pig susceptible to MH when subjected to 
anesthetic management demonstrates the 
similarities to human patient responses. 


Another pig (fig 2) demonstrated that the 
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use of Тлпоуаг as an inducing agent to be 
followed by N.,O-O, does not always pre- 
vent РЕН symptoms in susceptible animals. 
This & somewhat in contrast to the concept 
that, £x individuals susceptible to MH, nar- 
cotic sr neuroleptanalgesia administration 
may ke -onsidered safe. 


Use o; Pancuronium.— After it was deter- 
mined that susceptible animals might be 
expec:ec to react to the administration of 
suceirvicholine with a high degree of regu- 
larity. Же possibilities of the administration 
of pamewronium as a muscle relaxant that 
might aave some protective qualities were 
evaluzi&l In the animal (fig 3) to which 
1.6 mz 10.22 mg/kg) of pancuronium was 
admiris:ered on 2 occasions, followed by 20 
mg (1 mg/kg) of succinylcholine IV, no 
MH symptoms developed, in contrast to 
cases wnere succinylcholine was adminis- 
tered without pancuronium. 'This was later 
to be «f significance, since it indicated the 
potencial use of pancuronium as a muscle 


PRE ANESTHETIC ADMINISTERED Atropine 0.5 mg. — ANESTHESIE ADMINISTERED Innovar 7.5 cc IM — 08 


COMPLICATIONS OBSERVED. 


On 2/18/74, animal was normal or paysical examination. 


Earlier 





of malignant hyperthermia 
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DURATION OF ANESTHESIA, 2.5 hours POST ANES HESE ce NOITION Death 

PRINCIPAL ANESTHETIST Short DATE 2/18/74 CHARGE 
CHART COPY 


Fig 2. Anesthesia record for pig developing malignant hzperthermia with Innovar and N,0. 
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PRE ANESTHETIC ADMINISTERED. Pentobarbital 300 mg. ^  aAwrsTHETIC ADMINISTERED. МО - O Halothane 


COMPLICATIONS OBSERVED.  Ánímal had developed symptoms of malignant hyperthermia to earlier 


challenge with halothane. Heart rate had increased to 240 with severe muscle rigor. 


On 1/2/74 weight is 42 lbs. Heart Rate 180 Respiratory Rete 60 
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l. Cardiac arrest - Responded to external massage 2. 0.8 





. Atropine 





364. 1.6 mg. Pancuronium I.V. 5. 20 


‚ Succinylcholine 





DURATION OF ANESTHESIA, — 2 hours 


PRINCIPAL ANESTHETIST Short, Paddleford, McGrath DATE 


FOST-ANESTHESIA CONDITION Terminated at 12:31 


1/2/74 CHARGE 


CHART COPY 


Fic 3. Anesthesia record illustrating lack of development of malignant hyperthermia to succinylcholine 


following pancuronium. 


relaxant in animals susceptible to MH. 
Heart rates remained stable and adequate 
in all animals (table 2) and cardiac dys- 
rhythmias did not appear. Respiration was 
maintained with a bird? mechanical ventila- 
tor and a 30 cm H,O pressure/breath and 
maintaining the animals at 16 to 29 breaths/ 
min. 


Blood pressure in pancuronium-treated 
animals remained stable, although somewhat 
elevated, in pigs given the smaller dose. Re- 
laxation followed in each individual pig 
within 1 minute after injection, lasting 6.5 
minutes after the low dose and 14 minutes 
after the higher dose. Body temperature 
did not significantly change from pretreat- 
ment values. 


Injectable Anesthetics (table 3) —Induc- 
tion time was 3 minutes for both ketamine 
and tiletamine-zolazepam, and duration of 


anesthesia was 10.5 minutes for ketamine 
and 14 minutes for tiletamine-zolazepam. 
Heart rates remained stable for ketamine; 
with tiletamine-zolazepam, there was a drop 
in heart rate but it stabilized at an adequate 
level after 5 minutes. Respiratory rates were 
elevated with ketamine but remained at nor- 
mal levels with the drug combination. It 
was not possible to accurately record blood 
pressures in the ketamine-treated pigs be- 
cause of slight muscle tremors, but stable 
blood-pressure levels were observed in all 
animals anesthetized with the combination. 
Body temperatures remained stable with the 
ketamine-anesthetized pigs in spite of mus- 
cle tremors, and body temperature dropped 
during the maintenance of anesthesia with 
tiletamine-zolazepam. 


Failure to develop MH symptoms with 
ketamine in spite of the degree of muscle 
activity during the anesthetic period is of 
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TABLE 2 


Responses of MH-Susceptible Swine to Pancuronium 





Time, min о 5 10 15 





Hea-t-rate, beats/min 


A* 191 + 24 19 + 27 157 + 28 — 
Bt 202 + 25 189 + 24 182 +16 175 + 28 
A 29 + 10 Respiratory rate, breaths/min 

B 16+0 Rate and volurse controlled by mechanical 


ventilation 30 «r+ Н.О pressure 
Bleodpressure, torr 


А 140 + 36 
84 + 49 
186 + 13 185 + 10 161 +18 ~ 
129 + 26 124 + 12 112 + 25 
Time froarmjection to paralysis 
A 1 min 
B 1 min 
Time froa paralysis to recovery 
A 6.5 + 3 min 
B 14+ 3 min 
Pretreatment temperature, °F Post-treatment temperature, °F 
A 102.5 + 0.5 202.4 + 0.6 
B 102.2 + 0.8 $02.2 + 0.6 
A 0.11 mg/kg pancuronium IV 
B 0.22 mg/kg pancuronium IV 


No other medication used concurrently 
———————— a ncn REN 
*Six pigs in group А. 


tFour pigs in group B. 








TABLE 3 
Responses of MH-Susceptible Swine to Ketarriae and a Related Anesthetic 
Time, min 0 5 10 15 
Heart rate, beztz/min 

A* 149 + 22 138 + 18 133 +17 — 

Bt 176 + 49 141 + 20 127 +18 127 + 21 
Eespiratory rate, breaths/min 

A 93 + 22 93 +19 91 + 26 — 

B 46 + 25 55 6+ 6 67 +7 67 +10 


Blood pressure. icrr 


А. Unable to record due to tremo:s 

B 144 + 35 150 + 31 152 + 36 185 + 8 
83 + 25 32 27 81 + 26 68 + 26 

Induction times: Surgical anesthesia duration 

A . 8 min 10.5 + 1.9 min 

B 3 min 14.0 + 3.0 min 
Preanesthetic temperature, °F Postanesthetic temperature, °F 

A 102.5 + 0.6 102.5 + 0.6 

B 102.4 + 0.5 101.4 + 0.5 


A Ketamine HCl—11 mg/kg IM 


B Tiletamine-zolazepam—6.6 mg/kg IM 
pS SRR dere ash T E EET TERRENT NES SP RR Ey 
*Four pigs in group A. 


+Five pigs in group B. 
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interest, since it was postulated that one of 
the reasons for the development of MH after 
succinylcholine administration is the sever- 
ity of muscle rigidity and fasciculations 
shortly after administration. However, the 
degree of muscular activity after ketamine 
was mild compared with fasciculations after 
succinylcholine administration; perhaps 
herein lies the difference in effect. 


Methyldopa and Reserpine Tests.—An 
initial trial of methyldopa in 5 animals 
known to be susceptible to MH showed a 
marked degree of protection against the de- 
velopment of MH symptoms from halothane 
exposure. However, although methyldopa 
blocks the synthesis of the mediator of ad- 
renergic transmission, thus providing protec- 
tion against development of MH, severe hy- 
potension was an undesirable side effect. 


PRE ANESTHETIC ADMINISTERED. Reserpine »/10 1b8. ANESTHETIC ADMINISTERED 
on an 


COMPLICATIONS OBSERVED, 


On 9/26/74 when exposed to halothane anesthesia 
200 beats/minute and muscle rigor in 1.5 minutes. 
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As a result, the next step of the study in- 
volved chemical transmission and storage 
of a mediator; for this, the drug selected 
was reserpine (fig 4). In the animal whose 
chart is shown, body temperature dropped 
below control values during anesthesia. The 
animal was hypotensive, and even though 
it showed no MH symptoms and made an 
uneventful recovery after 45 minutes of an- 
esthesia, the outcome was progressive car- 
diovascular collapse ending in death 3 days 
after the trial. Because of this undesirable 
result, a subsequent trial used 5 pigs, vary- 
ing in weight from 20.8 to 34 kg, and given 
a single dose of 0.5 mg/pig IM 24 hours 
before halothane challenge. In these pigs, 
protection increased from 1.9 + 1 minute to 
6.4 + 4 minutes after the administration of 
the reserpine (table 4). Protection was dose 


Halothane 


ig showed elevated heart rate to 


10/30/74, preanesthetic temperat e 





97.8?F Н.в, 70/min. 


Resp. R. 28/min. 


ВУР. 44/1 e 
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I. 2. 3. 4. 5. 6. 














1. 97.6°F 2. 96.8°F 3. 96.2°F 4. 95.8°F 5. 95.6°F 6. 95.3°F 





No muscle rigor, по EKG changes (arrhythmias) _ 
POST-ANESTHESIA CONDITION. complete reccvery from anesth. 


DATE 





l hr. 
Dr. C. E. 


DUSATION OF ANESTHESIA, 


Р ЧСА ANESTHETIST Short 





10/30/74,  hypotensive 


CHART COPY 


Fic 4. Anesthesia record of pig protected against malignant hyperthermia by reserpine. 
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TABLE 4 
Reserpine Tolerance and Efficacy Trial Fesults* in 5 Animals 





Time: 


Beginning of halothane administration 


5 minutes iater 








201 + 11 
Respiratory rate 
31-24 
Blood pressure 


Time of reaction 
6.4 2- 4 min 


Heart rate 
20 + 23 
Respiratory rate 
31+ 3 


Time of reaction of same animals without reserpine 


1.9 + 1 min 


Survival 
100% 


*Dosage: 0.5 mg total dose/pig IM 24 hours before halothane chisenge. 


Weights ranged from 20.8 to 34 kg. 


TABLE 5 


Reserpine Tolerance and Effizazy Trial* 
————— Á—— ——— A 








Beginning of 
Time: halothane 10 min 20 40 45 
173 + 21 160 + 27 124 + 30 136 + 27 — 123 + 22 — 
Respiratory site, beats/min 
30 + 10 24 + 9 24 — 14 34/30 cm Н.О pressure via mechanical 
ventilation 
Blood pressurz, zorr (means) 
.96 77 72 66 12 62 81 
24 20 20 20 25 25 40 


101.5 + 1.3 101.2+1.2 


Reactions 
2 reacted to halothane within 2 min. 


1 reacted to halothane within 15 min. 


101.4 + 1.1 


Body temaerature, °F 
101.4 21. — -— 


6 were protected throughout halothane challenge ә 30-min duration. 
4 were protected to succinyleholine challenge. 
1 was not protected to suecinylcholine and died w=; MH. 


*Dosage: 0.0275 mg/kg IM daily for 2 treatments prior to halothane in 9 animals. 
1.1 mg/kg succinylcholine administered IV in & animals, Five of these were given 


succinyleholine. 


nmi € ——QÓ MM MÀ  — HM M ái it 


related in linear fashion. All animals sur- 
vived. 


With reserpine (0.0275 mg/kg) given IM 
for 2 daily treatments before halothane an- 
esthesia (table 5), 2/9 pigs reacted to halo- 
thane administration within 2 minutes and 
a third reacted with muscle rigor after 15 
minutes. Halothane challenge in 3 pigs was 
discontinued immediately upon the develop- 
ment of muscle rigidity, and all survived. 
Six pigs were protected throughout the halo- 


thane cksllenge of 30-minute duration. Five 
of the 5 protected to halothane challenge 
were sc3sequently challenged with succinyl- 
choline at 1.1 mg/kg. Four of the five did 
not show the typical symptoms of MH. 
Body &rmperatures were maintained at ac- 
ceptab ievels throughout the procedure in 
the 4 zcetected animals, and cardiopulmo- 
nary r=sponses were within normal limits 
with tbe exception of blood pressure, which 
droppe at times to levels unacceptable for 
safe aesthetic management. 
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TABLE 6 
Reserpine Tolerance and Efficacy Trial in 8 Animals* 
Time, min 0 5 10 15 20 
Heart rate 
А. 195 + 13 173 + 12 
B 125 + 13 127 + 6 128 + 13 127 + 21 135 + 23 
C 125 +7 18+ 4 120 +1 118 +4 11243 
Respiratory rate 
A 22 + 2.8 
B 15 +8 17+ 6 23 + 10 25 + 5 18 +8 
C 28 +11 12 (placed on ventilator) 
Blood pressure, torr 
А 107 + 3 
27 + 12 
В 107 + 3 79 + 22 68 + 29 58 + 28 65 + 17 
25 +9 28 6. |. 80 21 22 
C 92 + 14 75 3- 10 69 60 54 
30 +14 22 — 20 20 20 
Temperatures, ^F 
А 102.6 + 0.6 
B 102.0 +9 102.0 + 1.2 102.1 += 1.9 102.3 + 2 102.2 + 1.6 
C 102.2 102.2 101.8 102.9 108 
Time of rigor 
A 3 min 
B  18-6min 
C Did not oceur within 30 min 


Halothane discontinued— 8664; survival 


Halothane discontinued—100% survival 


Results 


100% survival to MH, 50% to cardiovascular collapse 


*Dosage: A. 0.045 mg/kg per day for 2 days. 
B. 0.045 mg/kg per day for 3 days. 
C. 0.045 mg/kg per day for 4 days. 


А 


Since complete protection was not ob- 
tained at the 0.0275 mg/kg drug level, reser- 
pine was given to 4 pigs at 0.045 mg/kg for 
2 days, in a 2nd trial for 3 days, and in a 
3rd trial for 4 days (table 6). Heart rates 
were elevated in group А and there was no 
marked degree of hypotension. These ani- 
mals, however, reacted to halothane chal- 
lenge with the development of rigor within 
3 minutes. Pigs in group B had a slower 
heart rate and normal respiratory rate. 
Blood pressure was depressed, with a notice- 
able degree of hypotension. Rigor did not 
develop from the halothane challenge until 
18 minutes after the onset of anesthesia. АП 
these animals survived after the discontinu- 
ance of anesthesia with the exception of 1 
animal whose temperature continued to rise, 
with other symptoms of MH. It died 2 
hours later with a temperature of 111.9? F. 


In group C, normal heart and respiratory 
rates were found, with a marked degree of 


hypotension; body temperatures were nor- 
mal; none of the animals in this trial re- 
acted to over 30 minutes of halothane anes- 
thesia; and all survived to the challenge for 
development of MH. However, half of the 
animals died later with cardiovascular col- 
lapse from the reserpine. 


CONCLUSIONS 
Our method of challenge for the deter- 
mination of MH-susceptible animals stud- 
ied relative to the MH syndrome is effective 
and reproducible. 


Six animals given succinylcholine devel- 
oped MH, while animals given only pan- 
curonium did not develop MH at either of 
2 dosage levels, nor did the animals receiv- 
ing succinylcholine after they were relaxed 
with pancuronium. Thus pancuronium may 
be a safer muscle relaxant than succinylcho- 
line for use in MH-susceptible animals. 
Since animals treated with methyldopa did 
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not develop MH, as they had under control 
conditions, there is evidence that blocking 
of the transmission of adrenergic mediators, 
for example norepinephrine, lends itself to 
provide protection of susceptible animals to 
agents known to produce MH. 


Reserpine studies indicate that this drug 
can be as effective as methyldopa in protect- 
ing susceptible animals and is more con- 
trollable, as methyldopa dosage levels which 
will afford protection against MH develop- 
ment also cause severe hypotension. 
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Deliberate hypotension was produced during 
general anesthesia by the infusion of sodium 
nitroprusside in 13 patients undergoing total 
hip replacement. Hemodynamic data from these 
patients were compared with those obtained 
from 5 patients under normotensive anesthesia 
for the same procedure. During the hypoten- 
sive period, which averaged 1.5 hours, the car- 


ECHNICS to recover or reduce blood loss 

during surgical procedures in current 
use include deliberate hypotension during 
anesthesia, hemodilution, and several varia- 
tions of autologous blood transfusion. Delib- 
erate hypotension during anesthesia to re- 
duce intraoperative blood loss was frst 
used over 25 years ago.! Although intro- 
duced during an era when the risk of homol- 
ogous blood transfusion was prodigious, this 
concept was controversial. As transfusion 
became safer during the 1950s, the popu- 
larity of hypotensive anesthesia waned. The 
risks of transfusion could no longer be 
equated with those of deliberate hypoten- 
sion; nevertheless, in a 1969 report? more 
than 5 percent of all patients receiving bleod 
transfusions showed unfavorable reaction. 


* Associate Professor, Department of Anesthesioiogy. 
1 Professor, Department of Anesthesiology. 
Professor, Department of Orthopedics. 

3 Assistant Professor, Department of Anesthesiology. 
i/Chief Resident, Department of Orthopedics. 


diac index rose 20 percent compared with con- 
trols. No acidotic tendency was seen. Blood 
loss in the study group averaged 475 ml, com- 
pared with 1475 ml in controls. From these 
data, a dose-response curve was derived which 
may allow the accurate prediction of the min- 
ute dosage of sodium nitroprusside required 
to safely induce hypotension during anesthesia. 


Today, induced hypotension is enjoying 
a revival, not only as a means to reduce the 
risks of and need for transfusion but also 
as a means of conserving a scarce national 
resource. Of the technics used to produce 
deliberate hypotension during anesthesia, 
none have proven ideal! Of these, sodium 
nitroprusside, a potent but evanescent anti- 
hypertensive drug, has been used in some 
centers since 1962.3 Scant data are avail- 
able, but nitroprusside, in contrast to other 
technics, reportedly enhances cardio-circu- 
latory dynamics,*? producing arteriolar vas- 
odilation independent of the autonomic ner- 
vous system. It was first used by Johnson? 
in 1929 for the treatment of hypertensive 
crisis and only recently became available 
commercially in the United States. 


**University of Arkansas School of Medicine, Little Rock, Arkansas 72201. 
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Several reports indicate that the inherent 
properties of nitroprusside are useful in a 
variety of unrelated clinical situations. Spe- 
cifically, cardiologists? report improved car- 
diac output and tissue perfusion with the 
infusion of nitroprusside in patients with 
failing hearts and cardiogenic shock—a situ- 
ation analogous to the myocardial depres- 
sion produced by general anesthesia. This 
paper reports the results of a study in which 
cardiac output and other physiologic param- 
eters were measured in 13 selected patients 
during halothane-N.O-O, anesthesia and so- 
dium nitroprusside-induced hypotension for 
total hip replacement. 


METHODS 

Thirteen patients of the Jehovah's Wit- 
ness faith, ranging in age from 9 to 78 years, 
made up the study population. Patients with 
cerebrovascular disease, clinical or electro- 
cardiographic evidence of ischemic heart 
disease, renal hypertension, serious periph- 
eral vascular disease, or severe obstructive 
lung disease were excluded from the study. 
Extreme age was not considered a contra- 
indication. Various hemodynamic measure- 
ments from this group were compared with 
data obtained from 5 patients, also under- 
going total hip replacement, using the same 
but normotensive anesthesia. 


Premedication consisted of morphine, di- 
azepam, and scopolamine, except in patients 
over age 60, in whom the morphine was 
omitted. Anesthesia was induced in both 
groups with 2 percent thiamylal IV and 
maintained with halothane-N.O-O, (50:50). 
Stable surgical anesthesia was maintained 
in all cases with an inspired halothane con- 
centration of between 0.5 to 0.75 percent. 
< Suceinylcholine was used to facilitate endo- 
..tracheal intubation. Five percent dextrose 
^in lactated Ringer's solution was adminis- 
=: tered to both study groups at a rate of 12 
to 15 ml/kg body weight the Ist hour and 
6 to 10 ml/kg/hr thereafter. Homologous 
blood was not given to the control patients 
unless more than 500 ml of blood loss was 
anticipated. Positive-pressure ventilation 
was not used as a deliberate aid in produc- 
ing hypotension; however, ventilation was 
assisted as needed to produce a Paco, be- 
tween 37 and 41 torr. Nondepolarizing mus- 
cle relaxants were purposely omitted to 
avoid additional hemodynamic effects. In 
“both study and control groups, the opera- 
tion was performed with the patient supine, 
with slight hip elevation. 


Arterial hypotension was induced in the 
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study group by the continuous infusion of 
a 0.01 percent solution (100 g/ml) of so- 
dium nitroprusside in 5 percent dextrose in 
water just before the skin incision. The drug 
was delivered by a constant-infusion pump, * 
allowing accurate control of the dosage. The 
initial dose was 100 „g/min; this was ad- 
justed later in order to produce the desired 
degree of hypotension, which was deter- 
mined by bleeding from the operative site 
rather than by an arbitrary level of blood 
pressure. Infusion of nitroprusside was dis- 
continued, and blood pressure allowed to 
return to normal before wound closure so 
that hemostasis could be assessed. 


Arterial blood pressure, pulse rate, ECG, 
central venous pressure (CVP), urine out- 
put, and tympanic temperature were moni- 
{огей continuously. The arterial blood pres- 
sure was monitored electronically through a 
cannula inserted percutaneously into the 
radial artery before the induction of anes- 
thesia. A.CVP cannula was inserted also at 
this time through a convenient vein. Its 
position was ascertained clinically by ad- 
vancing the catheter within the thorax until 
oscillation in manometric pressure was 
noted with the respiratory cycle and heart 
beat. Proper positioning was confirmed 
postoperatively by x-ray. Àn indwelling uri- 
nary catheter was inserted after induction 
of anesthesia into all patients of both study 
groups. The ECG (lead П) was monitored 
by oscilloscope. 


Cardiac output and arterial blood gases 
were measured 6 times during the periopera- 
tive period. In both study and control pa- 
tients, measurements were made before in- 
duction of anesthesia and after 30 minutes 
of stable normotensive anesthesia. In the 
hypotensive study group, cardiac output was 
measured again 20 minutes after achieving 
stable hypotension and 3 minutes after 
acrylic cement was inserted into the femoral 
shaft. In the normotensive group, the meas- 
urements were made at corresponding times. 


Finally, cardiac output was determined in 
both groups in the normotensive stage dur- 
ing wound closure and in the recovery room. 
Indocyanine green was injected rapidly into 
the CVP cannula and blood was withdrawn 
at a constant rate from the radial artery 
through a densitometer connected to a Lex- 
ington Instruments Model COC-SD cardiac 
output computer system. Dye curves and 





*Harvard Apparatus Company, Millis, Massachu- 
setts. 
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the computer analog output were recorded 
simultaneously on the previously calibrated 
dual-channel Linear Instruments chart re- 
corder. Duplicate cardiac output was meas- 
ured at each study interval and the. data 
accepted when sequential determinations 
differed by less than 0.3 L/min. Total pe- 
ripheral resistance (TPR), cardiac index 
(CD, and stroke volume (SV) were calcu- 
lated from the above data.* 


Blood loss was estimated by the amount 
in suction bottles and by weighing sponges. 
Irrigation fluid was collected by a separate 
suction system. 


RESULTS 

Hemodynamics.—The anesthetic manage- 
ment and hemodynamics of both study and 
control patients were essentially the same 
up to the point when hypotension was in- 
duced in the study group. The mean com- 
bined preinduction CI for both groups was 
above normal (4.25 L/min/m) with a wide 
spread of values ranging from a normal of 
3.0 L/min/m to a high of 5.5 L/min/m. 
This elevation and spread of values was 
expected and thought to reflect various de- 
grees of preoperative anxiety. 


The statistical mean of the mean prein- 
duction arterial blood pressure was 112 + 5 
torr. Following induction and after 30 min- 
utes of stable, normotensive anesthesia, the 
mean CI of both groups fell to 2.32 L/min/m, 
representing а much narrower range of 
values. The decrease in CI was statistically 
significant (p<0.01, paired t-test). During 
this transition from awake to asleep, there 
was a moderate reduction in heart rate and 
the blood pressure returned to a normal 
mean value of 98 torr in both groups. No 
significant CVP change was noted. 


Hypotension was induced in the 13 study 
patients with nitroprusside and the dosage 
adjusted to obtain a blood pressure com- 
patible with a dry surgical field. The statis- 
tical MAP achieving this condition was 
64 + 4 torr,t a 43 percent decrease from а 
mean preinduction blood pressure of 112 





*Calculations were made on a Hewlett-Packard 
programmed computer Model 9810 A Cardiac-pul- 
monary PAC from the formula: 

79.9 X mean blood pressure 





TERT cardiac output 
СІ = cardiac output 
7 “body surface area 
sv = _ cardiac output x 1000 





~~ heart rate 
+Mean value refers to ће statistical MAP mean. 
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torr. The CI, measured after 20 minutes of 
stable hypotension, rose 20 percent from 
normotensive levels to a nearly normal CI 
of 2.95 L/min/m (fig 1). This parameter 
remained stable throughout the hypotensive 
period. However, the CI returned to the 
lower prehypotensive level when the nitro- 
prusside infusion was discontinued. The dif- 
ference in mean increase in CI during hypo- 
tension was statistically significant com- 
pared with that of normotensive controls, 
which remained depressed throughout the 
procedure (p<0.01, paired t-test) (fig 2). 


Compensatory alterations in heart rate 
and CVP during induced hypotension were 
unpredictable. The heart rate either re- 
mained the same or rose slightly upon ini- 
tiation of hypotension. Similarly, there was 
either no change or a slight fall in CVP. In 
those instances (3 patients) where heart 
rate rose and CVP fell, infusion of addition- 
al fluid restored these values toward normal 
without affecting the level of hypotension. 


The mean calculated SV during normo- 
tensive anesthesia was 59 + 7 ml for both 
study and control patients, increasing to a 
mean of 71 + 5 ml during nitroprusside in- 
fusion, whereas no significant change was 
noted in the control patients. This 17 per- 
cent rise in SV during nitroprusside hypo- 
tension paralleled but did not match the 
rise in CI. These data were influenced by 
the 3 patients who developed an increase 
in heart rate and a fall in CVP at the ini- 
tiation of deliberate hypotension. However, 
SV increased in these patients when the 
CVP and heart rate returned to normal with 
the infusion of fluid. The increase was noted 
when the 2nd set of cardiac output deter- 
minations were made following the inser- 
tion of the acrylic cement into the femoral 
shaft. 


The mean preinduction TPR for both 
groups was 1373 dynes/sec/cmr?. Mean 
TPR rose during normotensive anesthesia in 
both groups to 1691 dynes/sec/cmr? (fig 1 
and 2) (p« 0.01, paired t-test). The rise in 
TPR accompanied the fall in cardiac index. 
Likewise, the rise in cardiac index and 
stroke volume with nitroprusside hypoten- 
sion, paralleled the fall in the TPR to a 
mean of 743 dynes/sec/em^? (p<0.01, 
paired t-test) (fig 1). The TPR, cardiac 
index, and stroke volume returned to pre- 
hypotensive levels upon ending nitroprus- 
side infusion. Thus, the rise in cardiac in- 
dex encountered during nitroprusside-in- 
duced hypotension was accounted for solely 


Sodium Nitroprusside-Induced Hypotension . . . Lawson, et al 


PRE- INDUCTION 
PRE-MYPOTENIION 


CARDIAC. INDEX (Liters / min /M*) 


GENERAL ANESTHESIA 


HYPOTENSION 
6- SEPORE CEMENT — AFTER CEMENT 





NORMAL CARDIAC INDEX S (L / MIN / M) 


657 





T X TERNI dcn кыды 





" 
Е 
Ps 
н 
125 - 
і н: 
à 











MEAN ARTERIAL BLOOD PRESSURE 


Ес 1. Cardiac index rose toward normal in all patients during nitroprusside administration under 
anesthesia (p«0.01). The mean TPR was markedly reduced during nitroprusside hypotension. The MAP 
achieving a dry surgical field was 64 mmHg. Isobars represent range of measured values. 


һу а marked decrease in the TPR. In con- 
‘trast, there was little change in the cardiac 
index, stroke volume, or TPR (fig 2) in 
normotensive control patients. No signifi- 
cant change was noted in CI, TPR, or blood 
pressure in either group upon insertion of 
the acrylic cement into the femoral shaft. 


Blood Gases and Tissue Perfusion—A 
marked increase in A-aDo, was noted dur- 
ing hypotension in 8 patients but the Pao, 
was never less than 100 torr when an Fio. 
of 0.5 was maintained. However, arterial 
:oxygenation returned to prehypotensive lev- 
els within minutes after resumption of nor- 
-motension. Acid-base balance remained 
normal throughout the hypotensive period 
and no acidosis was noted. The urine output 
in both study groups remained normal. En- 
hanced tissue perfusion was further evident 


during hypotension in that the patients' 
Skin became flushed and warmer to touch 
under the influence of nitroprusside. As a 
result, temperature loss was significant and 
troublesome during hypotension in the lami- 
nar airflow operating room. Hypotensive pa- 
tients lost an average of 2.1? C temperature 
as compared with 0.5? C for controls (p« 
0.01, paired t-test). 


Blood Loss.—The actual operating time 
averaged 105 + 15 minutes for both groups. 
The duration of hypotension averaged 90 + 
15 minutes. The average blood loss in the 
13 study patients was 475 (+ 100) ml com- 
pared to 1475 (+ 200) ml for controls (fig 
5). The average preoperative hemoglobin 
in the hypotensive patients was 13.5 (range 
10.8 to 15.8) gm/100 ml. The lowest post- 
operative hemoglobin in this group, usually 
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Fig 2. Cardiac index remained depressed in patients during normotensive halothane anesthesia. The 
mean TPR did not change significantly. The MAP was 98 torr. Isobars represent range of values measured. 
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Fic 3, Surgical blood loss was significantly re- 
duced with hypotensive anesthesia. Within. the 
hypotensive group, patients without previous hip 
surgery (group A) lost less blood than those who 
had had previous hip surgery (group B). 


found on the 3rd postoperative day, was 
10.2 gm/100 ml. 


Further, the amount of blood loss noted 
in the hypotensive study was divided into 
2 distinct groups. Patients who had previ- 
ous hip surgery lost significantly more blood 
than those without previous hip surgery. 
Nine patients who had no previous hip 
surgery lost an average of 460 ml of blood-— 
31 percent of the expected blood loss. Four 
patients with previous hip surgery lost an 
average of 600 ml during hypotensive opera- 
tion—45 percent of the expected loss. An 
extended surgical procedure was not a fac- 
tor. The 5 control patients received a total 
of 14 units of homologous blood. Although 
homologous blood could not be given to the 
study patients, none was physiologically 
required. 


Dosage of Nitroprusside.—The onset of 
action of nitroprusside began within 60 to 
90 seconds after starting the infusion. The 
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Fic 4. No correlation appears between patient weight and nitroprusside minute dosage needed for 
comparable levels of hypotension. 


duration of action was equally evanescent, However, no consistent correlation could be 
necessitating a controllable means of con- found between dosage of nitroprusside and 
stant rate infusion to maintain stable hypo- patient weight (fig 4), larger patients some- 
tensive levels, blood pressure varying direct- times requiring the least drug. There was a 
ly with the amount of nitroprusside infused. noticeable inverse relationship between age 
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highly significant dose-response curve to maintain 
comparable levels of hypotension. 


and the amount of the drug required but the 
correlation was not statistically significant 
(fig 5). 'There was, however, a highly sig- 
nificant correlation between the age/weight 
ratio of a given patient and the dose of nitro- 
prusside required to maintain comparable 
levels of constant hypotension in another 
patient. Age/weight ratio (yr/kg) plotted 
against the required minute dosage of nitro- 
prusside produced a highly significant (p« 
0.001, r = —0.822) curve (fig 6). No nitro- 
prusside tachyphylaxis was noted through- 
out the series. Once the desired level of 
blood pressure was attained and the minute 
dosage adjusted, only minor changes in the 
rate of infusion were required to maintain 
constant levels of hypotension. No adverse 
effects occurred as a result of sodium nitro- 
prusside-induced hypotension. 


DISCUSSION 

To date, all methods of producing delib- 
erate hypotension during anesthesia have 
caused a reduction in cardiac output in pro- 
portion to the degree of hypotension.! These 
methods include the popular combination 
and sequence of deep halothane anesthesia, 
positioning, positive-pressure ventilation, 
and ganglion blockers. Prys-Roberts and 
associates! presented convincing evidence 
that hypotension produced by halothane, 
whether deliberate or unintentional, is due 
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to a dose-dependent impairment of myocar- 
dial contractility and not the result of vaso- 
dilatation, as popularly believed. Although 
vasodilatation may occur in selective vas- 
cular beds, the overall peripheral vascular 
resistance remains unchanged. 


Admittedly, calculated values for TPR 
may not be meaningful when both pressure 
and cardiac output change in the same direc- 
tion. However, our results confirmed those 
of Prys-Roberts. The calculated TPR re- 
mained essentially unchanged, if not slight- 
ly increased, throughout normotensive halo- 
thane anesthesia as compared with awake 
control measurements (fig 2). Simultane- 
ously, the decreased cardiac output seen 
with halothane anesthesia is caused not only 
by a decrease in myocardial contractility 
but also is aggravated by a relative increase 
in workload, vascular resistance remaining 
unchanged.!! 


During nitroprusside-induced hypoten- 
sion, the cardiac output increased toward 
normal from the depressed levels measured 
during normotensive anesthesia. The im- 
provement in cardiac output and tissue per- 
fusion was reflected entirely in decreased 
TPR. The reduction in myocardial after- 
load allowed the halothane-depressed myo- 
cardium to function at a more efficient level. 
Additionally, cardiac output returned to the 
lower prehypotensive levels following the 
end of nitroprusside infusion and return to 
normal vascular resistance (fig 1). Changes 
in heart rate and CVP were unrelated to 
changes in cardiac output. When such 
changes occurred, they were related more 
to the patient's state of hydration, a rise in 
heart rate or fall in CVP at the start of 
induced hypotension responding to fluid 
infusion without affecting the level of hypo- 
tension or cardiac output. 


These conclusions are at variance with 
those of Wildsmith's group,? who also re- 
ported a 20 percent increase in cardiac out- 
put during nitroprusside hypotension but 
attributed the rise to a reflex and consistent 
increase in heart rate. The CVP fell sig- 
nificantly and the SV remained unchanged 
in their study. Rushmer!? has demonstrated 
that tachycardia alone is not an efficient 
mechanism for increasing cardiac output un- 
less such other mechanisms as increasing 
circulatory volume act to maintain or in- 
crease stroke volume. 


Our fluid regimen followed that recom- 
mended by Jenkins and Giesecke!? for hip 
operations. Therefore our patients received 
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substantial volume loading during the hour 
preceding deliberate hypotension. The Brit- 
ish study, conducted on patients for middle- 
ear surgery, did not describe intraoperative 
fluid management. Perhaps differences in 
intraoperative fluid management account for 
the apparent discrepancy between this re- 
port and that of Wildsmith. 


Like others,*? our study indicates that 
use of sodium nitroprusside produces a hy- 
potensive state clinically superior to other 
technics. The patient's skin became flushed 
and warm; urine output was not compro- 
mised; and no arterial or venous acidosis 
was noted during the hypotensive period. 
Nitroprusside hypotension significantly re- 
duced surgical blood loss by reducing arte- 
rial blood pressure without apparent jeopar- 
dy to tissue blood flow. It acts directly on 
the arterioles, producing vasodilation and a 
hypotensive state unlike that produced by 
ganglion blockade. 


Ganglion blockers have a highly specific 
action on synaptic transmission in autonom- 
ic ganglia which produces a number of trou- 
blesome side effects during induced hypo- 
tension. These effects include tachycardia, 
histamine release, cycloplegia, myoneural 
blockade, and tachyphylaxis,! although 
ganglion blockers differ in degree and type 
of side effects. Nitroprusside, in contrast, 
has no action on the heart or sympathetic 
ganglia. 


'The safety of nitroprusside-induced hypo- 
tension has been ascribed not only to im- 
provement in tissue perfusion during hypo- 
tension but also to its evanescent action.®7 
The speed of onset and the duration of ac- 
tion of nitroprusside is between 60 and 120 
seconds, necessitating a continuous infusion 
to maintain steady hypotension. The degree 
to which nitroprusside lowers blood pressure 
is dose dependent, and pressure levels can 
be changed within seconds by altering the 
infusion rate, yet just such variability has 
constituted one of the main difficulties in 
its administration, dosage during anesthesia 
having usually been adjusted empirically 
according to response. The recommended 
dosage producing the desired pressure levels, 
around 70 to 75 torr systolic, has ranged 
from 0.5 to 30 g/kg/min." 


As shown above, when both age and 
weight were considered, a highly significant 
dose-response curve relating the dose of 
nitroprusside to blood pressure decrease re- 
sulted (fig 6). Studies are in progress to 
further verify the relationship between age 
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and weight to the predicted minute dosage 
of nitroprusside. Present findings suggest 
that perhaps age is the more important con- 
sideration. 


Taylor? and Davies!! have noted that 
young patients require larger doses of nitro- 
prusside than adults to produce the same 
degree of hypotension. Our tentative dose- 
response curve confirms that observation. 
The age/weight ratio of a normally develop- 
ing child from age 2 until maturity remains 
constant at around 0.3 to 0.5. A ratio of 0.35 
(fig 6) on the curve would indicate that the 
needed dose of nitroprusside under halo- 
thane anesthesia would be in the range of 
250 to 300 „g/min throughout childhood 
and adolescence. 


Side Effects. —Doubts have been expressed 
about the safety of nitroprusside because its 
immediate metabolic products are cyanide 
and thiocyanate. Vesey's group!? reported a 
significant rise in plasma cyanide following 
infusion of nitroprusside for hypotensive 
anesthesia. They concluded, however, that 
those levels encountered did not produce 
toxic effects. Certainly, nitroprusside has 
been safely used for extended periods in 
treating hypertensive crises, without a dan- 
gerous buildup of toxic products.!^ Recent- 
ly, several anesthetic deaths!'?7? were re- 
ported in which nitroprusside was impli- 
cated, but most of these occurred under ex- 
traordinary circumstances in which the evi- 
dence against nitroprusside may be spurious. 


Only Davies and coworkers!’ clearly doc- 
umented a death due to nitroprusside over- 
dose. Johnson? stated the therapeutic index 
of nitroprusside to be around 10:1, but 
McDowell and colleagues,?? working with 
primates, suggested that the toxic: therapeu- 
tic dose ratio might be closer to 6:1. Too, 
the accumulation of toxic byproducts is re- 
lated not only to total dosage but also to the 
time over which it is administered. Seifen* 
reported the successful use of nitroprusside 
for prolonged hypotensive anesthesia for the 
excision of a massive cerebral arteriovenous 
fistula. Mean blood pressure was kept at 
65 torr for over 8 hours using 57,000 ug (119 
ng/min) without clinical evidence of toxic- 
ity. The patient in the fatality reported by 
Davies, on the other hand, received 120 ,g/ 
kg/min (4800 ,g/min) over 80 minutes. 
This patient, whose age/weight ratio was 


*Seifen A: Prolonged deliberate hypotension with 
sodium nitroprusside: a case report. Presented at 
the 69th Annual Meeting of the Southern Medical 
Association, Miami Beach, Florida, November 16, 
1975. 
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0.35, received 20 times the dose of nitro- 
prusside our data would have predicted. 


The goal of hypotensive anesthesia is the 
safe reduction of intraoperative blood loss, 
thus reducing transfusion risks. Previous 
hypotensive technics had a narrow margin 
of safety in that cardiac output was usually 
reduced in proportion to the degree of in- 
duced hypotension. This is in contrast to 
the results of our study, in which sodium 
nitroprusside was used as the sole hypoten- 
sive agent. Nitroprusside, a potent direct 
vasodilator, reduces the afterload on the 
anesthesia-depressed heart. The improve- 
ment in cardiac output plus better tissue 
perfusion appears to widen the margin of 
safety over that of earlier technics. We 
found not only that sodium nitroprusside 
dosage is predictable but also that this agent 
is effective and safe in reducing blood loss 
in selected patients undergoing total hip 
replacement in the supine position. 
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Train-of-Four Fade and Edrophonium Antagonism of 
Neuromuscular Block by Succinylcholine in Man 


CHINGMUH LEE, MD* 


Thumb twitch in response to train-of-four 
stimulation (2 Hz for 2 sec) of the ulnar nerve 
was measured in 36 patients anesthetized with 
halothane and N;O and paralyzed with suc- 
cinylcholine chloride (SCC). Train-of-four fade 
was detected whenever a block was produced. 
The train-of-four ratio decreased with contin- 
ued exposure to SCC. Edrophonium effect was 
predictable by the train-of-four ratio in a 
semiquantitative manner, a high ratio predict- 
ing block enhancement and a low ratio, antag- 
onism. 


ENSITIVITY of neuromuscular transmission 
to nondepolarizing block is closely de- 
pendent on the rate of nerve stimulation. 
After establishment of a partial block, a 
train of indirectly-elicited twitches fade ini- 
tially, reaching a new lower steady level at 
the 4th to 6th twitch.'*? The limit of fading 
corresponding to the frequency of stimula- 
tion is therefore well approximated by the 
train-of-four ratio, the ratio of 4th:1st twitch 
in each train. Train-of-four fade appears to 
be a consistent and sensitive quantitative 
sign of nondepolarizing block.!? 


Originally, train-of-four twitches at 2 Hz 
were observed to fade significantly under 
nondepolarizing block but not under depo- 
larizing block.!'? Subsequently, fading was 
seen also after prolonged exposure to suc- 
cinylcholine chloride (SCC).* Demonstra- 
tion of phase II neuromuscular block, how- 
ever, does not necessarily predict the antag- 
onistic effect of anticholinesterases on the 


When calculated at 30 to 50 percent recovery 
(from complete block), a train-of-four ratio of 
0.4 or less reliably predicts antagonism. The 
magnitude of antagonism is also predictable in 
a semiquantitative manner, although complete 
antagonism cannot be ascertained. The lower 
the ratio, the more effective the antagonism 
becomes. Train-of-four fade, therefore, appears 
to be a consistent and sensitive quantitative 
sign of phase II neuromuscular block by SCC 
in man. 


block. This report concerns the predict- 
ability, by the train-of-four ratio, of the 
effect of edrophonium, an anticholinesterase, 
on SCC-induced neuromuscular block. 


METHODS 


Thirty-six adult patients, 19 to 77 years 
old (ASA I or II) undergoing general sur- 
gical, gynecologic, and orthopedic opera- 
tions, were studied. All had normal blood 
chemistries and were not receiving antibi- 
otics, anticholinesterases, or other drugs 
known to affect neuromuscular transmission. 
Premedication consisted of 100 mg of pen- 
tobarbital, 75 mg of meperidine, and 0.6 mg 
of atropine IM at 1/4 to 1 hour before induc- 
tion. Anesthesia was induced with 100 to 
500 mg of thiopental IV (in increments) 
and maintained with halothane (0.3 to 1%, 
inspired) and N,O-O, (60:40). All patients 
were intubated. Ventilation was controlled 
with a ventilator delivering tidal volumes of 
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12 ml/kg at the rate of 10 breaths/min. 
Body temperature was 36 to 37.5? C eso- 
phageally. 


The procedure was that of stimulating the 
ulnar nerve and recording the thumb twitch.* 
Trains of 4 supramaximal square pulses of 
0.1 ms duration (0.5 sec apart) were repeat- 
ed every 12 seconds. The stimuli were de- 
rived from a Grass S88 stimulator, passed 
through a Grass SIUS stimulus isolation 
unit and delivered close to the ulnar nerve 
via a pair of stainless needles placed sub- 
cutaneously at the wrist. Thumb twitch was 
recorded on a Grass Model 7 polygraph via 
a Grass FT.03 or FT 10C force-displacement 
transducer. The thumb was uniformly ab- 
ducted. When an FT.03 was employed, 
tetanic force was not measured. 


The initial dose of SCC, given IV, varied 
from 2 mg (as a test observation) to 90 mg 
as a bolus. Paralysis was maintained by IV 
drip of a 0.2 percent SCC solution, inter- 
rupted from time to time to assess the spon- 
taneous recovery, the train-of-four ratio, 
and, occasionally, the effect of 10 or 15 mg 
of edrophonium IV. 


Atropine (0.6 to 1 mg) routinely preceded 
edrophonium test. Train-of-four ratio was 
calculated at approximately 30 to 50 per- 
cent recovery from complete block and cor- 
related with the effect of edrophonium. 
Since spontaneous recovery rate ranged 
from near nil to double the twitch tension 
within 30 seconds, the edrophonium effect 
was evaluated 30 to 40 seconds after injec- 
tion. Invariably, the peak effect of edro- 
phonium was obtained within this period. 


RESULTS 


The train-of-four ratio varied with the 
degree of block, the time course of each 
dose, and the total dose as well as the total 
duration of SCC exposure. The effect of 
edrophonium varied accordingly. 


A high train-of-four ratio predicted block 
enhancement, while a low train-of-four ratio 
predicted antagonism (fig 1). If the 4th 
twitch was similar to the first in strength, 
block was enhanced; if much weaker than 
the first, block was antagonized. If the train- 
of-four ratio before the test was 0.3 to 0.4 or 
less, block was not enhanced but consis- 
tently antagonized. 


Marked antagonism, equivocal effect, and 
block enhancement by edrophonium, was 
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TRAIN - OF - FOUR RATIO 


Fic 1. Relations between effect of edrophonium 
and the train-of-four fade in humans partially 
recovering from SCC neuromuscular block. Each 
dot represents 1 of the 35 observations made on 23 
patients after SCC administration. Ordinate: —2, 
enhancement of block; —1, decrease in rate of 
recovery, without enhancement of block; 0, no 
apparent effect; +1, slight antagonism, or antagon- 
ism observable only in 4th and 3rd twitches of the 
train-of-four; --2, moderate antagonism, more than 
tripling 1st twitch of train-of-four in 30 to 40 
seconds (converting Ist twitch from 20% to 70% 
of control); +3, marked antagonism, with com- 
plete reversal of 1st twitch of train-of-four. Note 
that no deepening of block occurred when train-cf- 
four ratio was less than 0.4. 


seen with various train-of-four ratios (fig 
2). Such antagonizing effects were observed 
both in the train-of-four ratio, selectively 
improving the 4th twitch, and in the per- 
centage of block, improving all twitches (fig 
2, C). A slight antagonism might improve 
only the 4th and 8rd twitches of the train. 


In some patients in whom both tetanic 
fade and post-tetanic twitch facilitation 
were clearly demonstrated, the block was 
not antagonized in the presence of a train- 
of-four ratio of 0.5, as illustrated in figure 3. 


The total amount of SCC administered at 
the time of edrophonium tests averaged 
6.06 + 2.8 mg/kg, 3.18 + 1.45 mg/kg, and 
1.22 + 0.72 mg/kg in the antagonized (16 
observations), the unaffected (8 observa- 
tions), and the enhanced (11 observations) 
occasions, respectively. These data do not 
represent the minimal dose requirement for 
each category. 


DISCUSSION 

Previously recognized clinical signs of 
phase II SCC block include lack of fascicu- 
lation, fade of tetanic contraction, and post- 
tetanic twitch facilitation. These signs do 
not emerge simultaneously;*-1° they suggest 
changes in the nature of the block but, with 
probable exception of a marked post-tetanic 
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Fic 2. Three cases illustrating relationships among train-of-four fade, effects of edrophonium on block, 
and total quantity of SCC administered. Total SCC given was (A) 1.5 mg/kg, (B) 3 mg/kg; (С) 5 
mg/kg. The train-of-four ratio (4th:lst twitch ratio in each train) measures train-of-four fade. In A and 
B, edrophonium (E, 10 mg IV) enhanced the block (A), or slowed down recovery (B) despite marked 
tetanic fade (Т 50) and post-tetanic twitch facilitation. Train-of-four ratios before tetanic stimulations 
were 0.5 and 0.8, respectively. In (C), marked antagonism by edrophonium is seen in the presence of 


marked train-of-four fade. In A, "f" indicates fasciculations. 
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Fic 3. Block enhancement by edrophonium (E, 10 mg IV) despite faded tetanus (T 50) and marked 
post-tetanic twitch facilitation. Chart speed was varied before T 50 to permit clear tracing. Patient given 
an SCC total of 50 mg (0.6 mg/kg). The train-of-four ratio was 0.5 or more. 


facilitation,’ do not reliably predict antag- 
onism by anticholinesterases. Difficulties 
have resulted from attempts to antagonize 
the block.11-15 


Theoretically, an anticholinesterase can 
antagonize a curariform nondepolarizing 
block, produce neuromuscular block of its 
own, and prolong and/or enhance an SCC- 
induced depolarizing block.1417 Antagonism 
results when the overall antagonizing effect 
outweighs the enhancing effect, as often 
seen in phase II. 


Our study demonstrated that train-of-four 
fade reliably predicts, in a semiquantitative 
manner, the overall effect of edrophonium 
on SCC-induced neuromuscular block. A 
slight train-of-four fade predicts block en- 
hancement, a marked train-of-four fade, an- 
tagonism. The effect is unpredictable when 
the train-of-four ratio approximates 0.5. Until 
supported by further investigations, how- 
ever, use of anticholinesterases cannot be 
routinely advocated for treatment of pro- 
longed neuromuscular block after adminis- 
tration of large doses of SCC in clinical 
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practice, since the magnitude of antagonism 
may vary and may not be clinically satisfac- 
tory. Similar observation on prolonged neu- 
romuscular block after SCC administration 
to patients with atypical plasma cholines- 
terase has been described.!5 Effects of other 
anticholinesterases have not been reported. 


Whether train-of-four fade is manifesta- 
tion of an underlying change in mechanism 
of neuromuscular block is not known. It is 
possible that each of the clinical signs of 
block (including train-of-four fade and te- 
tanic fade), endplate polarization, and the 
sensitivity of the endplate to the transmit- 
ter may each change from the Ist to the 
2nd phase with a different time course and 
dose relationship. 


The existence of definite train-of-four 
fade following the 1st effective SCC dose 
was not seen by Ali's group,! ? who reported 
no train-of-four fade in the absence of halo- 
thane. A slight fade, however, may be sug- 
gestive of the beginning of a 2nd mechanism 
of block, ultimately characterized by marked 
train-of-four fade. My recent report! that 
train-of-four ratio permits clinical delinea- 
tion of phases I and II, and the present ob- 
servation that train-of-four ratio predicts 
edrophonium antagonism of SCC, support 
the speculation that train-of-four ratio re- 
flects the moment-to-moment relative pro- 
portions of 2 mechanisms of SCC block 
operating simultaneously. The edropho- 
nium-antagonizable block, characterized by 
marked train-of-four fade, becomes more 
observable as exposure continues. 


During continuous SCC administration, 
train-of-four fade as a monitor of neuromus- 
cular block has several potential advantages. 
It permits delineation of phases I and П.“ 
Provided that 10 seconds are allowed be- 
tween applications, the stimulation itself 
leaves no residual effect on the block or the 
fade and permits immediate reevaluation for 
dynamic studies. The ability to follow both 
the block and the fade simultaneously with- 
out artificially changing either (as does a 
tetanic stimulation) is a definite advantage 
in dealing with a short-acting neuromuscu- 
lar blocker because the magnitude of fade, 
besides other factors, is dependent on the 
degree of block!? (fig 2) which changes rap- 
idly. Compared with tetanic stimulation, it 
is less painful and less likely to deplete the 
transmitter, thus introducing yet another 
factor in fade. 


It is possibly more reliable than tetanic 
fade and post-tetanic facilitation in predic- 
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tion of antagonism by edrophonium, although 
in the present study reliability of train-of- 
four and tetanus in prediction of edropho- 
nium effect cannot be compared statistically 
because tetanic stimulation was purposely 
avoided in most cases. 
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LEFT VENTRICULAR FUNCTION. Simultaneous comparisons of left atrial, pul- 
monary capillary wedge, pulmonary artery end-diastolic and central venous pressure 
were obtained in patients undergoing cardiac operations. Left atrial pressure was 
identical to pulmonary capillary wedge pressure and pulmonary artery end-diastolic 
pressure in 24 percent and 18.5 percent of the measurements, respectively. It was 
within + 4 torr of the pulmonary capillary wedge pressure and end-diastolic pressure 
in 94.6 percent and 89 percent respectively. Technical problems with the Swan-Ganz 
‘catheter occurred in over 25 percent of patients. The authors conclude that wedge 
pressure is a more reliable indirect measurement of left atrial pressure than is the 
pulmonary artery end-diastolic pressure. There was no consistent correlation between 
central venous pressure and either indirect or direct indicators of left ventricular 
function. (Humphrey CB, Ошту JH, Virgilio RW et al: An analysis of direct and 
indirect measurements of left atrial filling pressure. J Thor Cardiovas Surg 71:643- 


647, 1976) 
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Neutrophil Chemotaxis During and After 
General Anesthesia and Operation 


THEODORE H. STANLEY, MD* 
GARY E. HILL, МОТ 
MARY R. PORTAS, MTASCPI 
NANCY A. HOGAN, BAS 
HARRY R. HILL, MD| 


Salt Lake City, Utah** 


The neutrophil granulocytes of 43 patients 
undergoing general anesthesia and operation 
were examined to determine if altered function 
occurs during these procedures. Neutrophil 
chemotaxis, random migration, and total and 
differential leukocyte counts were determined 
immediately before anesthesia; after 35 to 60 
minutes of anesthesia but before operation; 60 
minutes after initiation of operation; and 60 
minutes after operation. Anesthetic agents in- 
cluded 1 to 3.5% enflurane, 0.5 to 2% halo- 
thane, or 0.5 to 1.1 mg/kg of morphine plus 
М„О-О»„ (60:40). 


Neutrophil and total white blood cell counts 
were uninfluenced by any of the anesthetics; 
however, marked rises in both occurred during 
operation and persisted postoperatively after 


Е polymorphonuclear responses to 
bacterial invasion in the body are criti- 
cal in determining the outcome of an infec- 
tion. It has been shown! that prompt infil- 
tration of phagocytic cells into an area of 
bacterial invasion is essential if multiplica- 
tion of the organisms is to be prevented. 
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each of the anesthetic technics. Neutrophil 
chemotaxis was reduced an average of 36, 32, 
and 21%, respectively, by halothane, enflurane, 
and morphine before operation and 20, 10, and 
595 intraoperatively. Preoperative reductions 
in chemotaxis were statistically significant af- 
ter all anesthetics. However, only halothane 
produced a significant intraoperative reduction 
in chemotaxis. Postoperative neutrophil chem- 
otaxis did not differ from control (preanesthe- 
sia) values after any of the anesthetics. Halo- 
thane and enflurane reduced leukocytic random 
migration before but not after operation. Mor- 
phine had no effect on random migration at 
any time. These data demonstrate that anes- 
thesia impairs neutrophil function in man but 
that operation appears to reverse this depres- 
sion. 


Unidirectional movement of leukocytes 
toward a chemotactic stimulus, neutrophil 
chemotaxis, is one of the mechanisms by 
which phagocytic cells are attracted to an 
area of bacterial invasion.*? The influence 
of anesthesia and operation on leukocyte 
motility has not been adequately studied. 
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This investigation was undertaken to deter- 
mine the effects of general anesthesia and 
operation on neutrophil chemotaxis in man. 


METHODS 


After giving informed consent, 43 adult 
patients about to undergo elective orthope- 
dic, gynecologic, plastic, or neurosurgical 
operations served as experimental subjects. 
Patients who had infection, extensive tu- 
mors, required a blood transfusion, or sus- 
tained significant hypotension during or im- 
mediately after the operation were excluded 
from the study. 


Premedication, at 1.5 hours before opera- 
tion, included a barbiturate (1 mg/kg) or 
diazepam (1 mg/10 kg), morphine (1 mg/ 
10 kg), and atropine (0.05 mg/10 kg). 
Blood (9.5 ml) from a peripheral vein was 
obtained before anesthesia and added to 
0.5 ml of a solution of beef lung heparin 
(1000 u/mD. Following this, an infusion 
of lactated Ringer's solution was started in 
an arm vein and standard blood pressure 
and precordial pulse rate monitoring initi- 
ated. Anesthesia was induced with a sleep 
dose of sodium thiopental (200 to 300 mg) 
IV and maintained with enflurane (1 to 
3.5%), halothane (0.5 to 2%) or morphine 
(0.5 to 1.1 mg/kg), plus N,O-O, (60:40). 
All patients were intubated after 15 to 19 
minutes of anesthesia. 


Twenty patients were given succinylcho- 
line (1.5 mg/kg) for intubation; the remain- 
der required no muscle relaxant. Some pa- 
tients needed pancuronium (2 to 7 mg) for 
muscle relaxation intraoperatively, but this 
was not administered until a 2nd blood spec- 
imen was obtained and the operation had 
begun. Muscle relaxation was reversed post- 
operatively with atropine (1 to 1.5 mg) and 
neostigmine (3 to 6 mg), and patients were 
extubated and returned to the recovery 
room. 


Additional blood specimens for neutrophil 
chemotaxis examination were obtained after 
35 to 60 minutes of anesthesia (after a 
minimum of 20 minutes following intuba- 
tion) and before operation; following 60 
minutes of operation; and 60 minutes after 
operation. All blood specimens were also 
examined for leukocyte random migration 
and total and differential white blood cell 
(WBC) counts. 


Leukocyte-Function Tests. 


Chemotaxis.—Hill and coworkers’ in-vitro 
method?:+ was used for studying chemotaxis. 
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Leukocyte-rich plasma was obtained by al- 
lowing the erythrocytes in the 10-ml hepa- 
rinized blood specimens to settle over a 
l-hour period. After determination of the 
number of polymorphonuclear leukocytes 
(PMNs) in the leukocyte-rich plasma, 0.1 
ml of the suspension was diluted to 0.4 ml 
with tissue-culture medium 199, and the 
cells were deposited оп 1 side of a 5-, milli- 
pore filter using a Shandon cytocentrifuge.” 
The filters were immediately placed in a 
modified Boyden chamber? and a chemotac- 
tic stimulus was added to the attractant 
side. After incubation for 3 hours at 37° C, 
the migrant PMNs within the reticule of 10 
random fields were counted (using a 10x 
ocular, 45x objective, and 5x 5-mm photo 
reticule). A chemotactic index was calcu- 
lated by dividing the number of migrant 
PMNs by the total number of PMNs (x105) 
delivered to the starting side of the filter. 
This method of calculating the chemotactic 
index takes into account only the number of 
PMNS delivered to the filter and the num- 
ber moving completely through the filter. 
It, therefore, measures intrinsic neutrophil 
chemotactic activity. The percentage or 
total number of mononuclear cells in the 
suspension does not affect the leukotactic 
index, and there is no association between 
the number of PMNs delivered to the filter 
and the leukotactic index. Chemotactic as- 
says were made in triplicate. 


Chemotactic Factors.—A bacterial chem- 
otactic factor was prepared from a culture 
filtrate of Escherichia coli grown in medium 
199 for 24 hours at 37°C. After passage 
through a 0.2-, millipore filter, this factor 
was frozen at —70? C іп 1-ml ampules. For 
each experiment, an ampule was thawed 
and diluted in medium 199, so that each ml 
of the solution contained 50 „l of the factor. 
A volume of 2 ml of this solution was added 
to the bottom or attractant side of the 
chemotactic chamber for each analysis. The 
same lot of filtrate was used throughout the 
study. 


Random Motion.—Random motion of leu- 
kocytes was measured by determining the 
chemotactic index when no chemotactic 
stimulus was added to the attractant side of 
the modified Boyden chamber. 


RESULTS 
The 3 groups of patients were comparable 





*Shandon Scientific Company, Sewickley, Pennsyl- 
vania. 


+Neuroprobe Corporation, Bethesda, Maryland. 
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with respect to age and weight and had oper- 
ations of similar type and duration (table 
1). Preanesthesia PMN chemotaxis, random 
migration and counts, and total WBC counts 
were also similar in the 3 groups (tables 2, 
3). Neutrophil and total WBC counts were 
uninfluenced by any of the anesthetic 
agents; however, marked rises in both oc- 
curred during operation and persisted post- 
operatively after each of the anesthetic 
technics. 


Neutrophil chemotaxis was reduced an 
average of 36, 32, and 21%, respectively, 
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by halothane, enflurane, and morphine pre- 
operatively and 20, 10, and 6% intraopera- 
tively (table 3). Preoperative reductions in 
chemotaxis were statistically significant af- 
ter all anesthetic agents (table 3). However, 
only halothane produced a significant in- 
traoperative reduction in chemotaxis. Post- 
operative neutrophil chemotaxis was not 
significantly different from control values 
with any of the anesthetics. 


Halothane and enflurane reduced preop- 
erative but not intraoperative or postopera- 
tive random PMN migration (table 3). 





TABLE 1 
Preoperative and Intraoperative Data 
(Mean + SD) 
————MM———MáÀ— 
Halothane Enflurane Morphine 
Number of patients 18 15 10 
Age, years 43.6 + 11.2 43.0 + 12.7 40.3 + 9.4 
Weight, kg 64.5 + 13.2 66.8 + 10.7 64.2 + 11.1 
Duration of anesthetic prior to 
operation, min 42 + 6 41+ 6 44 +7 
Duration of operation, min 183 + 29 174 + 21 198 + 22 
TABLE 2 
Effects of Anesthesia on Total and Polymorphonuclear WBC Counts 
(Mean + SD) 


лт 


Anesthesia and 


Anesthetic Preanesthetic 





Anesthesia operation Postoperative 

Total WBC count Halothane 8.4 + 1.9 9.9 + 2.7 16.1* + 2.9 21.2T + 3.6 
x 10° per mm’ Enflurane 8.6 + 1.4 8.4 + 2.6 13.6* + 2.1 19.77 + 3.0 

Morphine 7.7+1.6 8.9 + 2.1 12.5} + 2.3 13.0* + 2.0 
Polymorphonuclear cell Halothane 4.0+0.7 5.8 + 1.4 10.5* + 1.5 14.87 + 2.3 
count x 10° per mm’ Enflurane 3.8 + 0.8 3.9 + 0.8 81*-1.3 13.0419 

Morphine 41+ 0.5 5.6 + 0.9 8.75 + 1.4 9.8} + 1.7 
*p« 0.025. 
7р<0:01, Student's paired t-test. 
tp<0.05. 

TABLE 3 


Effects of Anesthesia on Leukocyte Chemotaxis and Random Migration 
Means Chemotactic Index + SD 
M M M —————— MÀ a eres 


Anesthesia and 





Cell function Anesthetic Preanesthetic Anesthesia operation Postoperative 
Chemotaxis Halothane 76 + 16 49* + 10 617 + 15 70 +19 
Enflurane 71 + 18 52* +9 69 + 13 75 + 24 

Morphine 84 + 15 66ї + 12 79 + 14 90 + 23 

Random migration Halothane 10.8 + 2.7 6.47 + 2.0 91+ 2.5 9.5 + 8.4 
Enflurane 10.5 + 2.3 6.77 + 1.6 8.7 + 2.4 10.9 + 3.2 

Morphine 11.4 + 2.4 10.1 + 2.0 13.2 + 3.0 13.2 + 2.7 


*p<0.025, Student’s paired f-test. 
1р<0.05, 
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Morphine did not change random PMN 
migration at any time. 


DISCUSSION 

The neutrophil response to bacterial in- 
vasion consists of an increased release of 
PMNs from bone-marrow reserves into the 
blood, margination of PMNs to the walls 
of blood vessels, diapedesis through blood 
vessel walls into infected tissues, movement 
of PMNs to the invading organisms, and 
phagocytosis.? Investigations of the influ- 
ence of anesthesia on the total neutrophil 
granulocyte response to infection have been 
primarily concerned with phagocytosis.*^ 
These studies have demonstrated that gen- 
eral anesthesia has little effect on phago- 
cytosis in vitro^?.* but can depress leuko- 
cytic bacterial engulfment in vivo.® 


Before phagocytosis can take place, PMNs 
are attracted by and migrate toward the in- 
fecting stimulus. This process of leukocyte 
chemotaxis is markedly stimulated during 
active bacterial infections but can be de- 
pressed by certain disease processes (dia- 
betes mellitus, rheumatoid arthritis, and 
allergic diseases) 9-15 and by the administra- 
tion of a number of pharmacologic agents 
(histamine, epinephrine, isoproterenol, and 
the prostaglandins) .!? 


Because of the nonavailability of a good 
in-vivo model and the tediousness of in-vitro 
methods, the influence of anesthesia on leu- 
kocyte migration has not been intensively 
studied. Development of a technic employ- 
ing a cytocentrifuge to sediment leukocytes 
directly on millipore filters appears to have 
eliminated some of the problems of previous 
in-vitro methods of measuring neutrophil 
chemotaxis.* 


'The present study demonstrates that clin- 
ical concentrations of halothane and enflu- 
rane plus N.O, and anesthetic doses of mor- 
phine and N,O impair neutrophil granulo- 
cyte chemotaxis in man, and that random 
motion is also depressed by these anesthetic 
agents. Interestingly, operation and the 
early postoperative period are associated 
with marked rises in PMNs and total WBC 
counts and a reversal of granulocyte func- 
tion. 


Why anesthesia with the above agents 
depresses PMN function, and operation re- 
verses this depression, is not clear. However, 
the mechanism may be related to changes 
produced by these agents in intracellular 
concentrations of cyclic 3’,5’-adenosine mon- 
ophosphate (cAMP), cyclic 3’,5’-guanosine 
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monophosphate (cGMP), or both these nu- 
cleotides. Our recent work! has shown that 
intracellular cAMP and cGMP provide op- 
posing regulatory influences on leukocyte 
chemotactic activity, and has demonstrated 
that incubation of PMNs with cAMP, or 
with agents that promote increased intra- 
cellular cAMP, inhibits leukocyte chemo- 
taxis. In contrast, cGMP and compounds 
which promote increased intracellular cGMP 
concentration markedly enhance the leuko- 
tactic response. 


The influence of anesthesia and of anes- 
thesia and operation on intracellular cAMP 
and cGMP has not been extensively studied. 
However, Sprague's group!? has shown that 
clinical concentrations of halothane and iso- 
flurane (an isomer of enflurane) result in 
marked increases in intracellular cAMP in 
rat aortic-wall tissue. Similar changes in 
leukocyte cAMP would help explain the 
effects of anesthesia on leukocyte chemo- 
taxis in this study. The effects of operation 
and early postoperative recovery on intra- 
cellular nucleotide concentrations are un- 
known. Such variables as type and depth 
of anesthesia, degree of trauma, and area 
and duration of operation markedly influ- 
ence metabolic and endocrine responses in- 
traoperatively and postoperatively and make 
study of intracellular nucleotide concentra- 
tions and leukotactic mechanisms extremely 
difficult. 


Surgical stress, particularly postoperative 
stress, is associated with marked elevations 
in circulating catecholamines.!? The alpha- 
adrenergic catecholamines markedly en- 
hance PMN hemotaxis.!5 In contrast, beta- 
adrenergic stimulators produce a marked 
depression of the neutrophil response to the 
bacterial chemotactic factor.!* Perhaps oper- 
ation and the early postoperative recovery 
period in our patients were associated with 
a preponderance of alpha- rather than of 
beta-adrenergic stimulation. 


The effects of anesthesia and of specific 
anesthetic agents on the incidence and mag- 
nitude of postoperative infections is un- 
known. Our findings, and those of others,? 
suggest that the anesthetic state should en- 
hance the development of infections. Further 
studies are being conducted to determine 
the effect of various anesthetic and pharma- 
cologic agents on neutrophil granulocyte 
chemotaxis. Such studies may lead to tech- 
nics for pharmacologic modification of PMN 
function during anesthesia and surgical pro- 
cedures. 
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Guest Discussion 


DAVID L. BRUCE, MD 


Department of Anesthesia 
Northwestern University 
Chicago, Illinois 


Dr. Stanley and coworkers have tackled 
the question of anesthetic influence on chem- 
otaxis and have come up with data that are 
most interesting. A possible role of anes- 
thesia in promoting infections was postu- 
lated as long ago as 1903,! and this question 
is still prompted by studies up to and in- 
cluding the one under discussion. Since re- 
sistance to infection, the original definition 
of immunity, involves a number of events 
on both cellular and humoral levels, infor- 
mation about anesthetic effect on chemo- 
taxis is important. Migration of neutrophils 
to a site of bacterial invasion is the body’s 
first line of defense. 


The results of this present study indicate 
a suppression of neutrophil chemotaxis by 
general anesthetics, an effect antagonized to 
an extent by operation. If the anesthetic 
effect had just involved the cellular events 
secondary to stimulation by a chemotactic 
factor, random migration would have been 
spared. However, if the data are arranged 
in terms of percent change from baseline 
values (table), we see that the volatile 
agents depressed chemotaxis and random 
migration of these cells to the same extent. 


Previous studies by one of this paper’s 
coauthors, Dr. H. R. Hill, failed to demon- 
strate a cyclic-GMP effect on random leuko- 
cyte motility at concentrations that mark- 
edly enhanced the neutrophil chemotactic 
response.” It thus seems likely that the 
volatile anesthetics produced fundamental 
changes in the intracellular contractile pro- 
teins that cause cellular locomotion and that 
the present authors’ hypothesis of cyclic 
nucleotide modulation of these changes is 
only speculative. Lymphocytic contents of 
cyclic-AMP have been measured and found 
not to be altered by halothane,? but that 
does not prove that Dr. Stanley's hypothesis 
is incorrect. It does require its substantia- 
tion by measurements of cyclic nucleotides 
in these stimulated neutrophils. 
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TABLE 


Anesthetic Effects on Chemotaxis and 
Random Migration 





Anes- 
thesia 


Preanes- Anes- and Post- 
thetic, thesia, epera- operative, 
[A % tion, % % 
Halothane 
^oc Chemotaxis 100 64 80 92 
Random 
migration 100 59 84 87 
Enflurane 
Chemotaxis 100 67 89 97 
Random 
migration 100 63 82 103 
Morphine 
Chemotaxis 100 78 94 107 
Random 
migration 100 88 115 115 





It is fascinating to see, in these data, yet 
another example of depression of a physio- 
logic function by anesthesia and subsequent 
surgical stimulation of the same function. 
Again, the balance between anesthesia and 
operation is involved. Implicit in such a 
balance is the necessity for operation, and 
one wonders what hazard is associated with 
general anesthesia administered for rela- 
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tively painless diagnostic or very minor sur- 
gical procedures. Most patients have suffi- 
cient functional reserves of heart, lungs, kid- 
neys, liver, and hematopoietic tissues that 
modest reductions from anesthesia are un- 
important. Gross surveys of infection rates 
among surgical patients would likely show 
nothing. Studies like that reported today 
carry the implication that the patient with 
marginal reserves, such as one with granu- 
locytopenia, will be further compromised by 
general anesthesia. 


We do not "put patients to sleep;" we 
give potentially fatal, toxic drugs that facili- 
tate operation but compromise virtually 
every physiologic function that has been 
studied. General anesthesia carries with it 
this real, apparently irreducible risk, and 
this requires that it be treated as controlled 
toxicity rather than a harmless period of 
sleep. 
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DRUG INTERACTION. Methyldopa and haloperidol are both thought to prevent 
dopamine from reaching its central neurotransmitter effector site. As such, patients 
may become vulnerable to unwanted mental effects of methyldopa when it is combined 
with haloperidol. The authors describe two hypertensive patients treated with methyl. 
dopa who developed impaired mental and motor function when haloperidol was added 
to the regimen. Symptoms cleared within 48-72 hours after discontinuing haloperidol. 
(Thornton WE: Dementia induced by methyldopa with haloperidol. N Engl J Med 


284:1222, 1976) 


674 


ANESTHESIA AND ANALGESIA . 


.- Current Researches VoL. 55, No. 5, Sepr.-Oct., 1976 


Hypertension and Decreased Renal Blood Flow Following 
Methylene Blue Injection 


ALEXANDER A. BIRCH, MD* 
WILLIAM H. BOYCE, Мрт 


Winston-Salem, North Carolinat 


Kenal blood flow (RBF) and arterial blood 
pressure (BP) were monitored in 12 patients 
undergoing nephrolithotomy їп the lateral 
flexed position. All patients were preoxygen- 
ated and were anesthetized with sodium thio- 
pental, N.O, О», and fentanyl. Maintenance re- 
laxation was obtained with pancuronium brom- 
ide. Arterial pressure was monitored by per- 
cutaneous arterial catheter. 

Following exposure of the kidney and renal 
pedicle, an electromagnetic flow probe was at- 
tached to the renal artery and baseline flows 


A^ OUR institution, nephrolithotomies are 
frequently performed for removal of 
Staghorn renal calculi. To facilitate entry 
into the kidney, a relatively avascular renal 
plane is located by the following procedure: 
The posterior segmental renal artery is lo- 
cated and clamped. Methylene blue (20 ml, 
1% solution) is then given IV, the plane 
between the now blue kidney and the red 
distribution of the postsegmental artery is 
determined, and the kidney incision made 
along the intersection of the 2 colors. 


While continuously monitoring arterial 
blood pressure (BP) and renal blood flow 
(RBF) for another project, we observed 
marked transient rises in BP and decreases 
in RBF after methylene blue injection. 
These observations prompted the following 
investigation. 


METHODS AND MATERIALS 
After informed consent, BP and RBF 
changes were studied in 12 adult male and 


*Associate Professor, Department of Anesthesia. 


+Professor, Department of Urology. 


recorded. Following baseline measurements, 20 
ml of 1 percent methylene blue was given in- 
travenously. All patients studied showed an 
immediate rise in BP, and 11/12 showed a 
simultaneous decrease in RBF. The average 
fall in RBF was 35 percent at one minute. Both 
parameters returned to normal values on the 
average in 177 seconds. The decreased RBF 
appeared to be part of a generalized vasocon- 
striction caused either by sympathetic reflexes 
or by the direct action of methylene blue. 


female patients, aged 19 to 65 years. Pre- 
medication consisted of 10 mg of diazepam 
and 0.4 mg of atropine IM, 1 hour before 
induction of anesthesia. After preoxygena- 
tion (100% O»), anesthesia was induced 
with sodium thiopental (3 to 4 mg/kg), 
N50, О», and fentanyl. Pancuronium or suc- 
cinylcholine was used to facilitate intuba- 
tion. Maintenance anesthesia was with №0, 
О»„, and fentanyl, and maintenance relaxa- 
tion was with pancuronium. 


A 20-gauge Teflon catheter was placed in 
either the right or left radial artery and 
attached to an arterial pressure transducer. 
All patients were intubated and turned to 
the flexed lateral position. Ventilation was 
controlled throughout the operation. 


Blood loss during exposure of the kidney 
did not exceed 200 ml and was replaced with 
5 percent dextrose in lactated Ringer's solu- 
tion. Once the renal artery was exposed, a 
properly calibrated electromagnetic flow 


iNorth Carolina Baptist Hospital, Bowman Gray School of Medicine, Wake Forest University, Winston- 
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probe* was placed around the artery and 
flow recorded. Signals from the flow probe 
and the transducer} were displayed on a 
Model-7 Grass Polygrapht. After clamping 
the posterior segmental artery, baseline 
measurements were made; then 20 ml of 1 
percent methylene blue was given over a 
15-ѕесопа period, the entire response period 
being recorded. 


RESULTS 

Thirty seconds after injection, the mean 
arterial pressure (MAP) of all patients had 
increased (p<0.001, sign test). At 1 min- 
ute, MAP was still significantly higher than 
baseline (p<0,001), as was the 2-minute 
value in 11/12 patients (p«0.003). At the 
3-minute mark, MAP had returned to near 
baseline in all patients. 


Following methylene blue injection, RBF 
fell in 11/12 patients at both the 30-second 
and l-minute intervals (p« 0.01). At one 
minute, the average RBF fell 35 percent. 
The RBF in 9/10 patients (p<0.011) was 
less than baseline at 2 minutes (fig 1), all 
patients tending to return toward baseline 
at 3 minutes. 


Changes in renal vascular resistance at 
30 seconds and 1 minute were also statisti- 
cally significant (p« 0.001, fig 2). 


Five patients developed arrhythmias 
(either PACs or occasional PVCs) during 
the peak of the hypertensive response; these 
arrhythmias disappeared as the BP returned 
toward control values. 'Transient hyperten- 





*Carolina Medical Electronics, King, North Caro- 
lina. 

7Statham Instruments, Inc, Oxnard, California. 

Grass Instruments, Quincy, Massachusetts. 
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Fic 2. Changes in renal vascular resistance in 12 
patients (= 1 SEM) following methylene blue in- 
jection. 


sion occurred in every patient studied and 
increases in BP were severe, with an average 
duration of 177 seconds (range 90 to 250). 
The range of peak values was from 185/105 
to 260/155, one man showing a rise of 90 
torr, from 170/110 to 260/155. 


DISCUSSION 


Goodman and Gilman! mention a “mod- 
erate rise in blood pressure after methylene 
blue injection in animals,’ but we have 
found no prior report of this effect in man. 


In our study, MAP rose an average of 35. vs 
percent above baseline at 30 seconds ала  . 
29 percent at 1 minute. At the same time- SES 


as hypertension occurred, a fall in RBF 
was seen, with an average decrease of 28 
percent at 30 seconds and 35 percent at 1 
minute, followed by a gradual return toward 
normal. 


The acute onset of these changes along 
with a short duration (177 sec) suggests to 
us that methylene blue injection either caus- 
es a generalized reflex vasoconstriction or 
direct vascular effect. The hypertension 
evidently causes reflex slowing of the heart 
by stimulating sino-aortic baroreceptors.? 
We also feel that the arrhythmias were 
related to the hypertension. 


The mechanism of action of methylene 
blue in causing vasoconstriction still re- 
mai methylene blue used in 

mtilled-water solu- 
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takes 5 to 15 minutes before sizable amounts 
are released, which does not coincide with 
the time course seen in our study. The role 
of serotonin, speed of drug injection, as well 
as of dosage, in methylene blue-induced hy- 
pertension and decreased RBF, require fur- 
ther study. Meanwhile, it is clinically im- 
portant for anesthesiologists to be aware of 
these responses in man, so that blood pres- 
sure readings during such procedures will 
not lead to the conclusion that the patient 
is "light" and to the administration of an 
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inappropriate dose of anesthetic or anal- 
gesics. 


REFERENCES 


1. Goodman LS, Gilman А: The Pharmacological 
Basis of Therapeutics. Fourth edition. New York, 
The Macmillan Company, 1970, pp 1056-1057 

2. Detweiler DK: Circulation, Physiological Basis 
of Medical Practice. Ninth edition. Edited by JR 
Brobeck. Baltimore, The Williams & Wilkins Com- 
pany, 1973, chapter 6, p 48 

3, Schick PK, Yu BP: Methylene blue-induced 
serotonin release in human platelets. J Lab Clin 
Med 82:546-553, 1973 


CPK-MB ISOENZYME. The diagnosis of acute myocardial infarction postoperatively 
may be obscured by anesthetic or analgesic drugs and nonspecific serum enzyme 
changes after major surgery. The electrocardiogram may fail to diagnose acute myo- 
cardial infarctions in over 30 percent of patients. However, the MB isoenzyme of 
creatinine phosphokinase (CPK) is specific for myocardium and may serve as an 
indicator of injury in the early postoperative period. CPK-MB isoenzyme was present 
in the serum in 10 of 30 patients after cardiopulmonary bypass and in no patient 
after thoracotomy. In 6 of these patients the other enzyme tests were not suggestive 
of myocardial injury. Isoenzyme elevations correlated with the duration of cardio- 
pulmonary bypass (over 90 minutes), aortie cross clamp time (over 75 minutes), 
interruption of coronary artery blood flow for more than 30 minutes and heart valve 
replacement rather than vein bypass grafts. CPK-MB isoenzyme proved to be a useful 
adjunet in the diagnosis of acute myocardial infarction in the early postoperative 
period. (Pyle RB, Blomberg DJ, Burke MD et al: CPK-MB isoenzyme: Use in diagnosis 
of acute myocardial infarction in the early postoperative period. J Thor Cardiovas Surg 


71:884-890, 1976) 
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Halothane MAC in Dogs Unchanged by Phenobarbital 


OSCAR VIEGAS, MD* 
ROBERT K. STOELTING, МОТ 


Indianapolis, Indiana 


Halothane MAC in dogs was not significantly 
changed by phenobarbital (PB) therapy. Fol- 
lowing 10 consecutive days of oral PB (10 
mg/kg), halothane MAC was 0.95 + 0.05 vol/dl 
(mean + SE) compared with a halothane MAC 
of 1.05 + 0.03 vol/dl in another group not giv- 


А oras anesthetic drug biotransfor- 
mation could prolong establishment of 
the brain partial pressure required for anes- 
thesia (prolonged induction) but should not 
change the brain partial pressure necessary 
to produce anesthesia. However, any asso- 
ciated CNS sedative effects produced by 
agents responsible for accelerated drug bio- 
transformation could have additive anesthet- 
ic effects which would be reflected by a re- 
duced MAC for an inhalation anesthetic. 


For example, phenobarbital (PB) pre- 
treatment in rats stimulates hepatic micro- 
somal enzymes responsible for inhalation an- 
esthetic biotransformation! and at the same 
time is а CNS depressant.? Therefore, we 
speculated PB might reduce anesthetic re- 
quirements. However, this study demon- 
strates that PB administration did not sig- 
nificantly alter halothane MAC in the dog. 


METHODS 
Anesthesia was achieved and maintained 
in 12 mongrel dogs (10 to 15 kg), using 
halothane in О,. Endotracheal intubation 
was performed without neuromuscular block- 
ers and ventilation was then mechanically 
controlled. Esophageal temperature was 
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en PB. The absence of change in MAC may 
reflect either the development of tolerance to 
CNS sedative effects of PB or the masking of 
antanalgesia effects of the barbiturate by asso- 
ciated sedation and/or analgesia. 


monitored and external heating or cooling 
applied to maintain body temperature near 
37? C. End-tidal halothane was measured 
intermittently with a Beckman infrared ana- 
lyzer and maintained constant for 15 min- 
utes. After 15 minutes and just before the 
first 30-second tail-clamp stimulus, an arte- 
rial blood sample was drawn from a femoral 
artery catheter for determination of arterial 
blood gases and pH, halothane,’ and PB 
concentrations.* 


The arterial halothane concentration was 
converted to the equivalent alveolar concen- 
tration assuming a halothane blood/gas par- 
tition coefficient equal to 2.4 for the dog. 
Halothane MAC was calculated as that con- 
centration midway between the highest halo- 
thane concentration just permitting move- 
ment and the lowest concentration prevent- 
ing movement.* 


Six dogs received PB (10 mg/kg) orally 
every afternoon (1600 to 1800 hours) for 
10 consecutive days. Halothane MAC was 
determined about 16 hours after the last 
PB dose. The 6 remaining dogs did not re- 
ceive PB but were anesthetized in an iden- 
tical manner. 
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Data were analyzed for statistical signifi- 
cance by paired analysis with Student's 
t-test, and p<0.05 considered significant. 


RESULTS 

The presence of serum PB levels of 24.9 
+ 3.8 „g/ml (mean + SE) was not associ- 
ated with a significantly reduced halothane 
MAC as compared with dogs not given PB 
(table). MAC in the treated dogs was 0.95 
+ 0.05 vol/dl and in the untreated dogs 1.05 
+ 0.03 vol/dl. 


DISCUSSION 

Although sedation may limit initial ther- 
apy with PB, the usual response is the de- 
velopment of tolerance despite the presence 
of therapeutic blood levels.? Indeed, it was 
our impression that animals treated with PB 
were not sedated as compared with the un- 
treated group. Nevertheless, it seemed pos- 
sible that CNS depression produced by PB, 
even in the absence of apparent sedation, 
might have an additive anesthetic effect as 
reflected by decreased MAC for an inhala- 
tion anesthetic. 


However, when the last PB dose was giv- 
en about 16 hours before anesthesia (simu- 
lating the patient taking PB chronically but 
not receiving the last dose before an elective 
operation), halothane MAC was not altered 
despite the presence of a serum PB concen- 
tration averaging 24.9 „g/ml (therapeutic 
range for seizure control 20 to 30 ,»g/ml*). 





*Solow EB: Personal communication. Indiana Uni- 
versity School of Medicine, Indianapolis, IN 46202. 


TABLE 


Halothane MAC and Serum Phenobarbital 
Concentrations 





No 
Phenobarbital phenobarbital 








MAC, Serum PB, MAC, 
vol /dl Ёз / т! vol/di 
0.92 18.2 1.01 
0.77 23.2 0.95 
0.90 40.4 0.98 
1.01 25.0 1.08 
0.92 29.0 1.05 
1.15 14.0 1.19 
Mean 0.95 24.9 1.05 
+ SE 0.05 3.8 0.03 
Pads, torr 289 + 31 325 + 28 
Расо», torr 34.4 + 3.1 32.1 + 2.5 
pH 7.45 + 0.1 7.41 x 0.1 


Inu —————————————— —— — — 
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Drugs such as reserpine,? alpha-methyl- 
dopa,5 and chronic dextroamphetamine? 
may decrease halothane MAC secondary to 
CNS catecholamine depletion. The effect of 
PB on CNS catecholamine levels is not 
known, but sedative doses do prevent the 
stress-induced release of norepinephrine in 
the brain stem of rats.2 


The analgesic action of barbiturates is 
controversial. In 1 report,’ pentobarbital 
was effective in reducing postoperative pain 
in 50 percent of patients. In contrast, 
Dundee? and Clutton-Brock,!? independent- 
ly, demonstrated that thiopental or pento- 
barbital reduced the pain threshold. If ant- 
analgesia was indeed produced by PB, a 
greater halothane concentration would have 
been required to prevent movement in re- 
sponse to the painful tail-clamp stimulus. 
The fact that halothane MAC was not alter- 
ed suggested that PB antanalgesia either did 
not occur or was offset by sedative and/or 
analgesic actions of the drug. 


Anesthetic induction may be delayed in 
the presence of enzyme induction. Berman's 
group!! reported that PB did not alter the 
arterial methoxyflurane concentration re- 
quired to produce sleep, but the time re- 
quired for establishment of this arterial con- 
centration was delayed. In our study, the 
difficulty in maintaining an identical in- 
spired anesthetic concentration, ventilation, 
and cardiac output, plus the inability to 
quantitate enzyme induction or demonstrate 
a clear endpoint for induction, made any 
attempt at measuring the time for anesthetic 
induction impractical. 


If these data are applicable to man, we 
conclude that halothane anesthetic require- 
ment will not be altered in the patient re- 
ceiving PB. 
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INSULIN ABSORBANCE. Interest in low-dose constant intravenous insulin infusion 
for the management of ketoacidosis has raised questions as to the method of insulin 
administration. A recent study showed greater than 50 percent insulin absorption 


to glass or plastic intravenous infusion containers. 


The authors evaluated 500. ml 


of normal saline and lactated Ringers (with or without 1.25 grams/dl human serum 
albumin) for insulin infusion. An infusion system utilizing a 50 ml “washout” with 
25 units regular insulin permits delivery of at least 75 percent of the expected insulin 
for the first 50 ml and 100 percent thereafter. After the first 20 ml insulin concen- 
trations were identical with or without added albumin. The passage of 50 ml through 
the infusion apparatus probably saturates insulin binding sites such that further 
insulin loss is minimal. (Peterson L, Caldwell J, Hoffman J: Insulin absorbance to 
polyvinylehloride surfaces with implications for constant-infusion therapy. Diabetes 


25:72-74, 1976) 
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Massive Myoglobinuria Precipitated by Halothane and 
Succinylcholine in a Member of a Family with 
Elevation of Serum Creatine Phosphokinase 


WILLIAM E. MOORE, MD* 
ROBERT L. WATSON, МОТ 
JAMES J. SUMMARY, PhDt 


Honolulu, Hawaii§ 


Massive myoglobinuria developed in a patient 
given halothane and IV succinylcholine. Marked 
elevations of serum CPK were found in the 
patient and several family members. Myop- 
athic changes in electromyogram and lack of 
neuromuscular symptoms and physical findings 
prompted the diagnosis of familial nonprogres- 


M <= along with other contents of 
skeletal muscle, can be released into 
the circulation in response to hereditary 
muscle disorders, muscle ischemia, and, 
rarely, from drugs and other toxins. Au- 
thors of isolated case reports?? of massive 
myoglobinuria implicating general anesthe- 
sia have failed to fully evaluate their pa- 
tients postoperatively for the various heredi- 
tary muscle disorders known to be associ- 
ated with myoglobinuria. 


The following case is unique in that mas- 
sive myoglobinuria secondary to halothane- 
succinylcholine general anesthesia occurred 
in a patient who was later found to have a 
subclinical myopathy characterized by per- 
sistently elevated serum creatine phospho- 
kinase (CPK). 


CASE REPORT 
The patient was a healthy, 13-year-old, 
32-kg boy, admitted for a repeat tympano- 


sive muscular dystrophy. Other hereditary 
muscular diseases were eliminated by medical 
workup. It is recommended that patients with 
known myopathy or unexplained elevations of 
serum CPK not receive the combination of 
halothane and succinylcholine. 


plasty 2 years after his initial operation, 
which had been complicated by postopera- 
tive infection. 


Premedication was with 30 mg of meperi- 
dine, 50 mg of pentobarbital, and 0.15 mg 
of glycopyrrolate. Curare (3 mg IV) pre- 
ceded induction with 150 mg of thiopental 
and 60 mg of succinylcholine. Neither gross 
muscle fasciculations nor myotonic response 
was noted; however, muscle relaxation was 
judged inadequate and the patient received 
a second bolus of 60 mg of succinylcholine. 
He was then intubated and maintained on 
1 percent halothane and 60 percent №0. 
The operative procedure was completed un- 
eventfully 2 hours later with no elevation 
of rectal temperature. 


No complications were noted until 4 
hours postoperatively, when the first voided 
urine was dark brown. Benzidine test of 
urine was positive for occult blood but the 
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urine contained no red blood cell forms. 
Spun serum was clear, so a presumptive 
diagnosis of myoglobinuria prompted treat- 
ment with IV fluid and furosemide diuresis. 
Hemoglobinuria was eliminated by ammo- 
nium sulfate precipitation. Diuresis was 
brisk but urine remained positive for myo- 
globin for 24 hours postoperatively. No 
renal failure resulted. The patient exhibited 
marked muscular weakness and required 
assistance in standing and walking for the 
first 2 postoperative days. 


Clinical laboratory tests are summarized 
in the table. The extremely high levels of 
serum CPK were isoenzyme type III, char- 
acteristic of skeletal muscle. 


Review of the patient's medical history 
revealed no prior episodes of dark urine and 
only minor complaints of calf muscle cramps 
with vigorous exercise. The previous anes- 
thetic procedure had been by halothane 
mask induction with a single bolus of suc- 
cinylcholine (1 mg/kg); the rectal tempera- 
ture had been normal. 


Family members, screened for CPK, 
showed abnormal elevations in the father 
and 3 of the 4 siblings. An 11-year-old 
brother had a serum CPK of 1000, with a 
repeat CPK 1 year later of 541; all CPK 
elevations were of the isoenzyme type III. 


Because of the possibility of familial mus- 
cle disease, the propositus was reevaluated 
4 months postoperatively for hereditary 
muscle diseases associated with myoglobin- 
uria. Detailed neuromuscular examination 
showed no abnormalities. Blood lactic acid 
levels following ischemic forearm exercise 
were identical with those of a control volun- 
teer. Gastrocnemius muscle biopsy speci- 
mens appeared normal to light and electron 
microscopy. Assay of muscle phosphorylase 
“b,” using the method of Krebs and Fisher, 
demonstrated 1.56 „/mg protein in the pa- 
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tient and 0.31 ,/mg protein in control 
human volunteer muscle. Rowland's group? 
previously reported no detectable phosphor- 
ylase “b” activity in patients with McArdle's 
disease. 


Serum triglycerides were normal. Electro- 
myogram (EMG) showed decreased ampli- 
tude and duration compatible with a myo- 
pathic process. An EMG 1 year postopera- 
tively gave the same results. An EMG on 
the brother with elevated CPK levels was 
also compatible with myopathy. 


Lack of muscular symptoms and physical 
findings is strong evidence against periodic 
paralysis, myotonia dystrophica, and pro- 
gressive Duchenne muscular dystrophy. 
Although no hyperthermia developed with 
exposure to 2 general anesthetics, the possi- 
bility of malignant hyperthermia still exists. 
Normal blood lactic acid levels? and muscle 
phosphorylase “b” eliminate McArdle's type 
V glycogen storage disease. Elevations of 
serum triglycerides have been associated 
with the newly described5 abnormality of fat 
metabolism in which the enzyme carnitine 
palmityl transferase is virtually absent from 
skeletal muscle. 


The diagnosis of familial nonprogressive 
muscular dystrophy was made by neurolog- 
ic consultation based on abnormalities of 
EMG, serum CPK in the family, and lack 
of progressive muscular findings. 


Studies by Tammisto and Airaksinen®.!¢ 
have shown that it is possible to induce mild 
amounts of myoglobinuria in children by the 
use of 4 intermittent boluses of succinylcho- 
line when given with halothane general an- 
esthesia. They have also indicated that a 
preinduction dose of curare is protective. !?.!! 
More recently, Ryan’s group,!? with the aid 
of a sensitive immune precipitin technic, 
was able to detect serum myoglobin in the 
range of 5 to 85 mcg/ml in 40 percent of 








TABLE 
Results of Clinical Laboratory Tests in 13-Year-Old Boy 
m 2nd 3rd 
Operative postoperative postoperative postoperative 4 months 1 year 
Normal limits day day doy day postoperative — postoperative 

CPK,* 5-50 au/ml 110,000 148,000 10,000 30,000 1300 844 
SGOT, 7-40 su/ml 3000 — 300 2490 162 — 
LDH, 100-225 pu/ml 4900 — 600 1990 425 — 
K*, 3.5-5 mEq/L 41 





*Isoenzyme type ПІ, characteristic of skeletal muscle. 
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children under general anesthesia following 
a single 1 mg/kg IV bolus of succinylcho- 
line. This method was so sensitive that, of 
16 patients with detectable myoglobinemia, 
6 had completely cleared their serum 45 
minutes later. Thus, it would appear possi- 
ble to induce mild amounts of myoglobinuria 
with multiple doses of succinylcholine in 
children receiving general anesthesia. 


In contrast to these series, Bennike and 
Jarnum? reported an adult patient who was 
given a single IV bolus of 100 mg of suc- 
cinylcholine under general anesthesia and 
later developed massive myoglobinuria with 
resultant acute renal failure. This patient's 
serum CPK returned to normal 10 days 
postoperatively and remained normal. No 
ischemic exercise test or muscle assay of 
phosphorylase was reported; however, 
Bennike felt that the patient had some pre- 
existing muscle disease, possibly McArdle's 
disease, on the basis of a strong history of 
intermittent painful swelling of the thighs. 


The present case of massive myoglobinu- 
ria in a child receiving halothane anesthesia 
and 2 IV doses of succinylcholine is unusual 
in that the patient was pretreated with cu- 
rare and that the proband and family mem- 
bers were found to have persistent elevations 
of serum CPK. Under normal circumstances, 
a patient with this form of hereditary mus- 
cle disease would not be detected by even 
the most detailed preoperative history and 
physical examination. For this reason, a 
new short-acting, nondepolarizing relaxant 
drug would be a useful alternative agent, 
particularly in children. 


Since this case documents interaction of 
a genetic muscle disease with the popular 
agents, succinylcholine and halothane, any 
patient with known myopathy or known to 
have abnormal elevations of type III serum 
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CPK should receive this combination of 
drugs with caution. Intubation of these pa- 
tients may be safer without relaxant drugs, 
or, if relaxants are necessary, with carefully 
administered nondepolarizing relaxants. 
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The Effects of Heparin on Recovery from 
Ischemic Brain Injuries in Cats 
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Since ischemic anoxia in experimental animals 
has been reported to produce areas of cerebral 
postocclusive nonperfusion, the authors studied 
the effect of heparin on recovery from tourni- 
quet-produced cerebrovascular injury in 41 
barbiturate-anesthetized, ventilated cats (Paco: 
30 + 2.5 torr). Twenty-four control animals 
were subjected to 2-to-12-minute ischemic in- 
juries without further treatment. Seven experi- 
mental animals were given heparin (1000 u/kg) 
l minute before 4-to-7-minute ischemic injur- 
ies, while 10 animals received heparin (1000 
u/kg) immediately after 4-to-7-minute injur- 
ies. All animals were monitored with continu- 
ous arterial and intracranial pressure (ICP) 


HOUGH some studies suggest that the 

brain is uniquely sensitive to hypoxic 
injury because of low anaerobic substrate 
levels,! this view is not universally held. 
Other studies of the effects of total cerebral 
ischemia have identified areas of postocclu- 
sive nonperfusion ("no-reflow" phenome- 
non).*!! Langfitt!? suggests 2 possibilities: 
intravascular sludging and red cell aggrega- 
tion in small vessels during ischemic anoxia, 
or endothelial and periglial cell swelling 
with collapse of the cerebral capillary bed, 
both resulting in subsequent hindrance of 
reflow. 


From direct observations of cerebral mic- 
rovasculature in dogs during and after in- 
duced cardiac arrest, Hekmatpanah!? be- 
lieves that greater emphasis should be 
placed on intravascular obstruction by 
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recordings, EEG, and evoked cortical responses. 
Ischemia and evoked-response recovery times 
were linearly related in all groups (r — 0.998 
control, r — 0.936 heparin preinjury, r — 0.951 
heparin postinjury). Regression-line slope com- 
parison indicated shorter evoked response and 
EEG recovery times in the heparin-treated 
groups than in the control group. Heparin ad- 
ministration did not effect elevations of ICP 
seen 6 and 12 hours postinjury in control ver- 
sus experimental groups. In cats with injuries 
lasting 5 minutes or more, all control animals 
were decerebrate and apneic, while 5/12 hepa- 
rin-treated animals had lesser neurologic defi- 
cits. 


sludged red blood cells and thrombin micro- 
emboli as the etiologic agent in anoxic cere- 
brovascular (CV) injury. However, Cantu 
and Ames! have shown that increasing jugu- 
lar venous osmolality with systemic hyper- 
tonic mannitol and glucose solutions prior to 
the ischemic anoxic insult decreases subse- 
quent CV obstruction. Their data would in- 
dicate endothelial and periglial cell edema 
to be the cause of the obstruction. 


More recently, Levy's group!! presented 
convincing evidence that the no-reflow phe- 
nomenon may not occur at all if cerebral 
perfusion is maintained in the postischemic 
period. These and other authors!5 relate 
failure to recover neuronal function after 
ischemia to primary neuronal injury result- 
ing in massive increases in perivascular po- 
tassium concentration released during the 
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ischemic period. Many authors: !?.!* agree 
that systemic hypertension after ischemic 
anoxic injury improves recovery. 


Sodium heparin, when used in doses larg- 
er than those employed in anticoagulant 
therapy, is known to have anti-inflammatory 
and antihistaminic ргорегіїеѕ.17°2° Saliba 
and coworkers?! found parenteral heparin 
useful in reducing tissue necrosis and loss in 
burned patients. On the basis of these re- 
ports, we studied the effects of parenteral 
heparin on recovery from ischemic anoxic 
brain injuries in cats. 


METHODS AND MATERIALS 

Forty-one adult cats were divided into 3 
groups; (I) 24 control animals given 2-to- 
12-minute ischemic anoxic injuries without 
therapy; (II) 7 experimental animals given 
heparin (1000 u/kg) 1 minute before ische- 
mic anoxic injuries lasting 4 to 7 minutes; 
(ПІ) 10 experimental animals given heparin 
(1000 u/kg) immediately after injuries of 
4 to 7 minutes duration. 


The cats were anesthetized with intra- 
peritoneal sodium pentobarbital (25 mg/ 
kg), intubated, and ventilated with a Har- 
vard pump and room air to maintain a 
Paco; of 30 + 2.5 torr. Esophageal tempera- 
tures were maintained at 36 + 0.5? C. Arte- 
rial and venous cannulae were inserted in 
femoral vessels and a Richmond ICP bolt 
was placed in the right parietal subarach- 
noid space.??:?? Continuous arterial and in- 
tracranial pressures were recorded on a 
Beckman R 411 Dynograph? via Statham 
P23Db transducers and 5 percent dextrose 
in water was infused through the venous 
cannula at 5 ml/kg/hr. 


A shielded silver-silver chloride electrode 
was inserted through the left frontal sinus 
onto the surface of the frontal cortex and 
sealed in place with Eastman 910 adhesive. 
Continuous unipolar EEG activity and cor- 
tical evoked responses to electrical stimula- 
tion of the right forepaw (10 v, 1 msec, 0.33 
Hz) were recorded from the silver-silver 
chloride electrode with reference to an in- 
different ear electrode. The EEG and evoked 
cortical responses were recorded on a Tek- 
tronix® 564 B storage oscilloscope after pas- 
sage through a preamplifier and 60 Hz filter. 


Ischemic anoxic injuries were produced 
by inflating a pneumatic cuff around the 
neck to 1200 torr. The adequacy of this 
method of interrupting cerebral blood flow 
was tested by injecting fluorescein dye IV 
in 5 cats immediately after cuff inflation, 
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and, in another 5 cats, immediately after 
bilateral vertebral and carotid artery clamp- 
ing. The appearance time for trace amounts 
of dye on the cerebral cortex was 2.5 + 0.2 
minutes postinjection in both groups. 


Neither of these recognized methods pro- 
duce complete cerebral ischemia. We could 
demonstrate no significant difference be- 
tween the 2 methods and chose the less 
invasive. Minimal flow probably continued 
through the anterior spinal artery. Hossman 
and Kleihues’ indicated that this remaining 
flow is not significant and may indeed inter- 
fere with recovery. 


An evoked cortical somatic response was 
chosen as a sensitive monitor of multineural 
ischemic anoxic injury and subsequent re- 
covery.” The preinjury appearance of the 
evoked response, its disappearance time 
after cuff inflation, and its reappearance 
time after cuff release were noted in all ani- 
mals. The disappearance time of the evoked 
response was taken as the point of complete 
loss of wave-form. A response 10 percent of 
control amplitude was chosen as the reap- 
pearance point. Disappearance and reap- 
pearance times for EEG activity were also 
noted. Evoked response recovery times after 
cuff release were plotted as a function of 
cuff inflation time. Regression lines and 
correlation coefficients were calculated. Dif- 
ferences in line slopes were subjected to Z 
analysis.* 


All animals were then observed for 24 
hours. Mean arterial pressures (MAP) 
were maintained at 100 to 120 torr with 
norepinephrine during observation period. 
The development and intensity of cerebral 
edema was evaluated by continuous ICP re- 
cordings. The neurologic state of all cats 
was examined 24 hours postinjury. 


RESULTS 

EEG and evoked-response tracings were 
similar in all animals before cuff inflation 
(fig 1). Disappearance times of EEG and 
evoked response after cuff inflation did not 
vary between control or experimental groups. 
All animals responded to cuff inflation with 
tachycardia, hypertension, and arrhythmias. 
After cuff release, 11/24 control animals and 
8/17 experimental animals required inter- 
mittent norepinephrine administration to 
maintain MAP greater than 100 torr (fig 2). 





*Z analysis: a test that compares regression-line 
slopes for significance of variance. Steel and Torrie: 
Principles and Procedures of Statistics. New York, 
McGraw Hill & Company, 1960, pp 188-191. 
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Fic 1. Example of control somatic cortical evoked 
response tracing. 


The duration of ischemic injury was 
linearly related to evoked-response recovery 
times in all groups (fig 3). Regression lines 
for the 2 experimental groups (B, C, fig 3) 
differed significantly from that of the con- 
< trol group (A, fig 3). The Z factor between 
"control and heparin preinjury regression- 
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line slopes was 1.76 (p«: 0.032). Regression- 
line slopes for the 2 experimental groups 
were not significantly different (2 = 0.239) 
(p»0.05). 


Postinjury EEG recovery times were not 
as well related to the duration of ischemia 
as were those for evoked response, EEG 
activity consistently appearing after the 
evoked response. The difference between 
these recovery times was directly propor- 
tional to the duration of cuff inflation. Corre- 
lation coefficients for ischemia versus EEG 
recovery times were 0.791 for control ani- 
mals, 0.818 for heparin preinjury treated 
animals, and 0.786 for heparin postinjury 
treated animals. 


Control ICP was 6.1 + 3.1 torr (SD) for 
all 41 cats studied. During cuff inflation, 
ICP decreased 2.9 + 1.6 torr for all cats. 








400 200 
Arterial Pressure An, 
* 
[e] 
100- 50 
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Pressure | f i 
о 4 1 to 
Cuff voked Response Cuff N.E. Drip 
inflated Gone Deflated Started 
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AM 
400 р 
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о 
50 
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o t } 
10% of Control EEG 


Evoked Response Return 


"Fig 2. Effect of cuff inflation and release on arterial pressure (top line), EEG (middle lines), and ICP 
(bottom line). The figure is read from left to right and the 3 tracings are continued in the bottom half 
of the figure. The 0.33 Hz spikes in the EEG tracings are artifacts. 


Return 
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Fic 3. A. Regression line for control animals. 
B. Regression line for experimental animals given 
heparin before injury. C. Regression line for experi- 
mental animals given heparin after injury. 


Immediately after cuff release, ICP in- 
creased to 32.3 + 7.9 torr and then gradu- 
ally returned to near control levels within 
30 minutes (fig 2). A later sustained in- 
crease in ICP was noted beginning 3 to 4 
hours postinjury. The degree of this late 
increase was variable for all cats studied 
and not related, at a confidence level of 
р<0.05, to either the duration of ischemic 
injury or the administration of heparin. 


The neurologic status of cats 24 hours 
postinjury was dependent both on the dura- 
tion of injury and the administration of 
heparin. Ten cats received ischemic injuries 
of less than 5 minutes duration. Five control 
cats manifested variable neurologic deficits 
24 hours after injury. One was apneic and 
decerebrate while 4 were severely ataxic. 
Five of the 17 cats given heparin either im- 
mediately before or after injury were less 
severely impaired after 24 hours; 2 appeared 
neurologically intact while 3 manifested va- 
riable degrees of ataxia. 


The 19 control cats given ischemic in- 
juries of 5 minutes or more were all apneic 
and decerebrate after 24 hours. The 12 ex- 
perimental cats that received ischemic in- 
juries of 5 minutes or more manifested vari- 
able neurologic findings after 24 hours; 7 
were apneic and decerebrate while 5 were 
breathing spontaneously and reacted to 
stimuli. Of these latter, 3 were ataxic and 
2 were quadriparetic. 


ANESTHESIA AND ANALGESIA’... Current Researches Vor. 55, No. 5, ЅЕРТ.-Ост., 1976 


DISCUSSION 

This study shows that heparin modifies 
the response of cats to ischemic anoxic CV 
injury. Regression-line slope comparison of 
control animals with heparin-treated ani- 
mals indicated a more rapid return of 
evoked response activity in the heparin- 
treated groups after ischemic injuries of 4 
to 7 minutes duration. 'There was no signifi- 
cant difference in recovery, whether heparin 
was administered before or after injury. 


Fischer and Ames,!5 studying longer an- 
oxic injuries in rabbits, did not find heparin 
beneficial for postischemic recirculation. 
This discrepancy may be due to heparin 
inactivation at low pH levels. Cats in our 
study had a blood pH of 7.45 + 0.05 from 
controlled mild hyperventilation before is- 
chemic injury. They sustained injuries of 
Shorter duration than animals in Fischer's 
study and, therefore, probably had lesser 
degrees of intracerebral acidosis immediate- 
ly after injury. Systemic pH in our cats was 
not significantly different before than after 
injury. 


Many authors?.*.!? state that microvascu- 
lar obstruction from thrombotic debris is 
not a major factor in ischemic injuries of 
less than 5 minutes duration, yet our results 
reveal a beneficial effect of heparin on recov- 
ery from 4-to-7-minute ischemic anoxic in- 
juries. This would indicate that heparin 
may reduce endothelial and periglial cell 
edema as well as prevent thrombotic accu- 
mulation in cerebral capillary beds. 


The high correlation coefficients demon- 
Strated for evoked-response regression lines 
in all 3 groups of cats support the assump- 
tion that evoked somatic cortical responses 
are sensitive reproducible indicators of re- 
covery from ischemic injury. Regression 
lines for EEG recovery had lower correlation 
coefficients. The nature of the evoked-re- 
sponse recovery lines also indicates that the 
cuff-inflation method of causing ischemic 
anoxic injury is reproducible. Dye appear- 
ance on the cerebral cortex after both meth- 
ods of occlusion indicates that neither meth- 
od interrupts collateral flow (most likely 
through the anterior spinal artery). 


Comparison of neurologic findings for con- 
trol and experimental animals 24 hours post- 
injury also revealed heparin-induced differ- 
ences. With injuries of 5 or more minutes 
duration, control animals were all decere- 
brate and apneic, while 5/12 heparin-treated 
animals had lesser neurologic impairment. 
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Our results failed to demonstrate parallel 
differences in postinjury intracranial hyper- 
tension between control and experimental 
groups. Failure to demonstrate this ex- 
pected correlation might be attributed either 
to inaccuracies in long-term pressure record- 
ings from the Richmond bolt in thin cat 
skulls or to the small size of the experimen- 
-tal-animal sample. 


This study has, however, demonstrated 
the need for further detailed investigation of 
heparin use in decreasing the degree of CV 
injury after ischemic anoxia. It also de- 
scribes a relatively simple and reproducible 
experimental design for studying drug effect 
on CV ischemic injury. 
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Change in Pulmonary Venous Admixture With 
Varying Inspired Oxygen 


MICHAEL E. DOUGLAS, MAJOR, USAF (MC)* 
JOHN B. DOWNS, МОТ 
FRANCIS J. DANNEMILLER, COLONEL, USAF (MC)} 
MICHAEL R. HODGESS 
EDWIN S. MUNSON, МР | 


Pulmonary venous admixture (Qsp/Qt) was 
analyzed as a function of fractional concentra- 
tion of inspired О„ (F102) in 30 patients who 
required postoperative mechanical ventilation. 
Pulmonary and radial artery blood-gas ten- 
sions and pH were measured and Qsp/Qt was 
calculated with Fio: ranging from 0.21 to 1. 
In all patients, Qsp/Qt decreased when Fio: 
was increased from 0.21 to 0.4 and then sta- 


"Роч venous admixture (Qsp/Qt) 
may result from intrapulmonary arterio- 
venous shunting of blood, or from shunt-like 
effects produced by decreased O, diffusion 
through the alveolar capillary membrane, 
and perfusion of lung units with small but 
finite ventilation/perfusion ratios. Deter- 
mination of Qsp/Qt by the equation derived 
from a 2-compartment model gives an esti- 
mation of the right-to-left intrapulmonary 
shunting of blood that would have to exist 
to explain the observed differences between 
pulmonary end-capillary and systemic Pao;. 
However, the various causes of Qsp/Qt can- 
not be distinguished by such a 2-compart- 
ment model.? 


Pure O, inhalation will minimize both 
diffusion abnormalities and the effect of 


bilized to an Fioz of approximately 0.6. As the 
Fio; was increased to 1, Qsp/Qt increased. 
Since the inhalation of gas mixture with Fio; 
20.6 increased right-to-left intrapulmonary 
shunting of blood, we recommend respiratory 
function be evaluated during inhalation of a 
clinically useful concentration of Оз rather 
than at an Fio; of 1. 


Qsp/Qt on lung units with low V,/@.3 How- 
ever, recent evidence?’ suggests that overall 
Qsp/Qt may not be minimized, and that 
intrapulmonary shunt may actually in- 
crease, even with short periods of O, inhala- 
tion. Our study was performed to quanti- 
tate the effect of elevated Ето, on Qsp/Qt in 
patients requiring continuous mechanical 
respiratory support. 


METHODS 

Data were obtained from 30 surgical pa- 
tients admitted to the intensive care unit 
during a 6-month period. All patients either 
had been unable to maintain arterial pH 
(pHa) > 7.35 because of respiratory de- 
pression or had elevated Qsp/Qt. Pulmonary 
and radial artery catheters were inserted 
percutaneously. Each patient was intubated 
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orotracheally and mechanical ventilatory 
support was provided with an intermittent 
mandatory ventilation volume-cycled ven- 
‘tilator (J. H. Emerson Company). A man- 
datory tidal volume of 12 ml/kg was deliv- 
ered with sufficient frequency to maintain 
a pHa » 7.35. A precalibrated, high-flow, 
< air-O, blender (bird Corporation) with ver- 
ified accuracy of + 19 of the indicated 
Ето, provided a continuously heated and 
humidified gas flow (20 to 30 L/min) which 
allowed patients to breathe spontaneously 
between mechanical breaths. A threshold- 
resistor valve (J. H. Emerson Company) 
provided PEEP when indicated. 


No patient showed evidence of chronic 
obstructive lung disease and all had stable 
vital signs and a hemoglobin (hgb) concen- 
tration > 11 gm/100 ml. In all patients, 
Pao, values were >50 torr (Fio, = 0.21) 
and the pHa was between 7.35 and 7.55. 
Proper orotracheal tube placement was con- 
firmed by chest roentgenogram. Clinical 
data on individual patients are shown in 
table 1. 


Each patient received ап Fio, of 0.21 for 
30 minutes before heparinized pulmonary 
and radial arterial blood samples were col- 
lected anaerobically. Blood-gas tension and 
pH were determined with standard electrode 
technics (Instrumentation Laboratories). 
Fio, was increased to 0.3 for 15 minutes and 
blood samples again were collected. This 
sequence was repeated at 15-minute inter- 
vals using Fio,'s of 0.4, 0.5, 0.6, 0.7, 0.8, 
0.9, and 1. 


Qsp/Qt was calculated at each Fro, using 
the equation: 


àsp/àt = Cao, — Cio, 


where Cao, = 1.34 (hgb) (Sao,) + 0.0031 
Paos; CVo, = 1.34 (hgb) (Svo,) + 0.0031 
P905; Cco, = 1.34 (hgb) (560) + 0.0031 


[‹Рь — PH;0) Fro, — Pacos]; Saos, Svo; 
and Sco, are O, saturations of arterial, pul- 
monary artery, and pulmonary end-capillary 
hgb, respectively, and P, is barometric pres- 
sure; the respiratory quotient was assumed 
equal to 1; 1.34 = О» capacity of hgb in ml 
O./gm hgb,? and 0.0031 = О„ solubility co- 
efficient in О, ml/torr. О, saturation was 
calculated by the method described by 
Severinghaus.* Pco, was assumed equal to 
estimated Pao..? 


In 5 randomly selected patients, heart 
rate, mean pulmonary artery pressure, mean 
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systemic blood pressure, pulmonary artery 
occlusion pressure, and cardiac output de- 
termined by thermodilution technic’ were 
measured at each F10,. An in vivo О, elec- 
trode (International Biophysics Corpora- 
tion) was inserted in the radial artery so 
that Pao, response to changing Fio, could 
be measured continuously. To assess the 
possible influence of mechanical ventilation, 
PEEP, and cardiac output on the relation- 
ship between Fio, and Qsp/Qt, patients 
retrospectively were divided into subgroups 
as follows: group A (8 patients) had an 
IMV rate > 6/min; group B (11 patients) 
received PEEP > 10 torr; group C (19 
patients) received PEEP > 4 torr; group D 
(7 patients) had a P¥o, < < 30 torr (Fio, = 
0.21); group E (9 patients) had a Pvo, < 
38 torr (Fro. = 0.7); group F (10 patients) 
had Pvo. < 40 torr (Fro, = 1). Data were 
examined statistically using an analysis of 
variance (ANOV) and the paired 2-tailed 
Student’s t-test when ANOV indicated sig- 
nificant differences. 


SYMBOLS* 


Cao,: arterial blood O, content (volumes 
percent) 


Céo,: pulmonary end-capillary blood O, 
content (volumes percent) 


Сўо„: pulmonary artery (mixed venous) 
blood O, content (volumes percent) 
F10,: fractional concentration of inspired O, 
Paco,: alveolar CO, tension (torr) 
РАМ,: alveolar N, tension (torr) 
Pao,: 


P(A-a)0,: alveolar-arterial O, tension dif- 
ference 

Pao,: arterial blocd O, tension (torr) 

Рсо,: pulmonary end-capillary blood O, 
tension (torr) 


PEEP: positive 
(torr) 


alveolar O, tension (torr) 


end-expiratory pressure 


P¥o.: pulmonary artery (mixed venous) 
blood O, tension (torr) 

Qsp/Qt: fraction of pulmonary physiologic 
shunt flow (venous admixture) 


Qsan/Qt: a special case of Qsp/Qt when 
Fio, 1 


v,/Q: ratio of alveolar ventilation to pul- 
monary perfusion 


*American College of Chest Physicians, 
American 'Thoracic Society, Pulmonary 
Terms and Symbols: A Report of the 
ACCP-ATS Joint Committee on Pulmon- 
ary Nomenclature. Chest 67:583-598, 1975 
(supplemented). 
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TABLE 1 


Patient Clinical Data 





Patient Age, IMV rote, PEEP, — Qsp/Qt, 
number yr Sex Diagnosis or operation cycles/min torr Fio20.4 
1 41 M Coronary artery-saphenous vein graft (CASVG) 0 10 0.15 
2 62 М Gram-negative septicemia 8 0 0.21 
3 24 Е Aspiration pneumonitis 2 6 0.12 
4 58 М Gram-negative septicemia 4 6 0.21 
5 40 F CASVG 4 0 0.06 
6 55 M CASVG 7 0 0.09 
7 61 М Gram-negative septicemia 4 20 0.18 
8 54 М Small-bowel obstruction 2 10 0.11 
9 48 F Aspiration pneumonitis; hemorrhagic shock 3 20 0.16 
10 58 F Mitral valve commissurotomy 4 0 0.14 
11 49 М Left ventricular aneurysmectomy 6 0 0.22 
12 53 M CASVG 6 10 0.05 
13 28 М CASVG 2 0 0.15 
14 20 M Exploratory laparotomy 2 8 0.16 
15 58 М CASVG 3 0 0.06 
16 41 Е Adrenalectomy 4 0 0.18 
17 38 М CASVG 8 20 0.18 
18 15 F Repair atrial septal defect 10 0 0.20 
19 42 М Aortic valve replacement 1 4 0.15 
20 19 М Lung contusion 3 20 0.15 
921 56 М Aortic bifemoral graft placement 1 5 0.05 
22 28 F Aortic valve replacement 1 0 0.09 
23 52 Е Hysterectomy and congestive heart failure 6 15 0.14 
24 50 М CASVG 12 15 0.04 
25 20  F Septic abortion 4 10 0.06 
26 55 М CASVG 5 4 0.09 
27. 58 М CASVG 2 10 0.16 
98 35 Е Abdominal exploration 0 8 0.13 
29 45 М Mitral valve replacement 5 0 0.14 
30 55 F CASVG 1 5 0.14 
RESULTS pulmonary artery pressure, mean systemic 


When plotted as a function of Fio», 
Qsp/Qt formed a convex curve with a mini- 
mum value occurring between Fio, = 0.4 
and 0.7 for each patient (figure). As Fio, 
was raised from 0.21 to 0.4, Qsp/Qt de- 
creased and then remained unchanged as 
Fio, was raised to 0.7. Qsp/Qt increased as 
Fro, was raised to 1, but was less than when 
Fio, was 0.21 (p«0.001). 


Patients in subgroups A, B, C, D, E, and 
F showed no significant change in trends of 
mean Qsp/Qt when data from subgroups 
were compared with those of all other pa- 
tients. In vivo Pao, recordings revealed 
that 90% of the change in Pao, occurred 
within 5 minutes of increasing Fro. by 0.1 
and within 7 minutes of increasing Ето: by 
0.79. Complete equilibration was reached 
by 15 minutes when Fio, was increased di- 
rectly from 0.21 to 1. There were no differ- 
ences in cardiac output, heart rate, mean 


blood pressure, pulmonary artery wedge 
pressure or Ca-Vo, as Fro, was increased in 
5 patients (table 2). 


DISCUSSION 


Adequate pulmonary gas exchange is es- 
sential to the successful management of 
critically ill patients. Various methods have 
been advocated to evaluate pulmonary func- 
tion and effectiveness of therapy. Pao, and 
P(a-a) 0. vary with Fio, and may be influ- 
enced significantly by O, consumption and 
cardiac output? Therefore, estimating 
Qsp/Qt with these measurements alone may 
be misleading? When Qsp/Qt is calculated 
directly from Cao, and Cvo, measurements 
and calculated Céo,,!9? one can determine 
whether Qsp/Qt, cardiac output, or O, con- 
sumption is primarily responsible for arte- 
rial hypoxemia. It has been thought that 
establishing an Fio, of 1 will insure that 
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Figure. Calculated mean pulmonary venous ad- 
mixture as a function of inspired O, concentration. 
Values represent mean + 2 SE of 30 observations. 
(Asterisks indicate significant difference from value 
observed at Ето, = 0.6; *p<0.05, **р<0.01, ***p< 
0.001.) 


calculated Qsp/Qt is secondary only to di- 
rect intrapulmonary right-to-left shunting of 
blood? and will not produce detrimental side 
effects if confined to brief periods of expo- 
sure. For this reason, several authors have 
recommended that pulmonary gas exchange 
be evaluated during inhalation of 100% 
О.,.11-14 


The significant decrease in Qsp/Qt which 
occurred as Fro, was increased to 0.4 may 
have been the result of 2 factors. Interstitial 
pulmonary edema may have created a rela- 
tive barrier to О, diffusion across the 
alveolar-capillary membrane. Additionally, 
areas with low V,/@ ratios will cause РАО» 
and Cco, to be lower than estimated and, 
therefore, increase Qsp/Qt during inhalation 
of room air. With increasing Fio», the ele- 
vated Po, gradient across the alveolar- 
capillary junction may promote better О, 
diffusion. Increased Fio, also will increase 
РАО» and decrease PAN, in poorly ventilated 
lung units. In both instances, Cao, will in- 
crease, lowering calculated Qsp/Qt. Since no 
significant change occurred in Qsp/Qt as 
Fio, was increased from 0.4 to 0.6, effects of 
diffusion abnormalities and areas with low 
Y 4/4 on Qsp/Qt may have been minimized. 


TABLE 2 
Cardiopulmonary Responses Measured at Various Fio? Values (Mean + SD) 


0.5 


0.4 





0.2 


(n) 


(5) 





Cardiac output, L/min 


(5) 


Heart rate, beats/min 


Pulmonary artery pressure, torr 


Pulmonary artery occlusion pressure, torr 


Systemic arterial pressure, torr 


(30) 


Arteriovenous О» content difference, 


ml/100 ml blood 
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(n) — number of patients studied. 
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Several factors may have influenced the 
increase in Qsp/Qt when Fio, was raised 
from 0.7 to 1. Absorption atelectasis and 
decreased functional residual capacity 
(FRC) may occur during inhalation of 
10095 O,.4-55.16 However, decreased FRC 
has been shown to correlate poorly with 
Qsp/Qt in some patients.17 Therefore, even 
if absorption atelectasis caused increased 
Qsp/Qt at elevated Fio, it may not 
have been the only contributing factor. 
Ramachandran and Fairley!? reported that 
5% N, added to the inhaled gas mix- 
ture will prevent absorption atelectasis. One 
might also expect PEEP to minimize the 
effects of absorption atelectasis by increas- 
ing ЕВС.+17 The Qsp/Qt of patients in 
groups B and C who were treated with 
PEEP increased by the same magnitude as 
that of the patients who did not receive 
PEEP. Therefore, increase in Qsp/Qt, par- 
ticularly Fi0,;'s of 0.8 and 0.9 may have 
been caused by factors other than absorp- 
tion atelectasis. 


West!? has suggested that there may be 
a greater increase in Qsp/Qt in response to 
increased Fro, when Pvo, is low. In this 
situation, the increased P(A-a)0. gradient 
would cause a more rapid efflux of O from 
alveoli to capillary blood. If net gas outflow 
from alveoli into capillaries exceeds gas 
inflow from the airways, alveolar collapse 
could occur. Comparison of the response of 
Qsp/Qt to increased Fro, in patients with 
low P¥o,. and in those with elevated Pvo, 
revealed no significant differences. Although 
CYo, varied widely in our patients, Pvo, 
was relatively constant (range 25 to 53 
torr). This suggests that the small differ- 
ences observed in PẸo, of 20 to 30 torr may 
be insignificant in promoting alveolar col- 
lapse with increasing PAO». 


Hypoxic pulmonary vasoconstriction is 
thought to occur in areas with low V,/@.?° 
Alveolar gas in such areas will not equili- 
brate completely with upper airway gas but 
will equilibrate with mixed-venous blood. 
Precapillary pulmonary vasoconstriction 
normally will shunt blood away from these 
units to areas with better ventilation, thus 
improving overall V,/Q.2122 When Fio, is 
increased sufficiently, Pao, will rise, PVo. 
will increase, and the degree of hypoxic 
vasoconstriction may decrease. The resulting 
increase in perfusion to areas with low 
¥,/Q could cause Qsp/Qt to increase. This 
mechanism may be responsible for the ob- 
served increase in Qsp/Qt in response to 
elevated cardiac output,??-24 since increased 
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cardiac output will cause an increase in 
Cvo. and P¥o,.*5 All our patients responded 
to increasing Fio, with an elevated Pvo;; 
therefore, the increase in Qsp/Qt also may 
have been caused by release of hypoxic pul- 
monary vasoconstriction. 


A 3rd explanation for the increased 
Qsp/Qt is extra alveolar intrapulmonary 
shunting of venous blood. Such anatomic 
shunting has been shown to occur with 
chronic obstructive pulmonary disease,?9 
and following IV infusion of epinephrine,?? 
both with radioactive tracer materials?5.29 
and histologically.?? Nomoto's group?? has 
suggested that such shunts may be respon- 
sible for hypoxemia in some critically ill 
patients with respiratory failure. 


As has been previously reported,!5 N, 
washout occurred within 15 minutes when 
Fio, was raised from 0.21 directly to 1, 
supporting the contention that PAO, was 
stable by 15 minutes when Fio, was in- 
creased by only 0.1. Therefore, a lack of 
equilibration of pulmonary capillary and 
alveolar gas tension was an unlikely source 
of variation in Qsp/Qt. There was no change 
in cardiac output, heart rate, systemic blood 
pressure, mean pulmonary artery pressure, 
or pulmonary artery occlusion pressure as 
Fio, was increased. Therefore, changes in 
Qsp/Qt could not be explained by variation 
in overall pulmonary or systemic vascular 
resistance. Erroneous assumption of a re- 
spiratory quotient of 1 could have induced 
a maximum error of +3% in calculating 
Qsp/Qt with Fio, = 0.21, and then only if 
Paco, was > 50 torr, which was not the 
case in any patient. 


Several authors!1:13.14 have advocated 
therapeutic respiratory maneuvers directed 
toward minimization of calculated Qsan/Qt 
which requires Fro, = 1. However, regard- 
less of etiology, Fio, > 0.7 caused signifi- 
cant increase in Qsan/Qt in every patient 
studied. Therefore, treatment based on 
measurement of Qsan/Qt may be directed 
at reversing a pathologic condition induced 
by measurement conditions and not neces- 
sarily by the patient's primary pathophysi- 
ologic process. For this reason, we recom- 
mend that evaluations of patients' respira- 
tory status be conducted with a clinically 
useful Fio», which, in most instances, will 
range from 0.4 to 0.6 and will minimize 
calculated Qsp/àt. 
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DISCUSSION 
E. SCOTT McCORD, M.D. 
Department of Anesthesiology 
University of Missouri Medical Center 
Columbia, Missouri 


Dr. Douglas and his group should be con- 
gratulated on this most interesting paper. 
It points out that we should never become 
too satisfied with what we think is the truth, 
for more than likely someone will eventually 
show us that it wasn’t really a truth at all. 
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In order to evaluate the ability of the 
lungs to oxygenate the blood one of the 
first steps is to measure the arterial O. ten- 
sion (Pao,). However, for this to have any 
real significance, one also needs to know 
the alveolar O, tension (PAo,). From these 
two, one can calculate the alveolar-arterial 
О» tension difference Р(А-а)о„. Even this, 
however, is not enough for thorough under- 
standing of the situation because it tells us 
only a problem with oxygenation exists but 
nothing of what the problem may be. Intra- 
pulmonary causes for an increase in 
P (4-a) 0, may stem from ап intrapulmonary 
right-to-left shunt (Qsp/Qt), ventilation/ 
perfusion maldistribution (V,/Q) and/or 
diffusion abnormalities. 


The authors undertook this study in an 
effort to either confirm or deny reports in 
the recent literature that suggest a high 
concentration of inspired O, (Fro) may in 
itself increase the intrapulmonary shunt. 
Their goal was to define in a stepwise man- 
ner the actual change in Qsp/Qt, if any, that 
takes place with a changing Fio». 


I would like to commend Dr. Douglas for 
the basic simplicity of the study. Small but 
often compounding errors are easily intro- 
duced into such studies and simplicity be- 
comes very desirable. Many of these poten- 
tial problems and sources for error have 
either been explained or otherwise account- 
ed for by the authors and need no further 
mention. A couple of points, however, may 
be made here for emphasis. 


It was stated that standard electrode tech- 
nics were used, yet one of the problems in 
comparing various investigations is the defi- 
nition of standard technic. Calibration of О, 
electrodes, handling of blood samples, and 
corrections for temperature variations in 
blood-gas and pH measurements, among 
others, seem to vary from study to study. 
Methods used to determine O, saturation 
also are of importance because of possible 
pH-independent changes in the O, dissoci- 
ation curves.! This might alter mixed ve- 
nous O, saturations if calculated from pH 
and Рўо, determinations alone. 


Several questions are raised by this study. 
One has to wonder what effect longer ex- 
posure to O, would have on pulmonary 
shunting. Wolff and associates? reported a 
greater increase in Qsp/Qt in trauma pa- 
tients exposed to an Fro, of 0.83 than in 
those exposed to only 0.4 at the end of 
48-72 hours. There were, however, no data 
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to show whether the shunt varied with time. 
Another study? revealed no change in the 
Shunt after 6-12 hours on 100% Os, but 
direct comparisons here are not possible be- 
cause it dealt with spontaneously breathing 
normal volunteers. 


Two additional questions to be answered 
include: (1) what effect the presence or 
absence of preexisting chronic pulmonary 
disease might have on Fio, and measured 
shunting, and (2) how spontaneous versus 
mechanical ventilation might affect the re- 
lationship. McAslan's group* reported re- 
sults very similar to those in the present 
study for patients without preexisting dis- 
ease but a decreased shunt for patients who 
had preexisting chronic lung disease. This 
present study was rather remarkable in re- 
vealing no significant differences between 
either age groups or the various acute dis- 
ease processes. While studying the effect of 
increasing Fio, on P(a-a)o, Cole and 
Bishop? along with others, reported an in- 
creased P(4-a)0, with an Fro, up to about 
0.4. This remained fairly constant until the 
Fio, was 0.8, at which point the P(A-a) Og 
decreased with further increases in Ко». 


On the surface, these data would appear 
to conflict with those in the present study. 
It must be remembered, however, that 
P(4-a)0, and Qsp/Qt, while often taken to 
represent the same thing, particularly with 
the Fio, is 1, are in reality not the same at 
all. At any rate, these 2 studies should not 
be compared directly because Cole and 
Bishop used spontaneously breathing nor- 
mal volunteers. Nevertheless, it would be 
interesting to know the P(a-a)o, for Dr. 
Douglas' 30 patients at each Ко». 


Whether this present paper becomes a 
definitive study, accurately describing the 
relationship between various levels of Fio, 
and pulmonary shunting, or whether it only 
defines a relationship existing between the 
patients studied under the conditions avail- 
able and the technics used, can only be an- 
swered when others attempt to duplicate 
the results and when additional populations 
are studied. The ideal will be to define that 
Fio, (or range of Fi0,) that will create the 
smallest shunt while at the same time elim- 
inate as much as possible any V,/Q disturb- 
ances. 


It would appear that Dr. Douglas has 
added significantly to our knowledge of this 
area and has pointed out quite correctly 
what probably is a multifaceted etiology of 
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the changes observed. Several unanswered 
questions remain, however, which must be 
answered before the full relationship be- 
tween Fro., pulmonary shunting, V,/Q and 
P(a-a)0. are fully defined. 
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Absence of Recall After General Anesthesia: 
Implications for Theory and Practice 


STEVEN L. DUBOVSKY, MD* 
ROBERT TRUSTMAN, PhDt 


Denver, Coloradot 


To investigate the possibility that recall of 
auditory information occurs following general 
anesthesia, letter-word pairs were presented to 
36 patients receiving light planes of general 
anesthesia for short operations. Postoperative 
testing which tapped auditory and visual mem- 
огу demonstrated no evidence of recall. In a 
subsequent study, a single word was repeated 
during brief obstetric procedures in 12 pa- 
tients. Postoperative testing was designed to 
maximize apparent recall. The only patient 
able to remember the experimental word had 


Е" since Crile! reported а patient who 
could repeat a discussion that occurred 
while she was anesthetized, there has been 
considerable controversy regarding whether 
or not the anesthetized patient can be aware 
of events occurring during surgery. It has 
recently been suggested that the advent of 
newer muscle relaxants and lighter planes 
of anesthesia have increased the likelihood of 
awareness during anesthetic procedures.?-: 
Many physicians have both hoped that opti- 
mistic remarks made during operations 
might have beneficial effects and been con- 
cerned that pessimistic remarks might have 
adverse effects on the patient's postopera- 
tive course. Case reports of physical? and 
psychologic? distress experienced by ра- 
tients who have apparently overheard dis- 
couraging remarks made during surgery 
have increased this concern. 


Since the use of interview data alone in 
uncontrolled studies has failed to provide 
good evidence of recall of information pre- 
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awakened during anesthesia. Even without the 
use of more sophisticated physiologic and psy- 
chologic measures of recall, the data present- 
ed indicate that, for all practical purposes, an 
adequately anesthetized patient does not re- 
member information presented during surgery. 
Apparent recall probably indicates inadequate 
or uneven anesthesia. Anesthetic agents may 
interfere with memory formation by altering 
brain RNA or protein synthesis or electrochem- 
ical activity, or they may produce retrograde 
amnesia. 


sented during anesthesia, attempts have 
been made to use hypnosis*:!? and physio- 
logic measures of recognition of familiar 
material!?.!! to provide evidence that mem- 
ory following general anesthesia does occur, 
even though the patient is not consciously 
aware of it. 


Wolfe and Millett!? and Hutchings!? sug- 
gested postoperative comfort to unselected 
surgical patients at the completion of their 
operation, but before they were "awake." 
They reported that many patients responded 
to these suggestions by demonstrating less 
postoperative pain, nausea, and vomiting. 
It is unlikely, however, that the patients 
were truly anesthetized when they received 
the suggestions. It is also not known if the 
patients actually experienced less postopera- 
tive discomfort or, if knowing that they 
were experimental subjects, they simply 
complained less. Nursing staff may also 
have been more solicitous of patients whom 
they knew to be experimental subjects. 


{University of Colorado Medical Center, Denver, Colorado 80220. 


Paper received: 12/1/75 
Accepted for publication: 1/6/76 


Absence of Recall .. . Dubovsky and Trustman 


Pearson!* attempted to deal with these 
questions with a double-blind placebo con- 
trol design. Patients receiving, during surgi- 
cal anesthesia, taped suggestions that they 
would be able to recover faster, were dis- 
charged 2.42 days sooner than placebo groups 
hearing music or nothing intraoperatively. 
А subsequent study of similar design, with 
the addition of electroencephalographic 
measurements to document depth of anes- 
thesia while tapes were played, failed to 
confirm Pearson’s findings.!^ 


The present study applies a double-blind 
placebo-control design to the question of 
whether material presented during general 
anesthesia can be retrieved postoperatively. 
Simple, easy-to-learn experimental material 
is presented during light anesthesia, with 
tests of recall measuring subtle evidence of 
memory. 


METHODS 

After giving informed consent, patients 
aged 18 to 55, about to undergo elective sur- 
gery under general anesthesia, were told 
that the experimenters believed that audi- 
tory information could be learned during an- 
esthesia, even though the patient remains 
asleep. It was suggested that the patients 
would be able to learn letter-word pairs pre- 
sented during anesthesia, and recognize 
them on a postoperative test. 


Eight letters chosen least frequently in 
a pilot study of letter guessing were selected 
as experimental letters. Two additional let- 
ters were arbitrarily chosen as "bogus" stim- 
uli to be presented on a postoperative recog- 
nition test, but not presented experimen- 
tally. Nouns beginning with the letters 
chosen as stimulus letters were next paired 
with these letters. Subjects in a preliminary 
Study were then asked to check from four 
choices the word that seemed to go best 
with each letter, e.g., 


Fire 
Friend 


Family 
Food 


“F” is for 


The 2 least-frequently checked words for 
each of the 8 stimulus letters (in this case, 
“Fire” and “Food”) were paired with the 
letters in 2 experimental lists of alliterative 
letter-word pairs using Evans’ method!* of 
studying sleep learning. A placebo list of 
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number-word pairs was prepared for the 
control group (table 1). 


Cassette tapes of each list, lasting 15 min- 
utes each, began with suggestions that al- 
though the patient was asleep, he would 
hear and remember the letter-word pairs on 
the tape. Repetitions of the stimuli fol- 
lowed, and the tape ended with repeated 
suggestions that the patient would remem- 
ber the material presented. The tape for 
each subject was randomly selected and giv- 
en to the anesthesiologist, who was unaware 
of its contents. 'The patient was anesthetized 
with a + L3 MAC concentration of anes- 
thetic. When the patient was judged clini- 
cally to be in a light plane of surgical anes- 
thesia, the anesthesiologist began the tape, 
which was played in its entirety through 
earphones. 


As soon after surgery as possible, recog- 
nition memory was tested by the experi- 
menters, who were unaware of the contents 
of the tape to which the patient had been 
exposed. First, the patient was reminded 
that he had been exposed during anesthesia 
to letter-word combinations which he should 
be able to remember. Next, he was asked to 
look at a randomized alphabet and. check 
any letters he thought he heard while anes- 
thetized. At the same time, a tape recording 
of the same voice as that used during anes- 
thesia read each letter in the sequence 
viewed by the patient, to aid auditory rec- 
ognition. 


Finally, the patient was presented with 
10 separate pages, each containing a letter 


TABLE 1 


Paired Associates Presented During 
Anesthesia 


List 1 list 2 list 3 





G is for Game > Gis for Glass 115 for Joy 
2 is for Room 
3 is for Book 


4 is for Water 


S is for Street 5 is for Sugar 
H is for Health H is for Hat 
F is for Food F is for Fire 


M is for M is for 
Market Measure 


E is for Effort E is for Ear 
L is for Line L is for Letter 
N is for North N is for Nest 


Lists 1 and 2 were presented to Experimental Groups 
I and IJ. 


List 3 was presented to Placebo Group III. 


5 is for Table 
6 is for Car 
7 is for Idea 
8 is for Uncle 
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and 4 words, and was asked to check the 
word he thought was paired with the letter 
presented during anesthesia. Again, a re- 
cording of the same voice played each choice 
aloud as the subject viewed it on the check- 
list. After each response, the subject stated 
his degree of certainty regarding his re- 
sponse using a 1-to-4 scale.!9 Two letter- 
word combinations not presented during an- 
esthesia ('bogus" letters and words) were 
included to correct for guessing. 


If retention and recognition of these stim- 
uli had occurred, patients in experimental 
groups I and II would check more of the 8 
experimental letters than did subjects in 
group III (placebo-control group). Subjects 
in group I would select more words from list 
1 than subjects in group П or III. Subjects 
in group II would select more words from 
list 2 than subjects in group I or III. And 
subjects in groups I and II would express 
less certainty in choosing "bogus" words 
than words from their respective lists. 


RESULTS 
Most of the 36 patients underwent brief 
obstetric procedures, carried out under light 
anesthesia (table 2). Preoperative medica- 
tion was atropine with or without diazepam 
in all patients. 


Mann-Whiteney U tests!" were calculated 
to compare recognition of letters and words 
presented during anesthesia vis-a-vis type 
of anesthetic received. 'These yielded U 
values of 36 for letter recognition and 33 for 
word recognition (not statistically significant 
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tion of letters (г, = +0.31; p=ns) and words 
(r,— +0.42 and 0.12 for groups I and I; 
p=ns) presented during anesthesia. 


On postoperative testing of letter recog- 
nition, the experimental groups failed to 
surpass the control group in number of ex- 
perimental letters checked (Н 3.72; pns) 
suggesting that they did not recognize let- 
ters presented during anesthesia. In the 
selection of words from lists 1 and 2 by each 
group, group I did not recognize words from 
list 1 more frequently than group II or III, 
and group II did not recognize words from 
list 2 more frequently than group I or III 
(table 3). This is confirmed by simple anal- 
ysis of variance of these scores (table 4). 
Subjects in groups I and II were therefore 
unable to recognize words presented to them 
during anesthesia more frequently than sub- 
jects who did not hear these words. 


Subjects in the experimental groups were 
then compared for the average certainty 
they expressed in choosing relevant experi- 
mental words (list 1 for group I; list 2 for 
group II) versus bogus words on the post- 
operative recognition test. They expressed 
significantly higher average certainty on 
bogus items, and were not more certain in 


TABLE 3 


Number of Words from Lists 1 and 2 
Chosen by Experimental and 
Control Subjects 

















by 2-tailed test). Therefore, the type of an- SUE. beber Aui. MD 
esthetic received did not significantly influ- е SM к Жы iii 
ence apparent postoperative recognition of Words group group! group 11 (control) 
material presented during anesthesia. There Tisti words 96 20 21 24 
was also no relationship between time-until- ў 
testing and apparent postoperative recogni- List 2 words 96 21 17 21 
TABLE 2 
Procedures and Anesthetic Agents 
Procedure Anesthetic agents 
Total Brief Abdominal Orthopedic Halothane  Thiopental — Enflurane 
Group number OB-Gyn* procedures} procedures? апа МО апа МО апа N20 
Experimental group (1) 12 8 3 1 7 4 1 
Experimental group (II) 12 10 1 1 6 5 1 
Control group (III) 12 8 4 — 7 3 2 
Total 36 26 8 2 20 12 4 


*Dilatation and curettage, tubal ligation, cesarean section, therapeutic abortion, hysterectomy. 
iSplenectomy, nephrectomy, cholecystectomy, herniorrhaphy. 


tInsertion of Zickel nail, removal of Küntscher rod. 
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TABLE 4 


Simple Analysis of Variance Comparing Groups on Number of Words 


from List 1 and List 2 Chosen Postoperatively 
———— « tunc dec ecd dinero К ыны ы PP cR RECEN RUNE 





List Source SS df ms F b | 
List1 Total 45.64 35 | | nd 
Between groups 0.72 2 0.36 0.26 ns 
Within groups 44.92 33 1.36 
List 2 Total 40.31 35 
Between groups 0.89 2 0.45 0.38 ns 
Within groups 39.42 33 1.19 


their choice of relevant experimental items 
(sign test [2-tailed] = 0.96 [negative com- 
parisons] and 0.008 [positive compari- 
sons]; p= <.05 for choice of bogus items). 
Groups I and II did not surpass controls in 
high-certainty selection (table 5). 


Additional Study. — To investigate the 
possibility that too many stimuli were pre- 
sented for anesthetized subjects to process, 
an additional study was devised presenting 
only 1 stimulus word. A tape beginning with 
the suggestion that the patient would remem- 
ber the word that followed was presented 
to 12 patients undergoing D & C or tubal 
ligation. Next, the word "salami" was re- 
peated every 5 seconds for 5 minutes, every 
30 seconds for another 5 minutes, then again 
every 5 seconds for the remainder of the 
tape (total=12 minutes). Postoperative re- 
call was tested within 24 hours. Subjects 
were asked to choose the word they had 
heard during anesthesia as they looked at 
a list of 10 possible choices designed to max- 
imize recognition of the experimental word 
and heard each word repeated on a tape re- 
corder by the experimental voice. 


Eleven subjects did not recognize the ex- 
perimental word. The 12th subject said, 
“Don’t even show me the choices: the word 
was ‘salami.’ " She remembered awakening 
during anesthesia, and her anesthesiologist 


TABLE 5 


Comparison of Words Chosen with High 
Certainty by Experimental and 
Control Groups 


Group Group Group 





list i n ш H* P 
List l words 1 9 7 5.45 ns 
List2 words 2 7 7 2.40 ns 


*Kruskal-Wallis analysis of variance by ranks. 


reported that in the middle of the procedure, 
she had opened her eys and winked at him. 
Our only evidence for postoperative recall 
occurred in a patient who was not fully 
anesthetized! 


DISCUSSION 

Although the patients were presented with 
simple stimuli, and strong suggestions were 
given that they would be able to remember 
the stimuli, they were not strongly motivated 
to do so. Learning under any circumstance 
is known to be facilitated by motivational 
factors!’ such as hunger.!? It is also well 
known that information which is meaning- 
ful?" and is associated with strong. emo- 
tion!*.!? is easier to remember. Meaningful, 
emotionally laden words occurring in the 
context of a motivational state (the wish to 
get well) might well be more likely to be 
remembered. While the creation of bogus 
“crises” during operation in one study?? sat- 
isfied these conditions, good controls are im- 
possible to devise, and serious ethical diffi- 
culties are created.? Apparent recall of emo- 
tionally laden words or words of particular 
significance to the patient, such as names of 
family members, would be complicated by 
the probability that patients would be ex- 
posed to them perioperatively. 


Our method of testing memory needs also 
to be carefully considered. Although recog- 
nition memory is a sensitive measure of 
recall,!?!9 auditory stimuli may influence 
a patient even though he does not remember 
them consciously.?.*? It is possible that 
hypnosis, which is said to be a tool for re- 
covering such unconscious memories?:4.9.11,21 
and has been used in studies of apparent 
recall following anesthesia,? would have pro- 
vided evidence of recall. The use of hypno- 
sis as an adjunctive investigative tool, how- 
ever, raises the possibility that the hypnotist 
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is suggesting the correct answer to the sub- 
ject subliminally, complicating interpreta- 
tion of the data. Also, not all patients are 
equally hypnotizable and differences in ap- 
parent recall may reflect differences in 
depth of hypnosis during testing. 


An even more elegant method of testing 
unconscious recognition of significant infor- 
mation employs the observation that heart 
rate decreases when attention is directed to 
a familiar or important stimulus, even when 
there is no verbal report of recognition of 
the stimulus.!° Measuring heart rate ог 
some other physiologic measure of atten- 
tion® might have provided some evidence of 
postoperative recall. However, the interpre- 
tation of such measures would be compli- 
cated by the physiologic effects of the anxi- 
ety of hospitalization and surgery and of 
various medications. 


A final possibility is that the anesthetized 
state has cueing properties which need to 
be reintroduced to truly test recall.?? If such 
state-dependent learning?* did occur, the 
patient would only recall stimuli presented 
during anesthesia while under repeated anes- 
thesia. Even if this were possible, it would 
be difficult to demonstrate and would not 
be of clinical importance. 


We used methods which maximize learn- 
ing and recognition. The one patient who 
was not fully anesthetized showed obvious 
learning and instantaneous recall of the 
test word, in spite of the distractions of the 
operating room. Despite the objections dis- 
cussed above, our measures are probably the 
best available for clinically practical pur- 
poses. 


The Psychobiology of Postanesthetic Am- 
nesia.—-The 2-stage theory of memory, first 
proposed by Hebb,? holds that memory 
traces are laid down in the form of short- 
term reverberatory electric circuits which 
may, during the process of consolidation, be 
fixed to produce long-term memory. The 
process by which permanent memory traces 
(“engrams”) are formed has been said to 
involve DNA-dependent RNA or protein 
synthesis!?2* changes in brain biogenic 
amines,? synaptic changes in memory cir- 
cuits,? the formation of permanent rever- 
berating electric circuits,!?.23 and structural 
or functional growth of neuronal and glial 
elements throughout the brain.!? Anesthesia 
may act at one or many of these loci. 


Anesthetic agents might interfere with the 
formation of the engram by blocking RNA 
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synthesis. This has been shown in the rat 
to interfere with ongoing learning without 
disrupting previously learned behavior.?: 
Ether has been shown to produce “localized 
seizures” which may interfere with short- 
term memory consolidation in animals.!*-?5 
A similar mechanism in man may interfere 
with the storage of information as cerebral 
electrical асійуіёу,18:19 and many anesthetics 
have in fact been shown to depress EEG 
activity.?? Anesthesia may also interfere 
with reverberating circuits by blocking poly- 
synaptic transmission,!® or it may discon- 
nect the limbic-system and RAS input 
which add significance to information to be 
stored.!? Indeed, “some of the experiments 
using anesthetics . . . confirm that interrup- 
tion of brain activity (electrical or chemi- 
cal) shortly after a learning experience im- 
pairs the memory of that experience." 73s 
Atropine!? and other anticholinergics,!? and 
other premedicants, especially diazepam,!? 
may further disrupt memory consolidation 
by altering electrocortical activity in as-yet- 
unknown ways. 


Most studies of the effects of drugs on 
memory have been carried out in animals,!* 
and the possibility that anesthetics inter- 
fere with retrieval of complex information 
in man is difficult to assess. It has been 
shown, however, that a variety of agents, 
including barbiturates, ether, transcortical 
electric shock, and flurothyl produce retro- 
grade amnesia for conditioned responses in 
animals.!8 It is possible that learning in 
man may occur during anesthesia, but that 
the information learned is then unavailable 
or forgotten. 


CONCLUSIONS 

Whatever the possible mechanism of ac- 
tion, our findings suggest that recall follow- 
ing anesthesia does not occur. Many of our 
patients received light anesthesia of brief 
duration without evidence of recall. The fact 
that only a patient who was not fully anes- 
thetized demonstrated unequivocal recall 
leads us to suspect that in previous studies 
which have demonstrated apparent recall 
following anesthesia, experimental material 
was presented when the patients were not 
truly anesthetized. It would be wise to bear 
in mind that many drugs used as adjuncts 
to general anesthesia, such as droperidol,?* 
may disrupt the patient's initiative to com- 
plain, making him appear to be anesthe- 
tized even though he is awake. Patients 
experiencing such “cerebral curarization”?* 
would of course remember and react to in- 
formation presented during surgery. 
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The clinical implications of our findings 
are apparent. If care is taken that patients 
are fully anesthetized, discussion of clinical 
aspects of the patient's case in the operating 
room need not be curtailed, and attempts 
at promoting healing through verbal sug- 
gestion during surgery will probably not be 
successful. Evidence of apparent recall fol- 
lowing anesthesia should alert the physi- 
cian to the possibility that his patient has 
not been truly anesthetized, that a fluctuat- 
ing depth of anesthesia is resulting in inter- 
mittent alertness, or that he is making re- 
marks either before the patient is anesthe- 
tized or after he is awake. 
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Effect of Morphine-Diazepam on Signs of Anesthesia, 
Awareness, and Dreams of Patients Under №0 for 
Cesarean Section 


EZZAT ABOULEISH, MB, BCh, MD* 
FLOYD H. TAYLOR, ScD} 


Pittsburgh, Pennsylvania 


Morphine (0.2 mg/kg) and diazepam (0.1 mg/ 
kg) were injected IV after delivery of the 
fetus in 68 parturients undergoing cesarean 
section (CS). General anesthesia was with thi- 
amylal-N,0-O2 (4:2) and muscle relaxant. 
Twenty-four to 36 hours postoperatively, 1 
patient had recall, 1 had unpleasant dreams, 
and 2 had pleasant dreams. The incidence of 
recall and unpleasant dreams was 3.8 percent 


WARENESS, pain, and/or unpleasant 

dreams constitute undesirable side ef- 
fects of light anesthesia (USELA). The 
incidence of USELA during N.O-O.-muscle 
relaxant anesthesia for cesarean section 
(CS) is 36.1 percent in elective and 17.3 
percent in emergency CS. To reduce 
USELA, various measures have been at- 
tempted: injection of 0.6 mg of IV hyoscine 
before induction, or adding halothane,? 
methoxyflurane,‘ or trichloroethylene? to 
N,0-O,. The combination of morphine and 
diazepam to supplement N,O was also found 
to have amnesic effects in male surgical 
patients." The purpose of our study was 
to evaluate such a combination in cesarean 
section. 


METHODS 
Since the incidence of USELA using N,O 
alone is high and well documented, it was 
considered unfair to subject more patients 
to such a technic. Therefore, in this study, 
Wilson's series! was used as the control. 
This study group consisted of 68 patients 


in elective CS and 0 percent in emergency 
cesareans. Morphine-diazepam combination 
caused anterograde and retrograde amnesia. 
During the cesarean, movement of patient, size 
of pupils, or changes in blood pressure were not 
indicative of awareness or dreams. During 
anesthesia, 33 percent О» produced adequate 
oxygenation of mother and fetus. 


undergoing cesarean deliveries, 53 of which 
were elective, under general anesthesia, Pa- 
tions having had a narcotic within 6 hours, 
with respiratory or valvular cardiac dis- 
ease, or a history of alcohol or drug addic- 
tion were excluded from the study. 'The pos- 
sibility of awareness or dreams during the 
procedure was not discussed preoperatively 
with the patient, to eliminate suggestion and 
expectation, and no premedication was ad- 
ministered. 


On arrival in the operating room (OR), 
an IV cannula was inserted in the patient's 
hand or forearm and an infusion was started. 
Blood pressure (BP) and pulse rate were 
measured, left uterine displacement device 
was placed, an ECG monitor was applied, 
and O, by facemask was administered. Two 
minutes before induction, 0.4 mg of atro- 
pine and 3 mg of curare were injected. Just 
before abdominal incision, anesthesia was 
induced by 4 mg/kg of thiamylal, cricoid 
pressure was applied, and 1.5 mg/kg of suc- 
cinylcholine chloride (SCC) was injected, 
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Obstetric Anesthesia, Magee-Womens Hospital, Pittsburgh, Pennsylvania 15213. 
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followed by endotracheal intubation with a 
cuffed tube. Anesthesia was maintained un- 
til the end of operation with N,O-O. (67:33) 
plus muscle relaxant. Fio, was continuous- 
ly monitored using an IL 404 Oxygen Alarm 
-System,* and ventilation was manually con- 
trolled. The muscle relaxants used were 
SCC in 43, curare in 22, and pancuronium 
in 3 cases. 


Immediately after delivery, 0.2 mg/kg of 
morphine and 0.1 mg/kg of diazepam were 
separately administered to a maximum of 
15 and 7.5 mg respectively by injection into 
the tubing of rapidly administered 5 per- 
cent dextrose solution containing 10 units 
of oxytocin per liter. 


At the time of delivery, maternal arterial 
and fetal umbilical-vein blood gases were 
determined in 25 cases. Unless the BP and/ 
or pulse changes required minute-to-minute 
surveillance, they were checked and record- 
геа every 5 minutes. BP was measured by 
indirect auscultation and pulse rate was 
‘counted at the brachial artery. Any move- 


; ment of the patient, the surgical step at 


which movement occurred and the part of 
the body moved, and the size and reaction 
of the pupils before and after administra- 
tion of morphine-diazepam, were recorded. 


At 24 to 36 hours postoperatively, patients 
were asked: (1) What was the last thing 
you remember before going to sleep? (2) 
What was the first thing you remembered 
on waking? (3) Do you remember anything 
between going to sleep and waking? (4) 
While you were sleeping, during the opera- 
tion, did you dream? If yes, was the dream 
pleasant, unpleasant, or indifferent? (5) Do 
you usually remember your dreams vividly? 
(6) Have you ever had experience with al- 





*Sensorlabs, Division of Instrumentation Labora- 
tories, Inc, Lexington, Massachusetts. 
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cohol? If yes, was the experience pleasant, 
unpleasant, or indifferent? (7) Have you 
ever had experience with drugs, such as 
LSD, "speed," Marijuana, etc? Was the 
experience pleasant, unpleasant, or indiffer- 
ent? (8) If you must have another opera- 
tion, would you like the same anesthetic or 
not, and why? 


RESULTS 


None of the 15 emergency patients had 
any recall or dreams during CS. In the 53 
elective cases, 1 patient reported painless 
awareness of the abdominal incision, 1 had 
unpleasant, and 2 had pleasant dreams. 
Thus, the total number of patients having 
USELA was 2 (3.8%), a statistically sig- 
nificant (p>0.01) reduction over Wilson’s 
series! (table 1). 


Owing to difficulty in intubation, the in- 
duction-incision and induction-delivery 
times were much prolonged in patients with 
USELA compared with those who had no 
recall (table 2). However, the duration of 
operation in both groups was not markedly 
different. 


During operation, 45 patients moved, of 
whom 42 had no recall, 2 had USELA, and 
l reported pleasant dreams. There was no 
correlation between the incidence of move- 
ment and the type of muscle relaxant. Under 
SCC drip, there was no specific surgical step 
at which patients moved. When a nonde- 
polarizing muscle relaxant was used instead, 
75 percent of the patients moved during 
closure of the subcutaneous tissue or skin. 


During CS, there was no change їп BP 
equal to or more than 50 percent of the 
original level. In 52 cases, BP changes 
were less than 25 percent. While 8 patients 
showed a 25 percent rise of BP, yet another 
8 had more than 25 percent fall, mostly 


TABLE 1 


Awareness and Unpleasant Dreams in Cesarean Section with 
Morphine-Diazepam Supplementation of N,O Anesthesia 








Elective CS Emergency CS Total CS 
Wilson's Wilson's Wilson's 
series! Study series? Study series? Study 
Number of patients 61 53 15 15 136 68 
Incidence of 
Awarness or pain (5) 16.4 1.9* 4.0 0* 9.6 1.47* 
Unpleasant dreams (56) 19.7 1.9* 13.3 0* 16.2 1.47* 
USELA (%) 36.1 3.8* 17.3 0* 25.8 2.9* 


*Significantly different (p<0.01). 
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TABLE 2 
Time Relationships of Awareness and Procedures 
(zx: SEM) 
Induction-incision time* Induction-delivery time* Duration of 
Mean Mean Operation* Mean 
No awareness, n = 64 2.6 11.4 71.5 
(+0.2) (+0.8) (+5.1) 
USELA 
Aware, п == 1 7.0 36.0 77.0 
Unpleasant dream, п — 1 5.0 25.0 70.0 
Pleasant dreams, n == 2 2:5 13.0 60.5 
(+0.5) (2.0) (36.5) 
*Minutes. 


n = number of patients in each group. 


after IV diazepam, morphine, and oxytocin 
drip. 


During operation, the pupils of all pa- 
tients were reactive to light: the more di- 
lated the pupils, the more brisk the reaction. 
Before morphine-diazepam injection, 44 pa- 
tients had dilated pupils. After morphine- 
diazepam administration, 9 patients, who 
had no recall or dreams, continued to have 
dilated pupils. 


There was no apparent correlation be- 
tween USELA and patient physical status, 
vivid remembrance of dreams, or experience 
with alcohol or drugs. 


All patients recalled the events occurring 
in the OR before induction. Although 85 
percent answered questions rationally before 
leaving the OR, only 9 percent remembered 
events before reaching the recovery room. 
The first event recalled by 65 percent of 
the mothers was related to their babies, e.g., 
sex and/or weight of the baby. Sixty-five 
patients considered recovery from anesthe- 
sia to be pleasant and smooth; 2 complained 
of abdominal pain and sore throat, and 63 
(9395) would like to have the same anes- 
thetic procedure if another operation is 
needed. There were no signs of maternal hy- 
poxia, and the condition of the baby was 
dependent on its preoperative state rather 
than on the anesthetic technic. 


DISCUSSION 

An early report? described the use of 
diazepam for CS as disappointing. Preopera- 
tive oral and IM diazepam administration 
increased the incidence of USELA. A later 
study? reported that the preoperative ad- 
ministration of diazepam, narcotic, and/or 
scopolamine produced adequate amnesia, 
but the combination of the 3 drugs produced 


marked respiratory and circulatory depres- 
sion. However, in our study, using only 2 
drugs, diazepam and morphine, in the rec- 
ommended dosage, no patient required post- 
operative ventilatory assistance. In fact, 
most were able to move themselves from the 
operating table to the recovery room bed. 


The absence of significant cardiovascular 
depression due to morphine-diazepam was 
evidenced by the limited number of cases 
that showed hypotension despite the inclu- 
sion of emergency cases, and the limited de- 
crease in BP despite the use of oxytocin. 
'The safety of the use of morphine-diazepam 
in poor-risk surgical patients has also been 
reported.* Diazepam has been shown to re- 
sult in anterograde amnesia by accelerating 
decay of the memory trace, thus impairing 
its consolidation.!?.!! From our study, diaze- 
pam together with morphine give both an- 
terograde and retrograde amnesia. 


One of the reported disadvantages of di- 
azepam is venous thrombosis at the site of 
injection.!? 'The absence of such a complica- 
tion in our series may be due to the injec- 
tion of 2.5-mg increments of diazepam into 
a rapidly infused solution. The vasodilative 
action of oxytocin!? may have been a con- 
tributing factor against venous thrombosis. 
At term, the minimal alveolar concentration 
(MAC) of inhalation anesthetics is reduced 
by 25 to 40 percent.!* Since both diazepam 
and morphine reduce the MAC of general 
anesthetics,*!? the use of morphine-di- 
azepam during CS could have decreased 
USELA by further reducing the MAC of 
М.О. 


With increasing concentration of N.O, 
spontaneous movements began at a concen- 
tration of 60 percent and increased with 
higher concentrations.!? In our study, there 
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was no apparent correlation of movement 
with awareness, pain, or dreams, but rather 
with the degree of paralysis. Neither changes 
in BP nor pupil size were indicative of 
awareness or dreams. Our conclusion is that 
these changes are autonomic in origin, de- 
termined by the tone of the autonomic ner- 
vous system, modified by drug administra- 
tion, and should not be relied on for evalu- 
ating the depth of anesthesia during М.О 
administration. 


The level of thiamylal in maternal blood 
falls steeply during the first 4 minutes fol- 
lowing an IV bolus of 4 mg/kg.!9 During 
that period, there must be a buildup of a 
sufficient concentration of inhalation agent 
to take over from the waning effect of the 
agent. If intubation is difficult and induc- 

;tion time is prolonged, as occurred in 2 of 
Our patients, awareness may occur. There- 
vfore, with such difficulties, a second 1.3- 
mg/kg dose of thiamylal is advisable, and 
N,O-O, should be administered for about 2 
minutes before incision. 'The combination of 
these 2 doses of thiamylal has no depressant 
“effect on the fetus.!? 


As reported above, the first event recalled 
by most mothers during recovery from anes- 
thesia concerned their babies. The auditory 
and visual information of high emotional 
content results in memory consolidation to 
permit recall.2° The only patient who had 
complete amnesia of her stay in the recov- 
ery room had her baby placed for adoption. 


ACKNOWLEDGMENT 


We thank Miss Lois Sprague and Miss 
Kathy Kutzavitch for secretarial assistance. 


REFERENCES 


1. Wilson J, Tumer DJ: Awareness during 
caesarean section under general anaesthesia. Br 
Med J 1:280-283, 1969 


2. Crawford JS: Awareness during operative 
obstetrics under general anaesthesia. Br J Anaesth 
43:179-182, 1971 


3. Moir DD: Anaesthesia for caesarean section: 
an evaluation of a method using low concentrations 
of halothane and 50 percent of oxygen. Br J Anaesth 
42:136-142, 1970 


705 


4. Crawford JS, Burton M, Davies P: Anaes- 
thesia for section: further refinements of a technique. 
Br J Anaesth 45:726-732, 1973 


5. Crawford JS, Davies 
chloroethylene for obstetric 
Anaesth 47:482-490, 1975 


P: A return to tri- 
anaesthesia. Br J 


6. Eisenberg L, Kwan AM: Neuroleptanaes- 
thesia with diazepam-morphine in poor-risk surgical 
patients. Can Anaesth Soc J 18:465-472, 1971 


7. Eisenberg L, Taub HA, Burana A: Memory 
under diazepam-morphine neuroleptanesthesia in 
male surgical patients. Anesth Analg 53:488-495, 
1974 


8. Turner DJ, Wilson J: Effect of diazepam 
on àwareness during caesarean section under general 
anaesthesia. Br Med J 2:736-737, 1969 


9. Pandit SK, Dundee JW, Keilty SR: Amnesia 
studies with intravenous premedication. Anaesthesia 
26:421-428, 1971 


10. Clark PRF, Eccersley PS, Frisby FP, et al: 
The amnesic effect of diazepam (Valium). Br J 
Anaesth 42:690-697, 1970 


11. Grove-White IG, Kelman GR: Effect of 
methohexitone, diazepam and sodium 4-hydroxy- 


butyrate on short-term memory. Br J Anaesth 43: 
113-116, 1971 


12. Padfield A: Thrombosis following diazepam 
(correspondence). Br J Anaesth 46:413, 1974 


13. Johnstone M: 'The cardiovascular effects of 
oxytocic drugs. Br J Anaesth 44:826-834, 1972 


14. Palahniuk RJ, Shnider SM, Eger EI II: 
Pregnancy decreases the requirement for inhaled 
anesthetic agents. Anesthesiology 41:82-83, 1974 


15. Perisho JA, Buechel DR, Miller RD: The 
effect of diazepam (Valium) on minimum alveolar 
anaesthetic requirement (MAC) in man. Can Anaesth 
Soc J 18:536-540, 1971 


16. Tsunoda Y, Hattori Y, Takatsuka E, et al: 
Effects of hydroxyzine, diazepam, and pentazocine 
on halothane minimum alveolar anesthetic concen- 
tration. Anesth Analg 52:390-394, 1973 


17. Fraioli RL, Sheffer LA, Steffenson JL: The 
MAC equivalent of morphine. American Society of 
Anesthesiologists, Abstracts of Scientific Papers, 
1973, p 253 


18. Parbrook GD: The levels of nitrous oxide 
analgesia. Br J Anaesth 39:974-982, 1967 


19. Kosaka Y, Takahashi T, Mark LC: Intra- 
venous thiobarbiturate anesthesia for cesarean sec- 
tion. Anesthesiology 31:489-506, 1969 


20. Cherkin A, Harroun P: Anesthesia and mem- 
ory processes. Anesthesiology 34:469-474, 1971 


706 


ANESTHESIA AND ANALGESIA . . . Current Researches Vou. 55, No. 5, Sepr.-Ocr., 1976 


Relation of Paco, to Fresh Gas Flow in a Circle System 


KANCHAN PATEL, MD* 
EDWARD J. BENNETT, MD} 
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Chicago, Illinois | 


Recent reports have described methods of con- 
trolling the level of CO; during anesthesia with 
a N;O-relaxant sequence and controlled ven- 
tilation. This paper describes a method of pre- 
dicting and controlling the Pacoz, using body 


HERE is a tendency to use the terms 

hypocapnia and hyperventilation synon- 
ymously,! but the terms are not quite the 
same. It is possible to overventilate a per- 
son with a mixture containing СО», with 
resultant hypercapnia. Thus, hyperventila- 
tion can be defined more accurately as pul- 
monary ventilation in excess of that re- 
quired to keep blood Paco, within desired 
limits. 


The dangers of mechanical ventilation of 
the paralyzed patient are those of underven- 
tilation or overventilation and hypercapnia 
or hypocapnia. Because the problems of 
hypercapnia are well appreciated, there is a 
tendency to overventilate; the result usually 
is an undesirable and even detrimental de- 
gree of hypocapnia. The ideal appears to be 
{о keep Paco, in the low normal range, 
35 to 40 torr. 


The purpose of this study was to deter- 
mine whether Paco, could be controlled 
easily and simply by limiting the fresh gas 
flow (FGF) into a circle system without 


* Assistant Professor. 
Professor. 
tAssistant Professor. 


$Assistant Professor. 


weight for determination of the fresh gas flow 
from the anesthetic machine, removing the 
absorbent from the canister while leaving the 
canister in the circuit, and controlling ventila- 
tion at 12 ml/kg and at 12/min. 


soda lime in the absorber, thus controlling 
Paco, independently of ventilation. 


A recent report showed that Paco, could 
be accurately predicted and controlled by 
using the Nunn blood-gas predictor, setting 
the FGF at the same numerical value as the 
predicted alveolar ventilation (V,) to ob- 
tain the required Расо,.2 In the present 
study, FGF was related to body weight, 
with the amount of mechanical ventilation 
always kept in excess of ЕСЕ? Under these 
circumstances, CO, elimination from the 
whole circuitry (patient + anesthetic sys- 
tem), was through the exhaust valve and at 
a rate proportional to the FGF from the 
machine.? 


METHODS 


Patients (table 1) were selected from the 
elective schedule for major abdominal oper- 
ations. Most were in ASA categories I-II, 
and informed consent was obtained. Arterial 
cannulation was employed for monitoring 
during the study. Premedication consisted 
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TABLE 1 
Patient Data 
Number of patients 28 
Male 15 
Female 13 
Age 
Mean 54 yr 
Range 15-80 yr 
Weight 
Mean 70 Ке 
Range 40-96 kg 


of atropine with morphine, diazepam, or hy- 
droxyzine IM 45 minutes before induction. 
Anesthesia was induced with a hypnotic 
‘dose of sodium thiopental followed by 190 
mcg/kg of pancuronium and controlled ven- 
- tilation was with №0 60 to 70 percent in O.. 
Following topical anesthesia of the larynx 
апа trachea, patients were intubated endo- 
tracheally with a snug-fitting cuffed plastic 
disposable tube. Ventilation was then insti- 
tuted with a bellows-type mechanical ven- 
tilator (Air Shields Ventimeter?) . The tidal 
volume (V4) was set at 12 ml/kg at a 
respiratory rate of 12/min. Vp and minute 
volume (Vg) were checked frequently on 
the expiratory side with a Wright respirom- 
eter, which was not left in the circuit. Anes- 
thesia was supplemented with droperidol 
and fentanyl as indicated by the patient's 
vital signs. 


The circle system was used without soda 
lime in the cannister but with the cannister 
left in the circuit. The FGF into the cir- 
cuit and the spill valve for excess gases were 
separated from the patient by the inspira- 
tory and expiratory valves. 


After 30 minutes with any FGF, blood 
gases were checked on an Instrumentation 
Laboratories IL 313 Blood Gas Analyzer, 
calibrated before every reading, and ana- 
lyzed by the same technician using the same 
collection technic for each analysis. Fio, 
was monitored with a Teledyne® O, analyzer 
and kept constant throughout the procedure 
at 0.3 or 0.4, whichever was more appro- 
priate. Keeping the ventilation constant, 
FGF was progressively lowered from 120 to 
100, to 80, 60, and then 40 ml/kg/min. At 
each setting, 30 minutes was allowed for 
establishing a steady state; then measure- 
ments were taken as before. At the end of 
this part of the investigation, V varied from 
half to double that used earlier but was 
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always greater than FGF, and blood gases 
were determined as before. 


For full utilization of FGF, Y must ex- 
ceed FGF, to prevent possible reduction of 
V. to where dead-space gas ventilation 
would result. In this study, to determine 
the role of У, the rate and volume of ven- 
tilation were altered between 50 and 200 
percent of those used earlier, with V. always 
>d ml/kg. 


RESULTS 
At the range of gas flow tested (120 to 
40 ml/kg/min), Paco, ranged from 29.1 + 
3.4 to 46.2 + 4.6 (table 2 and figure) and 
Pao. from 125 to 135 torr. The amount of 
ventilation did not change the readings ob- 
tained for Расо,. Several different ventila- 


tors were used; results were similar so long ^ 


as the ventilator was of the type colloquially 
termed an "automatic bag squeezer." 


DISCUSSION 
It has been predicted? that Paco, would 
be determined by the FGF into the particu- 
lar anesthetic circuitry rather than by Уу, 


TABLE 2 


Fresh Gas Flow Related to 
Blood-Gas Tension 





Fresh gas flow, Расоз mean + 1 50 Poos, 





ml/kg/min torr torr 
120 — 291234 125 
100 31.3 + 3.1 114 
80 344 + 3.1 133 
60 38.4 + 3.3 134 
40 46.2 + 4.6 135 
10 L/min 26.8 + 3.0 134 
FGF vs Ро Со, 
@ 5 CO; Abs 
п=28 
50 MEAN + ISD. 
45 
„40 
Ө 35 
2 30 
25 $ 
20 MM 
40 6080 100120 , 10. L/ Min. 


FGF cc/kg 


FicumE. Relation of Paco, to fresh gas flow from 
machine. 
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even though the latter would be vital to 
proper ventilation. When closed-circle sys- 
tems used cyclopropane or halothane, hyper- 
ventilation was avoided. But current tech- 
nics employing М.О supplemented by relax- 
ants and narcotics require controlled ven- 
tilation. 


In FGF into a semiopen system, using a 
Mapleson D modification, the flow needed 
for normocarbia was 100 ml/kg/min.* Using 
a Bain circuit, a flow of 70 ml/kg/min re- 
sulted in a Paco, of approximately 40 torr, 
provided the V, was higher than the ЕСЕ. 
At a V4 of 10 ml/kg, a slightly lower Paco; 
was achieved in another study with the Bain 
circuit (36.6 огт) & and the same flow rate. 
In yet another study,? using the Nunn 
blood-gas predictor, an instrument that pro- 
vides data for CO, production and respira- 
tory quotients under anesthesia,’ FGF was 
set at the same numerical value as the pre- 
dieted Y, to obtain normocarbia. 


The concept that FGF from the machine 
determines Paco, has been developed fur- 
ther in that, under conditions of rebreath- 
ing, hyperventilation cannot alter the alve- 
olar gas composition, which is determined 
by gas exchange, flow rate, and the composi- 
tion of the fresh gas.? 


Results from the present study will be 
valid if the FGF and the spill of excess 
gases are separated from the patient by the 
inspiratory and expiratory valves, and if V4 
is not reduced below 5 ml/kg. The FGF 
shown does not appear to change with the 
respiratory status of the patient in the level 
of Paco, obtained, although O, will be 
affected. 'This type of control of Paco, will 
allow the Рао, Расо, and the pattern and 
type of ventilation to be varied independent- 
ly of one another and tailored to suit the 
particular requirements of individual pa- 
tients, 


A problem of controlled ventilation dur- 
ing N,O anesthesia has been that reducing 
the ventilation in order to lessen the degree 
of hypocapnia also tends to reduce Pao, 
levels. The other methods of increasing 
Paco, by adding dead space or by adding 
CO, to inspired gases do not appear to be 
widely used. Thus a method of predicting 
Paco, and then controlling it during anes- 
thesia appears useful. 
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Removal of the СО, absorbent from the 
circuit (or elimination of the CO, absorber 
circuit in machines so equipped) will allow: 


1. Better control of Paco, by varying 
FGF 


No inhalation of dust (soda lime)!” 
No absorber exhaustion 


No problem of soda lime/agent incom- 
patibility 


5. No bacterial colonization!! 
6. No added resistance in the cricuit 


If, at any time, the limitation of gas flow 
is deemed unsuitable, the circle can be tem- 
porarily converted to a virtual nonrebreath- 
ing circuit by increasing the FGF. 
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А Comparative Interaction of Epinephrine with Enflurane, 
isoflurane, and Halothane in Man 
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CHARLES WILSON, МО{ 


San Francisco, California§ 


Forty-eight patients undergoing transphenoidal 
removal of pituitary tumors received submu- 
cosal injections of epinephrine in saline solu- 
tion during halothane, enflurane, or isoflurane 
anesthesia. Twelve additional patients received 
epinephrine in 0.5 percent lidocaine while anes- 
thetized with halothane. Positive evidence of 
ventricular irritability was given by the ap- 
pearance of 3 or more premature ventricular 
contractions during or following injection. Pos- 
itive or negative responses were plotted against 


Proce studies in dogs suggested that 
isoflurane is compatible with epineph- 
rine, while conflicting data suggest that 
enflurane, an isomer of isoflurane, may or 
may not sensitize the myocardium and in- 
crease the risk of ventricular fibrillation.-* 
Knowledge of such interactions is important 
because of the widespread use of epineph- 
rine to achieve hemostasis during surgical 
procedures. However, no reports have dem- 
onstrated the interaction of epinephrine with 
either anesthetic agent in man, nor has a 
comparison been made with a drug such as 
halothane, which is known to sensitize the 
heart. 


Accordingly, we determined the dosage of 
epinephrine in saline solution required to 
produce premature ventricular extrasystoles 


the total dose of epinephrine in «g/kg body 
weight. From these data, the dose producing 
a positive response in 50 percent of patients 
(ЕЮ) was calculated. An EDs of 2.1 „g/kg 
for halothane, 3.7 «g/kg for halothane-lido- 
caine, 10.9 ng/kg for enflurane, and 6.7 ug/kg 
for isoflurane indicates the relative safety of 
these agents when epinephrine is injected for 
hemostasis. The data also suggest that lido- 
caine given with the epinephrine protects 
against ventricular arrhythmias. 


(PVCs) in elective surgical patients anes- 
thetized with halothane, enflurane, or iso- 
flurane, and the epinephrine dosage that 
produced PVCs when administered in a 
lidocaine solution. 


METHODS 

Patients undergoing transphenoidal pitui- 
tary operations at our institution routinely 
receive nasal and oral submucosal injections 
of epinephrine to minimize surgical bleed- 
ing. Fifty such patients (ASA status I or 
II), divided into 4 groups (table) were 
studied. All were without evidence of sig- 
nificant cardiovascular disease. No premedi- 
cation or IV inducing agent was given. Two 
groups were anesthetized with halothane, 
one with isoflurane, and one with enflurane. 
One halothane group and the enflurane and 
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TABLE 


Patient Ages, Weights and Heights Are Listed Above the Estimates 
of the Dose (ED,,) of Epinephrine Which Produced 3 or More PVCs 











Halothane- 

Halothane lidocaine Enflurane Isoflurane 
Number of patients 10 9 15 16 
Age, years 40.8 39.9 36.9 41.9 

І (+19.9) (+14.7) (+15.3) (+12.7) 

Weight, kg 80.9 89.4 69.2 76.6 

(+24.4) (13.9) (16.3) (+18.9) 
Height, cm 163.0 181.6 162.6 165.0 

(+15.0) (+20.6) (67.0) (+13.8) 
Epinephrine 2.11 3.69 10.9 6.72 
ED;,ug/kg (&0.15) (+0.42) (+8.9) (+0.66) 


Each average number is followed by the standard deviation. The ED,, for halothane, halothane-lidocaine, 
and isoflurane differed significantly (p<0.01). No comparison could be made with enflurane because the 
slope of its dose-response curve (fig 1) did not parallel the slope for the other agents. 


isoflurane groups received a freshly pre- 
pared solution of either 1:100,000; 1:150,000, 
or 1:200,000 epinephrine in saline solution 
(10, 6.7, or 5 ug/ml, respectively). The re- 
maining halothane group received epineph- 
rine, 1:200,000, freshly prepared in 0.5 per- 
cent lidocaine solution. After induction, the 
patient's trachea was intubated and ventila- 
tion was controlled to produce an arterial- 
ized venous blood-gas Pco, of 30 to 40 torr, 
measured with a standard Severinghaus 
electrode. Succinylcholine was used in 5 
patients to assist endotracheal intubation. 


During the 30 minutes usually required 
for positioning and preparation of the sur- 
gical site, anesthetic gas tensions, as meas- 
ured by ultraviolet (halothane) or infrared 
(enflurane or isoflurane) analysis were ad- 
justed to 1.25 times MAC,* and a control 
ECG lead with well-visualized P waves was 
recorded usually for 3 minutes immediately 
before injection. The surgeon then injected 
epinephrine into oral and nasal submucosal 
areas, as indicated by operative needs. A 
continuous ECG record was obtained during 
and for 3 to 10 minutes after termination of 
the injections, which required 3.5 to 11 min- 
utes to complete. If PVCs occurred during 
injection, the injection was halted until the 
arrhythmias resolved. If frequent multifocal 
ventricular arrhythmias occurred, lidocaine 
(100 mg) was administered in a bolus and 
the injection was terminated. 


We arbitrarily defined the appearance of 





*MAC is the alveolar concentration of anesthetic 
required to eliminate movement in response to an 
incision in 50% of patients. 


3 PVCs at any time during or immediately 
following epinephrine injection as indicating 
ventricular irritability, since an occasional 
single PVC may occur in the normal anes- 
thetized patient. Patients were considered 
to have a positive or negative response based 
on this criterion; no positive responses were 
observed in any patient prior to injection. 
Positive and negative responses were plotted 
versus dose in „g/kg. 


Data were analyzed with a UCSF} dou- 
ble-precision version of a quantal regression 
program, written by P. Clayton.i The sig- 
nificance of differences between the doses 
producing a positive response in 50 percent 
of patients (ED,,) was tested by Student's 
t-test, except that such testing was not done 
for the enflurane group because its response 
curve did not parallel those of the other 
agents. 


RESULTS 

Age, weight, and height (table) and 
Paco, did not differ significantly among the 
4 groups. However, the epinephrine ЕЮ», 
values for halothane, halothane-lidocaine, 
and isoflurane groups (table) differed sig- 
nificantly (p<0.01). The ED,, was least 
in patients given epinephrine in saline dur- 
ing halothane anesthesia (halothane group) 
(figs 1, 2). The ED,, in patients given epi- 
nephrine in 0.5 percent lidocaine (halo- 
thane-lidocaine group) was greater than 
that for the halothane group but less than 
that for the isoflurane group. The enflurane 
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Epinephrine, ug/kg 
2 4 6 8 


PVCS 5 | A 
= Saline - Halothane 
No PVCs | 
рү „1 — Lidocaine - Halothane 
No PVCs | 


| 
| | 


| 


PVCs > | 
керс» : Enflurane 
о PVCs | 
PVCs — | 

RUOTE | А j isoflurane 
No S | 


Fic 1. Individual results in the 4 groups. Hori- 
zontal lines indicate concentration of epinephrine 
injected submucosally. Each vertical line extending 
from horizontal lines represents 1 patient: an up- 
ward direction signifies that the patient experienced 
3 or more PVCs; a downward deflection signifies 
that 2 or fewer PVCs appeared within 10 minutes 
after injection. 











group had the highest ED;,, but the flat- 
ness and hence nonparallel nature of its 
dose-response curve made any statistical 
comparison invalid. 


In the halothane group, 4/5 patients with 
arrhythmias had ventricular tachycardia. 
Two “negative-response” patients near the 
ED,» (1.9 and 1.8 pg/kg) had 1 PVC each. 
Although only PVCs were used to define 
ventricular irritability, other arrhythmias 
occurred. Heart rate increased in nearly all 
patients, most developing a sinus tachycar- 
dia (rate greater than 100 bpm). A nodal 


% of HALOTHANE 
ре sop е 
ventricular Г (lidocaine) 
extrasystoles 








3 45 т 10 
эд epinephrine/kg body weight 


i 2 


Fic 2. The results of the statistical analysis sug- 
gest that the two halothane and the isoflurane curves 
(but not the enflurane curve) are parallel and that 
the ED,,’s are significantly different from each other 
(p<.01). The bars indicate the standard deviation 
from the ED,- 
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rhythm occurred in 8 patients: 2 in the 
halothane group, 1 in the halothane-lido- 
caine group, 3 in the enflurane group, and 
2 in the isoflurane group. As might be ex- 
pected, the number of PVCs correlated with 
the dose of epinephrine in the halothane 
groups. ln the enflurane and isoflurane 
groups, although positive PVC responses 
were obtained, the total number of abnormal 
complexes were too few to permit a corre- 
lation. 


DISCUSSION 

Approximately 3 times as much epineph- 
rine was required to produce 3 or more 
PVCs during isoflurane as during halothane 
anesthesia, with enflurane probably compar- 
able to isoflurane in this regard. If we as- 
sume (as suggested by the present study) 
that a dose equaling half the ED;, is un- 
likely to produce PVCs, then these potenti- 
ally dangerous arrhythmias likely will not 
follow injections of up to 1 pg/kg during 
halothane and 3.4 „g/kg during isoflurane 
anesthesia. In a 70-kg patient, such doses 
would be produced, with halothane, by 14 
ml and, with isoflurane, with 47 ml of a 
1:200,000 solution of epinephrine in saline. 


Furthermore, if 0.5 percent lidocaine were 
given concomitantly, these “maximum safe 
doses" probably could be increased by 50 
percent. This protective effect of lidocaine 
was studied only with halothane. However, 
on the few occasions when PVCs appeared 
and were treated with lidocaine during iso- 
flurane or enflurane anesthesia, the arrhyth- 
mias immediately disappeared. This would 
suggest that the protection offered by con- 
comitant lidocaine also would apply to these 
anesthetics. 


The maximum safe doses suggested above 
may be modified by several factors. In our 
study, injection was into vascular oral and 
nasal mucosa. Injection into less vascular 
subcutaneous tissues might decrease the rate 
of epinephrine uptake and thereby raise the 
maximum safe dose. Obviously, accidental 
intravenous injection would do the opposite. 
Although no ventricular arrhythmias may 
be induced by the maximum safe doses, 
transient tachycardia and hypertension may 
result. 'These cardiovascular effects may pro- 
duce myocardial ischemia in patients with 
compromised coronary arteries. 


We studied unmedicated patients whose 
ventilation and anesthetic dosage were com- 
parable in all groups. We have not deter- 
mined the effect of variations of these fac- 
tors in man, nor are comparable data in 
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man available. However, studies in dogs by 
Joas and Stevens! indicated no effect or a 
protective effect from increases in anesthetic 
dose (halothane, fluroxene, isoflurane) or in 
Paco,. Our results agree both qualitatively 
and quantitatively with the finding in dogs 
that the dose of epinephrine required to pro- 
duce PVCs during isoflurane anesthesia is 
4 times that required during halothane.* ^ 


In part our results agree with those of 
Katz and associates? who suggested a safe 
dose of epinephrine during halothane anes- 
thesia of 1 g/kg. We disagree with Katz's 
suggestion that the concomitant injection of 
lidocaine with epinephrine affords no in- 
creased protection from arrhythmias. How- 
ever, the individual doses of epinephrine 
used in the Katz study were too low to 
evoke a significant increase in the incidence 
of arrhythmias; this would prevent discern- 
ment of the protective effect of lidocaine. 


Halothane and enflurane or isoflurane ap- 
peared to differ in their propensity to sus- 
tain ventricular arrhythmias. When ventric- 
ular irritability appeared during halothane, 
it was often followed by frequent abnormal 
beats, leading to ventricular tachycardia. In 
contrast, when ventricular arrhythmias ap- 
peared with the other 2 anesthetics, the 
abnormal beats were occasional, intermit- 
tent, and not necessarily sustained. This 
impression is further supported in the case 
of isoflurane by 3 patients (data not includ- 
ed in present study) who each received 11 
„g/kg of epinephrine and who failed to dem- 
onstrate any PVCs. One other patient anes- 
thetized with enflurane was given 13 „g/kg 
and demonstrated a positive response (data 
also not included because epinephrine dos- 
age exceeded 10 pg/kg). 


While the dose-response relationships 
shown in figure 1 demonstrate a nonparallel- 
ism of enflurane with the other curves, pre- 
cluding statistical evaluation, this should 
not suggest that these data are unimportant, 
since they can be compared clinically with 
other data. Our dose-response curve with 
enflurane may represent only the lower part 
of a larger dose-response curve which cannot 
be examined because such an examination 
would require unjustifiably high doses. De- 
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fining the larger part of the enflurane curve 
would be interesting, but would have to be 
done in animals, which would defeat the 
intent of our study. 


CONCLUSIONS 

Two clinical implications are suggested 
by our results. Catecholamine drug support 
often is required following cardiopulmonary 
bypass for cardiac surgery. If ventricular 
arrhythmias are of concern, enfiurane or iso- 
flurane might represent a better anesthetic 
choice for such patients. Finally, our re- 
sults would suggest that ventricular arrhyth- 
mias would be less likely to occur in patients 
suffering from pheochromocytoma when 
these patients are anesthetized with isoflu- 
rane or enflurane rather than with halo- 
thane. 
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A Preplanned Treatment for Malignant Hyperpyrexia 


JOHN G. FRASER, MD* 
ROBERT S. CRUMRINE, MD} 
ROBERT J. IZANT, JR, мр+ 


Cleveland, Ohio§ 


Although a rare complication of general anes- 
thesia, unanticipated malignant hyperpyrexia 
requires. a rapid, organized treatment plan. 
With the aid of a treatment protocol sheet and 


Ts clinical entity of malignant hyper- 
Ж pyrexia has been discussed in numerous 
-articles in the anesthesiology literature over 
the past 10 years.!? The syndrome has been 
defined as a pharmacogenic disorder of un- 
known cause, occurring during general anes- 
thesia in humans and swine and resulting in 
life-threatening temperature elevations. The 
onset of hyperpyrexia may be evident upon 
induction of anesthesia, heralded by para- 
doxically induced rigidity in response to 
succinylcholine; or it may suddenly occur 
intraoperatively in association with potent 
inhalation agents or in the postoperative re- 
covery room.*.? Even the previously implied 
safety of d-tubocurarine in susceptible pa- 
tients has been questioned by Britt and her 
associates. Cases of malignant hyperpy- 
rexia have been reported during a 2nd or 
3rd anesthetic procedure following previous 
uneventful exposures.7 


In the orderly and predictably scientific 
investigations of the hyperpyrexia syndrome 
in susceptible swine, several treatments have 
proved successful. Epidural anesthesia and 
the drugs triiodothyronine, dantrolene sodi- 
um, and procainamide are among the treat- 
ments that have prevented or aborted the 
induced hyperpyrexia in swine.5:1! The sur- 
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a compact drug and cooling package, treatment 
can be implemented quickly in each operating 
room. 


vival of a patient with malignant hyperpy- 
rexia through cooling by a pump-oxygenator 
has been reported.!2 


In the years 1973-1976, a period during 
which approximately 17,000 pediatric anes- 
thetics were administered, we encountered 6 
cases of malignant hyperpyrexia, all in the 
pediatric age groups. All but one of these 
cases represented a paradoxical response to 
succinylcholine on induction or the develop- 
ment of a rapidly rising fever from a normal 
initial temperature, rising to above 40° С 
within 5 minutes under halothane anesthe- 
sia. All but one patient responded success- 
fully to a termination of anesthetic and con- 
servative cooling efforts. The 1 death was 
specifically attributed to uncontrolled ma- 
lignant hyperpyrexia. 


Until further evidence supports an in- 
creased clinical efficacy of a specific drug, 
we have chosen procainamide as the princi- 
pal drug in our treatment regime. We rec- 
ognize that parenterally injectable dantro- 
lene sodium offers the advantages of quite 
specifically acting on skeletal muscle, with- 
out a negative inotropic cardiac effect.!? 
However, its successful use in the hyperpy- 
rexia syndrome in man has not yet been 
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adequately tested. Also, the FDA has re- 
cently warned of hepatoxocity associated 
with dantrolene. 


The difficulties in preparing for the use 
of a pump-oxygenator and the slow onset of 
an effective epidural anesthetic make these 
treatment modalities unattractive as a pre- 
planned approach to the unexpected hyper- 
pyrexia syndrome. 


In forming our treatment regime, we seek 
the advantages of simplicity and immediate 
availability. Compactly stored and clearly 
labeled, each operating room (OR) contains 
the following items: 


I. “Malignant Hyperpyrexia Protocol;" 
laminated in transparent plastic. 


II. One translucent vinyl film plastic 
sheet: (0.006 gauge), 140 x 122 cm in size. 


IH. 10-ml vial of procainamide HCl 
(100 mg/ml). 


IV. 10-ml syringe with an 18-gauge nee- 
dle. 


V. 500-ml bottle of 5% dextrose in water. 


VI. 1000-ml bottle of normal saline solu- 
tion, kept cold in OR refrigerator. 


VII. A ready source of ice and a rou- 
tinely stocked emergency cart. 


The following protocol sheet, written in 
“cookbook” form, leads the physician quick- 
ly through a rare and stressful emergency. 


MALIGNANT HYPERPYREXIA 
PROTOCOL 
A. Recognition of the Syndrome: 


1. Hypertonus of skeletal muscle may 
occur. 

a. IMMEDIATE: Immediately fol- 
lowing the administration of suc- 
cinylcholine. FAILURE OF SKEL- 
ETAL MUSCLE TO RELAX 
AFTER SUCCINYLCHOLINE 
IS AN INDICATION TO POST- 
PONE SURGERY AND RE- 
EVALUATE. 

. DELAYED: Later in the anesthet- 
ic when using potent agents, com- 
monly halothane. 


Unexplained tachypnea, tachycardia, 
sweating, cyanosis, or overheated soda 
lime are nonspecific early signs. 


An unexplained rise in body tempera- 
ture (1? C). 
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THE SYNDROME MUST BE REC- 
OGNIZED BEFORE THE THER- 
MAL REACTION IS SEVERE OR 
WELL ESTABLISHED. A RISE 
IN BODY TEMPERATURE MAY 
BE A LATE SIGN. 


B. Therapeutic Measures: 


1. DISCONTINUE ALL INHALA- 
TIONAL AGENTS AND RELAX- 
ANTS AND DISCONTINUE THE 
SURGERY AS SOON AS POSSI- 


BLE. 

2. HYPERVENTILATE WITH 100% 
OXYGEN. 

3 DRUG THERAPY MUST BE 


STARTED IMMEDIATELY. 


a. If the patient develops muscle ri- 
gidity administer diluted procaina- 
mide intravenously. This solution 
containing 1 gm (10 cc) of pro- 
cainamide in 500 cc can be infused 
rapidly until the rigidity subsides 
and then be reduced to a slower 
rate or discontinued. Observation 
of the EKG and the blood pressure 
are mandatory during this potent 
drug therapy. Vasopressors may be 
indicated. 


. Sodium bicarbonate 2 mEq/kg IV 
stat and repeat in accordance with 
blood gas measurements. 


Mannitol—1 gram/kg IV. 


COMMENCE ACTIVE COOLING, 
IF A RISING TEMPERATURE IS 
ENCOUNTERED. PLACE THE 
PATIENT IN THE PLASTIC 
SHEET, APPLY ICE BAGS AND 
ICE WATER. INTRAGASTRIC 
COOLING MAY ALSO BE CON- 
SIDERED. IF THE PERITONEAL 
CAVITY IS OPENED, STERILE 
ICE SALINE MAY BE POURED 
INTO THE OPENING. 


IF BODY TEMPERATURE FAILS 
TO QUICKLY RECEDE WITH EX- 
TERNAL COOLING, VASODILA- 
TORS MAY BE INDICATED. IN- 
TRAVENOUS CHLORPROMA- 
ZINE (THORAZINE) CAN AC- 
COMPLISH THIS DESIRED VAS- 
ODILATION, BUT ONLY AFTER 
ADEQUATE INTRAVASCULAR 
FLUID VOLUME HAS BEEN AT- 
TAINED. 


с. 
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6. INSERT A SECOND INTRAVE- 
NOUS CANNULA AND GIVE RE- 
FRIGERATED NORMAL SALINE 
SOLUTION. 


C. Investigative Measures: 


1. Monitor by: esophageal stethoscope, 
blood pressure cuff, electrocardiogram, 
thermometer (rectal, esophageal and 
particularly intramuscle thermistor). 


Insert an arterial cannula for sampling 
blood gases and pH. 


Take blood specimens (10 ml) imme- 
diately and measure: electrolytes (Na, 
К, Cl, Ca, Po,, and Mg), creatine 
phosphokinase (CPK), SGOT and 
LDH, and correct excesses and deficits 
in electrolytes. Repeat electrolyte de- 
terminations at frequent intervals. 


Repeat the arterial blood measure- 
ments at 10-minute intervals and cor- 
rect on the basis of the results. 


"Catheterize and take urine sample for 
hemoglobin and myoglobin estimation. 


Measure urine output. 








н iF 
ME 
à PAAR Meat 


ú 
biiy 








© Suspended plastic sheet with 


ice and H20 


2nd 1V route with cold saline 


Woe 


s. 
4 C 


715 


7. Anticipate massive disseminated intra- 
vascular coagulopathy. Draw blood for 
essential clotting factors; especially 
platelets, fibrinogen, prothrombin, fac- 
tors V, VII, VIII, X, and calcium. If 
the diagnosis of DIC is made, adminis- 
ter heparin 250 mg/24 hours by con- 
tinuous IV drip. 


'he admonitions in item C-7, on intra- 
vascular coagulopathy and its therapy are 
based on studies by Daniel's group!? and 
Nemerson.!* 


The heavy gauge plastic sheet is rapidly 
unfolded under the patient and hung on IV 
poles to form an "instant bathtub" (figure). 
The sheet, even when filled with ice and 
water, allows clear access to the patient's 
head, airway, and extremities and allows 
adequate monitoring of vital signs and ас- 
cess to peripheral veins and arteries; the 
conventional bathtub permits none of these 
advantages. Additional IV routes for infu- 
sion of refrigerated normal saline solution 
are more easily established and arterial 
blood sampling is more easily obtained. 


The 10-ml vial of procainamide (10% 








| 








intra Arterial Catheter 
LM. Thermistor 
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solution) when added to the 500 ml of dilu- 
ent is a good concentration to be adminis- 
tered IV until the patient's rigor subsides.!! 
Procainamide remains pharmacologically 
active at ordinary OR temperatures (under 
29.4? C) for 2 years and then should be 
discarded. * 
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Thoughts About Medical Writing 
XXXVII. Verify Your References 


cS Dear Tom: 


.. Who was killed in 1938 and never had a 
mother? Don't you even want to guess? АП 
right, it was O. Uplavici, the much-cited 
author of an important paper, published in 
1887, on amebic dysentery. This paper first 
described the experimental transmission of 
amebic dysentery from man to the cat. 


Why should any anesthesiologist be inter- 
ested in this tale of infectious diarrhea? Be- 
cause of the riddle I began with, and be- 
cause I am writing today about verifying 
references. O. Uplavici was killed by the 
pen of Clifford Dobell, in 1938, and he had 
no mother—or father—because he never 
existed. The story is a classic of bibliograph- 
ic error. 


Jaroslav Hlava, of Prague, wrote an arti- 
cle on dysentery and published it in a Czech 
‘medical journal in 1887. Being a Czech, 
and writing in Czech, he understandably 
gave his title, “On Dysentery,” in Czech 
also—"O. Uplavici.” A German writer pre- 
pared a German-language abstract and, un- 
accountably, dropped Hlava's name and 
cited O. Uplavici as the author. The error 
was compounded in many interesting ways 
until finally exposed by Dobell.! 


Similar, though less spectacular, errors 
occur often. Few studies seem to have been 
made of this phenomenon, but two recent 
ones perhaps deserve comment. In one, in 
which every reference in every paper ac- 
cepted by a national journal for an entire 
year was checked, almost two-thirds of 


these 1,867 references were incorrect in some 
feature or were unverifiable.2 And in an- 
other study, the error rates in references 
published in 10 major journals ranged from 
13% to 5095.5 


Does this really matter? Surely it ought 
to. References are supposed to be guides to 
the reader, indicating where the author de- 
rived data or ideas. And some readers do 
look up references, sometimes. If the cita- 
tions are wrong, the reader may have diffi- 
culty finding what he or she wants, or may 
be unable to find it. Perhaps even more im- 
portant is a philosophical-ethical issue: the 
published article is the culmination of an 
author's work. It should be error-free, for 
who can have confidence in a work in which 
he can find mistakes, whether in the data, 
the interpretations, or the references? 


So verifying references is no mere exer- 
cise in pedantry. Yet obviously, it is some- 
thing that few authors do—or do properly. 


Most errors are simple enough to explain. 
Page 196 becomes 169. “Mar.” becomes 
“May.” "Ann Int Med" becomes “Arch: Int 
Med." Little slips, typical of hurrying hu- 
manity. We all make this kind of error when 
we transcribe information. The sin occurs 
in passing understandable carélessness off 
as information. 


The problem is universal. There is no 
cure except careful checking of the accuracy 
of every citation, late in the writing process 
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but well before the final typing stage. This 
checking must include every element of the 
citation. The author of the reference wants 
his name spelled correctly; moreover, ensur- 
ing that it is correct helps your reader and 
may prevent severe indigestion on the part 
of the computers that are now increasingly 
used to record, sort, and retrieve scientific 
information. Similarly, the title of the cited 
article must be given exactly as it appeared 
in the original publication; do not abbre- 
viate in any way. The journal title must be 
precise, as well as the volume number, pag- 
ination, and date published. 


Most journals provide specific instruc- 
tions about the way they want this data 
to be presented— their "style"—and you 
should try to follow their rules. If you have 
difficulty doing so, I advise that you send 
the complete reference— full journal title 
spelled out, for example—and let the jour- 
nal convert it to their format. Unfortunately, 
minute differences in format exist between 
one journal and another, although most of 
the major clinical journals on this continent 
have agreed on a standard reference style. 
(For examples, see any article in this 
issue.) 


A common reason for errors in reference 
citations probably is the frequency with 
which an untrained and uninstructed person 
is made responsible for checking the cita- 
tions. All too often, a secretary or a clerk 
is sent off to the library with few or no 
directions except to "check the references." 
But a little training quickly cures this prob- 
lem. 
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Indeed, of all the problems of medical 
writing, that of publishing incorrect refer- 
ences must be the easiest to solve. The solu- 
tion requires only increased attention to a 
routine—and therefore often neglected— 
chore. Place’ presented the matter suc- 
cinctly just 60 years ago: 

Take no reference for granted. Verify the reference 
that your best friend gives you. Verify the reference 
that your revered chief gives you. Verify, most of 


all, the reference that you yourself found and jotted 
down. To err is human, to verify is necessary. 


Best regards, 


[Charles G. Roland, M.D.] 
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Maintenance of Body Temperature by Heated Humidification 
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Though difficult to prove conclusively, humidi- 
fication of anesthetic gases during prolonged 
surgery appears beneficial Even slight falls 
in body temperature are detrimental, causing 
significant increases in Oz consumption in the 
immediate postoperative period. А new heated 
humidifier which supplies gases at 100% rela- 


A mavam humidification of the patient's 
tracheobronchial tree and the main- 
tenance of normal body temperature are of 
paramount importance during prolonged 
surgical procedures. 


The comfort of the surgical team necessi- 
tates cool air-conditioned operating rooms,! 
which may result in a decline in the pa- 
tient's body temperature. Many methods 
have been used to maintain or raise body 
temperature, including thermal blankets? or 
garments? warm IV fluids,* radiated heat, 
and heat exchangers.’ These methods, while 
often effective, have the disadvantages of 
not being universally applicable. Thermal 
blankets and garments may still leave large 
areas of the body exposed, are difficult to 
use in such positions as knee-chest, and may 
cause skin burns.? Extracorporeal circulation 
incorporating a heat exchanger is expensive, 
complicated, and not always readily avail- 
able.5 


The importance of humidification during 
prolonged anesthesia has long been recog- 
nized; exposure to dry inhaled gases for 
over 1 hour produces damage to the epithe- 
lium of the respiratory tract.” Different 
means of humidification have been recom- 
mended but many fail to provide optimal 
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tive humidity at 35? C at the patient inlet has 
been used both to supply humidity and to pre- 
vent a fall in interoperative temperature. This 
was successfully employed in 19/25 prolonged 
procedures. The warmed humidified gases con- 
tributed significantly to the maintenance of 
homeostasis during anesthesia. 


humidity, since the relative humidity of 
gases delivered at room temperature falls 
when the gases attain body temperature. 
Satisfactory humidifiers are often adapta- 
tions of equipment used in respiratory ther- 
apy and, while eminently suitable during 
controlled ventilation, provide an unaccept- 
able resistance to inhalation for the patient 
during spontaneous ventilation and therefore 
must be modified.? 


Present Study.—A prototype of а new 
concept in humidifiers that provides heated 
humidified anesthetic gases to the patient 
without increased resistance during spon- 
taneous ventilation, and in which gas tem- 
perature can be fairly rapidly adjusted, was 
used to investigate the efficacy of heated in- 
spiratory gases in the maintenance of nor- 
mothermia during prolonged anesthesia. 


The humidifier* (fig 1, 2) consists of a 
simple reservoir containing a rotating brush 
whose fibers pass through heated water cov- 
ering the lower half of the brush and then 
flick past a baffle above the water level, 
producing a fine spray of water droplets. 
The water is heated through a metal back- 
plate that transmits heat directly from the 


*Prototype (Patent 43,345,047) was manufactured 
by M. G. Humidifiers, Inc., Ocean, New Jersey. 
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Fic 1. Prototype humidifier assemble 1 for use. 


BAFFLES 


ROTATING BRUSH 





Fie 2. Diagramatic representation of humidifier. 
Heat both from the motor and an auxiliary rheostat- 
controlled heating bar is transmitted via the back- 
plate to the water. 


motor and also from an auxiliary rheostat- 
controlled heater which is turned on when 
more rapid heating of the water is required. 
While this is a prototype and is not ap- 
proved for use with flammable anesthetic 
agents, it is anticipated that the production 
device wil be so constructed as to meet 
Underwriter's Laboratories requirements for 
safe use in a hazardous atmosphere. 


The high humidity over a wide range of 
temperatures safeguards against any static 
electricity problems. Gases from the anes- 
thetic machine travel through the spray of 
water droplets and are thus exposed to a 
large water surface area, rapidly becoming 
heated and humidified. A further baffle 
close to the exit port causes most of the 
larger water particles to fall back into the 
reservoir. 


When temperature was measured in the 
reservoir and at the Y-piece of a standard 
101-cm polyethylene anesthetic circuit, a 
fall of approximately 10? C was found be- 
tween the humidifier and the Y-piece. Rela- 
tive humidity (RH) measured* at the 
Y-piece at 43, 36, and 22? C was 100 per- 
cent in all instances. 





*Psychrometer, Taylor Instrument Company, Ashe- 
ville, North Carolina. 


The operating room temperature was kept 
between 20 and 21? C and the temperature 
at the inlet of the endotracheal tube was 
kept at approximately 35? C by manual con- 
trol of the resistor controlling the humidifier 
heater. 


Twenty-five patients, 24 of whom were 
undergoing neurosurgical procedures, were 
studied. Of these, 11 patients undergoing 
craniotomies had their heads draped but 
instrument stands over the operating table 
prevented their bodies from being directly 
covered; 4 patients underwent lumbar lami- 
nectomies and were almost completely cov- 
ered by drapes; 9 patients were operated on 
in the sitting position and were wrapped in 
a Gardner antigravity (“С”) suit. Though 
this latter might be considered to provide 
thermal insulation, our previous experience? 
indicated that its use might limit but not 
prevent the development of hypothermia. In 
8 patients, induced hypotension achieved 
either by high concentrations of halothane 
or by trimethaphan infusion was an integral 
part of the procedure. 


Patient ages ranged between 12 and 63 
(mean 45) years; 12 were male and 13 fe- 
male. Operating time ranged from 8% to 
1514 hours, with a mean of just under 9 
hours. Inhalation anesthesia using con- 
trolled ventilation with halothane-N.O-O, 
and muscle relaxants as necessary was used 
in all cases. 


Patient temperature was monitored by 
tympanic (Arbrook Company), esophageal 
and rectal ( Yellow Springs Instrument Com- 
pany) routes and estimated to the nearest 
0.2? C. Only tympanic temperature was 
monitored in 7 cases, while in the others 
iympanic plus either esophageal or rectal 
probes were used. 


Four patients served as their own controls, 
body temperature being monitored through- 
out but the heated humidifier being intro- 
duced only after 2 to 3 hours of operation, 
after body temperature had already fallen. 


RESULTS 


All patients were normothermic at the 
start of anesthesia. After induction and 
preparation, the mean temperature was 35.7 
+ 0.6? C. Fourteen patients (56%) showed 
an increase in temperature during the pro- 
cedure, ranging from 0.5 to 2° С (mean 0.6 
+ 0.3? C) (table). Five patients (20?) 
maintained a steady body temperature apart 
from minor oscillations of less than 0.4? C. 


т... 
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TABLE 
Summary of Temperature Changes 
in 25 Patients Receiving Heated 
Humidified Anesthetic Gases 


Induced 
Normotension hypotension 





Total 


Temperature 
steady 4 (28%) 1(12%) 5 (20%) 
Temperature) 2(12%) 4(50%) 6 (24%) 





Six patients (24%) showed a decline of be- 
tween 0.5 and 1.1? C despite the warmed 
humidification, and additional means of 
warming was necessary to prevent a further 
fall in temperature. Warming was achieved 
by use of a thermal blanket. 


Of the 6 cases showing a decline in body 
temperature, 4 were undergoing induced hy- 
potension with high concentrations of halo- 
thane. Considering the 8 patients under- 
going induced hypotension, 4 showed a de- 
cline in temperature and 3 an increase in 
temperature. 


Of the 4 cases where temperature fell be- 
fore warmed humidification was introduced, 
2 showed a final increase in temperature and 
in the other 2, the temperature returned to 
the preoperative level. 


All cases are summarized in figure 3. 


CASE REPORTS 
Case 1.—A 58-year-old woman under- 
went removal of a posterior fossa tumor in 
the sitting position. A left tympanic and an 
esophageal thermal probe were inserted and 
demonstrated a slight but constant discrep- 
ancy, the tympanic probe indicating a tem- 
perature of approximately 0.4° C lower than 
the esophageal probe. During the first 2 
hours of anesthesia, a fall of 0.3? C/hr in 
body temperature occurred (fig 4). This 
'downward trend was reversed when heated 
humidification was introduced into the anes- 
thetic circuit and an increase in body tem- 
perature of almost 0.3? C/hr occurred over 
the next 4 hours. At the end of 6 hours of 
anesthesia (the end of operation) the body 
temperature was approximately 0.5? C high- 

er than the initial temperature. 


Case 2.—A 51-year-old woman underwent 
a craniotomy in the supine position for a 
pituitary tumor. Tympanic and esophageal 
;probes showed almost identical readings. 
Heated humidification was used throughout 
the procedure. From 1120 to 1300 hr, her 
temperature rose approximately 0.5? C and 
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Fic. 3. Mean tympanic temperatures (+SD) related 
to humidifier time. 


then remained constant for 1 hour (fig 5). 
At 1400 hr, hypotension was induced with 
halothane, maintaining a systolic pressure 
of 70 torr for 1 hour, during which time her 
temperature fell approximately 0.4° C. Nor- 
motension was restored at 1500 hr, follow- 
ing which her temperature again gradually 
rose. 
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Fic 4. Temperature chart of a 58-year-old woman 
(case 1) undergoing removal of posterior fossa 
tumor. 
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No complications in any way referable to 

the heated humidification occurred in the 

postoperative period in any patient. 


DISCUSSION 


The value of humidification of anesthetic 
gases is still unclear despite the cytologic 
work of Chalon and colleagues,” who have 
conclusively demonstrated changes in tra- 
cheobronchial cells after 1 hour of dry gas 
anesthesia, although a recent statistically 
controlled series? failed to show any differ- 
ence in the incidence of postoperative com- 
plications. However, a reduction in the in- 
cidence of cell decay after 3 hours of anes- 
thesia from 45 percent with dry gases to 
1 percent with adequate humidification,’ 
the reduction in crusting, and the mainten- 
ance of ciliary movement are cogent argu- 
ments in favor of humidification. 


Excessive addition of water to the trache- 
obronchial tree may produce harmful effects, 
including atelectasis and positive water bal- 
ance, as reported with the use of ultrasonic 
humidifiers.!!.!? Dery,!? while agreeing that 
dry anesthetic gases may be harmful, sug- 
gests that the use of a semiclosed circuit 
with a soda-lime absorber rather than a non- 
rebreathing circuit provides enough water 
for adequate humidification. 


The prevention of hypothermia during 
operation is universally agreed to be desir- 
able and the harmful consequences of even 
moderate falls in temperature are well docu- 
mented.!4:15 Complications in the early 
postoperative phase, including cyanosis, re- 
spiratory distress, and hypotension, occur 
more frequently in patients whose body tem- 
perature has fallen. Roe and colleagues!* 
showed that postoperative O, consumption 
more than doubled when the fall in tem- 
perature was between 0.3 and 1.2° C. The 
increase in O, consumption was less than 
5 percent in patients whose temperatures 
did not fall. If the fall was over 1.3? C, the 
increase in O, consumption averaged ap- 
proximately 40 percent. 


Lunn!5 has pointed out the dangers of 
hypothermia in patients with arterial insuf- 
ficiency where further vasoconstriction may 
occur, the almost complete absence of deep 
vein thrombosis as a complication of surgi- 
cal procedures in warm operating rooms, 
and also the danger of vasodilation when the 
patient's temperature is restored in the re- 
covery room, suddenly exposing an inade- 
quate blood volume. Rashad and Benson! 
pointed out the dangers of prolongation of 
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the effect of depolarizing muscle relaxants 
and too deep a level of anesthesia, due to 
low basal metabolism lowering anesthetic 
requirements. 


Commonly, body temperature falls during 
anesthesia unless the operating room tem- 
perature is kept above 21? C. Morris!* found 
that 30 percent of his patients' temperatures 
fell even if the room was kept between 21 
and 24°C. Goldberg and Roe!® reported 
that 78 percent of their patients showed a 
fall in temperature; the mean fall was 
1.15? С during а 3-to-4-hour procedure. 
They calculated the average heat loss as 
43.5 cal/sq m/hr. 


Newman‘ used a warming blanket plus 
warm IV fluids for patients undergoing vas- 
cular surgery. Unwarmed patients aged 50 
to 60 in his series, which had a mean oper- 
ating time of 514 hours, had a mean fall in 
temperature of 3.3? C. In those patients who 
were warmed, the mean temperature rose 
0.3° C. 


Most investigators report that tempera- 
ture falls vary directly with the duration of 
the operative procedure, increased age, in- 
trabody cavity procedures, and the use of 
air conditioning in the operating room. Ап 
association between the magnitude of tem- 
perature fall and anesthetic agents has not 
been conclusive; cutaneous vasodilation and 
the loss of muscular activity are the main 
mechanisms of intraoperative temperature 
fall. 


Heated inhalation gases delivered at 
30° C and RH 100 percent have been used 
for temperature control in pediatric sur- 
gery.!9 In cases of accidental hypothermia 
in adults,? a Waters canister with added 
CO, was used to produce heat and humidi- 
fication. That heated humidification can in- 
crease body temperature was dramatically 
shown by the reported occurrence of hyper- 
thermia while using the Emerson postopera- 
tive ventilator.?? 


As far back as 1945, experimental investi- 
gation showed that if heat is to be applied 
to the air passages, careful monitoring of 
airway temperature is mandatory.?! An in- 
spired gas temperature of up to 41? C is said 
by Miller?? to be safely tolerated by the 
patient. Temperatures above this may cause 
tracheobronchial edema, as illustrated by a 
patient inadvertently given heated gases at 
43.3? C23 Our own study has convinced us 
that use of а warming humidifier, such as 
described in the present report, offers dis- 
tinct advantages, especially during pro- 
longed surgical procedures. 
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CARDIAC ENZYMES. The enzyme tests most commonly used for the diagnosis of 
myocardial infarction (SGOT, LDH and CPK) are not specific for the myocardium. 
However, the MB isoenzyme of creatine kinase is specific for the myocardium, The 
authors measured total serum enzymes and the MB isoenzyme in patients with suspected 
acute myocardial infarction as well as in postoperative surgical patients. In patients 
with myocardial infarction the magnitude of the MB isoenzyme rise was 2 to 3 times 
greater than that of any other enzyme. The isoenzyme did not increase in postoperative 
patients which contrasts with the expected rise in SGOT, LDH and CPK after any 
major surgical procedure. (Smith AF, Radford D, Wong CP et al: Creatine kinase 
MB isoenzyme studies in diagnosis of myocardial infarction. Brit Ht J 38:225-232, 1976) 


724 


ANESTHESIA AND ÁNALGESIA . . . Current Researches Vou. 55, No. 5, Sepr.-Ocr., 1976 


A Comparison of the Efficiency of 
Three Anesthesia Circle Systems 


MARILYN HARPER, MD* 
EDMOND |. EGER, Il, МОТ 


San Francisco, Californiat 


Three commonly employed anesthesia circle 
systems were tested to determine what effect 
the placement of the inflow port, overflow valve, 
and inspiratory and expiratory valves, as well 
as inflow rate, had on the rate of rise of anes- 
thetizing alveolar concentrations of halothane. 
System efficiency was evaluated on the basis 
of whether alveolar gases, containing low con- 
centrations of halothane, or fresh and dead- 
Space gases, containing higher concentrations 
of halothane, were eliminated through the 


ESPITE its widespread use, the effect of 
the anesthesia circuit on the develop- 
ment of inspired and alveolar anesthetic 
concentrations has not been well studied. 
We previously! measured the rate of rise of 
М.О during marked hyperventilation con- 
sidered sufficient to cause equality of in- 
spired and alveolar concentrations. The rate 
at which the N.O concentration rose was a 
function of inflow rate, system volume, and 
the concentration delivered (concentration 
effect) .?* We are not aware of any report of 
a similar study at normal ventilation with 
N.O or, more importantly, with a moder- 
ately or highly soluble agent. 


Theoretic considerations would suggest 
that the insertion of an anesthetic circuit 
between inflow and patient may hinder the 
development of an anesthetizing alveolar 
anesthetic partial pressure.? The circuit con- 
tains a volume which must be washed out 
in order to develop an inspired partial pres- 


*Assistant Professor. 


+Professor. 


overflow valve. Small potentially significant 
differences in efficiency were found: greatest 
efficiency (greatest ejection of alveolar gas) 
occurred when inspiratory and expiratory 
valves were close to the endotracheal tube and 
the overflow valve was immediately distal to 
the expiratory valve. Increasing inflow rate 
from 1 te 3 L/min had a large impact on the 
rate of rise of alveolar halothane concentra- 
tion. A further increase to 5 L/min had a 
relatively small effect. 


sure, and hence that volume and the inflow 
rate both are determinants of the alveolar 
rate of rise. Furthermore, the inflow rate is 
important, since it also controls the amount 
of rebreathing. Rebreathing is of particular 
importance with more soluble agents, since 
the alveolar concentrations of such agents 
will be well below those delivered in the 
inflow. 


Finally, we have suggested from both 
theoretic calculations‘ and mechanical mod- 
els? that particular arrangements of anes- 
thetic circuits are more efficient, in that 
some arrangements preferentially eliminate 
alveolar gas. Less efficient circuits do not 
distinguish between alveolar and fresh. in- 
flowing or dead-space gases, all three being 
subject to concomitant elimination. 


Our recent examination of the above is- 
sues in surgical patients ventilated to nor- 
mal СО, levels has given results in agree- 
ment with earlier predictions concerning the 
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importance of inflow rate. We find that sys- 
tem arrangement has little impact on the 
development of the inspired and alveolar 
anesthetic concentration, but choice of one 
arrangement as opposed to another may re- 
sult in significant conservation of fresh gas 
and hence a reduction in cost. 


METHODS 


Thirty-seven healthy (ASA I or II) adult 
patients who were to undergo elective sur- 
gery were selected for study if (1) they 
agreed to participate; (2) they weighed be- 
tween 55 and 85 kg, and (3) there was no 
contraindication to the use of halothane. 
Premedication consisted of atropine plus 
barbiturate or diazepam in doses selected by 
the attending anesthesiologist. Induction 
was achieved with thiopental and endotra- 
cheal intubation facilitated with pancuroni- 
um. Ventilation was controlled at a rate of 
about 10/min and a volume of 10 ml/kg 
body weight. This ventilatory pattern pro- 
duced average arterialized venous Pco, val- 
ues between 32.7 and 44.4 torr (average for 
each group), as described below. Nasopha- 
ryngeal temperature was measured with 
either а mercury thermometer or Yellow 
Springs temperature probe. Average temper- 
atures ranged betwen 35.4 and 36.3? C. 


The arrangement of the 3 anesthetic sys- 
tems selected for study is shown in figure 1. 
System A (Foregger) has the inspiratory 
and expiratory valves near the CO, absorber, 
with the inflow between the inspiratory 
valve and the patient. The overflow (pop- 
off) is between expiratory valve and absorb- 
er. System C (Ohio Medical Products) dif- 
fers from system A only in that the inflow 
is between the absorber and the inspiratory 
valve. System H (Anesthesia Associates) 
has the inspiratory and expiratory valves 
placed close to the patient, with the inflow 
between the absorber and the inspiratory 
valve. The overflow is between the expira- 
tory valve and absorber and is immediately 
adjacent to the expiratory valve. 


Either a 1, 3, or 5 L/min О, inflow rate 
was chosen and maintained throughout the 
60 minutes of study in each patient. Systems 
A and C were tested at all inflow rates, 
whereas system H only was tested at the 3 
L/min inflow rate. Oxygen was delivered 
from a flowmeter, previously calibrated 

- against a Collins spirometer. Halothane was 
added from a temperature-compensated va- 
porizer (Fluomatic?) at a constant prede- 
termined concentration which, on the aver- 
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ARRANGEMENT А 


ARRANGEMENT С 1 





Fic 1. The 3 anesthetic arrangements (systems) 
described in the text. Numbers indicate system 
parts: 1 = inflow; 2 = inspiratory valve; З = expira- 
tory valve; 4 = overflow (pop-off) valve. 


age, produced an alveolar concentration 
close to МАС. 


End-tidal, inspired, overflow, and inflow 
halothane concentrations were measured at 
1, 2, 4, 6, 8, and 10 minutes after the start 
of halothane delivery and every 10 minutes 
thereafter for a total of 60 minutes. Halo- 
thane concentrations were determined with 
an ultraviolet analyzer, calibrated every 5 
to 10 minutes against an internal optical 
standard. End-tidal samples were taken 
from a nylon catheter which extended to 
the tracheal end of the endotracheal tube. 


From the halothane concentrations ob- 
tained as indicated above, 3 ratios were de- 
termined. The first relates the inflowing con- 
centration (Ё уь) to the inspired concen- 
tration (F,) and defines how rapidly the 
inspired concentration approaches that de- 
livered. The second relates the alveolar 
(end-tidal) concentration (F,) to F,yp and 
defines how rapidly the alveolar concentra- 
tion approaches that delivered. 


The 3rd ratio is the difference between 
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TABLE 1 
Mean Age, Weight, Body Temperature, End-Tidal Pco;, and 


Arterialized Pco; by Groups 
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Flow, | Number ei emperatur 
System UM Mur Age ae X co ы PEco, Pcos 
А. 1 5 35 + 6.5 60.4 + 3.5 36.3 + 0.2 32.7 + 0.9 31.8 + 1.3 
3 5 41+ 7.1 67.8 + 5.4 36.3 + 0.3 31.4 + 1.8 35.6 + 0.1 
5 5 45 + 9.8 76.0 + 4.5 35.4 + 0.2 28.2 + 0.5 32.7 + 0.6 
C 43 + 9.2 64.0 + 3.3 36.0 + 0.2 39.9 + 2.2 44.4 + 2.7 
3 36 + 5.3 66.8 + 4.4 36.1 + 0.2 84.7 + 1.8 34.2 + 1.2 
AT 3: 2.9 66.4 + 1.8 36.1 + 0.1 31.0 + 2.1 37.4 + 1.2 
H 3 7 49 + 5.9 77.4 + 3.0 35.9 + 0.1 32.0 + 2.2 40.9 + 2.7 
the pop-off (Ер) and alveolar concentra- "T 
АМ 


tions divided by the difference between alve- 
olar and inspired concentrations; this de- 
fines the proportion of the gases popped-off 
which contain alveolar as opposed to in- 
Spired gas: a smaller ratio indicates a rela- 
tively greater contribution of alveolar gas. 
A value of zero would indicate that the 
popped-off gases consisted entirely of alveo- 
lar gas; a value of 1 would indicate that the 
popped-off gas concentration equalled the 
inspired concentration. 


An arterialized venous blood sample was 
drawn at about 30 minutes and analyzed 
for СО», pH, and O, with electrodes and 
corrected for body temperature. Samples 
were not accepted if the Pvo, did not indi- 
cate a saturation exceeding 90 percent. At 
the same time, we obtained an end-tidal 
sample for CO, analysis (infrared). 


RESULTS 


The ages, weights, body temperatures, 
and end-tidal and arterialized Pco, values 
were similar among groups (table 1). As 
anticipated, an increase in inflow rate ac- 
celerated the inspired and alveolar anes- 
thetic rate of rise for all systems (table 2, 
fig 2 and 3). The ratio (Fpo-F,) / (Fi-F4) 
varied between systems, being highest in A 
and lowest in H (table 2, fig 4). No con- 
sistent relationship of this ratio to flow rate 
was found. 


DISCUSSION 


As anticipated, inspired and alveolar con- 
centrations rose more rapidly at higher in- 
flow rates. This is illustrated most dramati- 
cally during the first 10 minutes (fig 5). 
After 10 minutes, the curves for all systems 
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Fic 2. The rate of rise of alveolar concentration 
toward inflow concentration (F,/Fiyy) increases 
with higher flow rates. Low flow rates (1 L/min) 
prevent development of high alveolar concentrations 
for 1 hour, while there are only small differences 
between 3 L/min and 5 L/min after 20 minutes. 
There are no differences between systems A and C; 
system H achieves a slightly higher alveolar con- 
centration. 


tend to flatten, but differences between lev- 
els at different inflow rates are sustained 
(fig 2 and 3). The greatest effect of inflow 
is seen between the 1 and 3 L/min graphs: 
the difference between 3 and 5 L/min is 
relatively small. The reason for this is ap- 
parent from the figures giving the rate of 
rise of the inspired concentration. At 3 
L/min, these already have reached 74 to 82 
percent of that in the inflowing gas by 20 
minutes. Thus, any further increase in in- 
spired concentration that might be achieved 
by increasing the inflow rate would be 
limited. 


The above describes the effect for halo- 
thane, a moderately soluble gas. A more 


/ 


N 
p eA e 
































$$0'0-c11070— 080'0--190'0—  920'0-C$10'0— NOT OFFOTO— 90709100 —890'0:-800'0 6Р0°0-Б6}0°0— 180'0--80'0 —980'0-:990'0 90:02870 —890'0x9PI'O 5 н 
090'0-CF6820 28070559280 —€$90'0-cCZ0&'0 — Z60'0-CIZZ^0  6?0°02590& 0  990'0—c918&'0  6F0'Oc0et'O €90'0--9170 9800520280 —$80'0cr9z7'0 — 910'00987'0 g 
ZI0O0FO00 O 2907052880 — £FO'O-ESTF'0 —£T0'0--9P*'O  9II'0-c-Z9$'0 —990'0c-029'0  SFPO'OcPLP'O 90L'0--99£0 — 690'0--c£'0 — 890'0ccvZ9'0 801706140 g 
97070529770 9070522070 — 960'0-cPZV'O 6050228980 SIOOFRIFO 218070221009  TIIT'OxccPYr 0 99070222990  9$l'O-cc8V'0 LEOOFLEL'O  00L'0x099'0 H ә 
ЎБОГОЗЕРРС О — ZI0'0-CO9PP'O 82070-27890 — 180'0c-629'0 9900-29670 ZIOOFGGPO 190055290 2907058670  890:0--19€'0 8980261860 600 ESL'0 4 
08005590770 — 910'0--98V'0 — LPU'OCFGPE'O 90170520980 9010252980 11270528070 — 980'0-c:£92'0 — Z8O'0XIZP'O 650'0--86£'0 — £90'0-C-?29'O — 920'0:-9600 € 
89U0--88V'0 6017020090 TICOFT9VO 11708990 PPLOFELVO 01:069290 — SIUl'OXP9'0 ©1100 90 —L0L'0--669'0 22170521990 8817020090 *.4-14 /Vg-oag T v 
2907020870 1607052980 — $PO'O-ESPS'O — 9PO'OCCÓZE'O 99070279180 — Z90'0cFFL'O  $290:03:989'0 09070--989'0 — fLO'0-c-G29'0 — 690'0zc-989'0 — 180'03:999'0 t H 
610'0--096'0 — 9I0'0--PP6'0 — 610'0-CF6E6'0 — 9v0'0c-826'0 — IZ0'0c-VE6'0 — YZ0'0c-026'0 080:05:16:0 720705260 —980'0cFP06'0 FEOOFSLEO  090'0xILL'0 8 
VIOO--SVS'O — IZ0'0--PV8'0 62070520980 — Z20'0G-FESO — OIO'O--908'0 01070750570  120'0::991'0 Pc0'0--LVL'O —810':0c:869'0 —T£0'0c-6T9'0 — 0g0'0c:ceqo g 
8100529950 STOOFIGSO 010051980 RIVOFALO 80:051090 EO OKOFF'O —Ce0'OXSOIP'O 180709650 220059980 —610'0cF62'0  SIO'0-c6220 I D 
VF0'0--998'0 — 950'0--698'0 — ZEO'O--GGS'O EZMOF8LZO ZEOOFZOR'O  9$0'0:908'0  FPZ0Oc9LL'0 9£0'0--89L70 09070525210 — 690'0-E829'0 —880'0crZF9'0 g 
960'0-F£61'0 — 02002-96270 — GI0'0-c86270 F20OFZEL'O GZVOFZPLO 92009070 920031990 L£0'0--969'0 —0F0'OccS9€'0 — 1£0'0c98*'0 — 6T0'0::99£'0 8 
0G0'0-ESSS'0 20709990 — 6I0'0zc-626'0 6100616770 — &IO'O-EPBPE'0 11070286770  £IOOOSIFO  IIO'0c9680 T20°O-FT9E'0 — vG0'O--EIS'O — 920'0xe1c'0 пах ял T v 
110705707970 — &10'0--999'0 — PI0'0-r6z9'0 1002279190  900'0c599'0  Z20'0-c209'0 64009880 10:029170 f60'0-c-0L€'0 — 6IO'OF L650 — SI0'0x:01c70 £ H 
860709990 — 6£0'0--89'0 PEVOFLOVO 180056090 §=— G TOO 999'0 —610'0x:99€'0 —920'0—629'0  9£0'0x:99€0 190708090 —$90'0-cIGF'O — 190'0z-46&0 9 
BIOOFLES'O 7200—9990 #200-980 — $20'0-c9IS'O — 0£0'0—V6TP^0 — IZO'O-FPOF'O  0t0'0—20P'0 680016870 68070527980 — 020'0ccG8€'0 — 020'OCSez'0 g 
1500-6980 160°0--0960 820058980 060079880 960'0-cr0I&'O SIOOFELZO TZVOFIPTO  EZVOFMZO I90'0--98T'0O LIVOFISTO ZIVOFLZTO I o 
VEO OF PESO — 620'0--099'0 98070-27890 — lP0'0--66€'0 — 680'0zr8SS€'O — v90'O--SIS'O  690'03-9190 — 990'0x-L8Y'0 Le0'0-ccS£9'O  290'0cFOf'0O  8P0'Q-c£92'0 9 
6005-9990 21001790 — £80'0-c9ES'0 — £80'0z-069 0 160°07БР#РО 8507052890 — 020'0::60Y'0 07028260 6£0'0--LL6'0 9007058120 — 020 0-8STl'O 8 


62070551960 — 120'0--66€0 21070529180 1009620 81005920 — SIO'O--0€Z 0 —9I10'0—c$17'0  TIO'OCO98l'0 110018910 — 120 0-19I'O  9I00-FZUlO TANIJ/YA T v 





09 0$ or ot oc OL 8 9 ? g 1 оңо ооз wasis 


мо} 
аа асра CM ааа ноа MM M аа CMM MM MC UID TRE RNC HL TNR 


$9104 лори OF рәцојәу SO ODY шә{$Ас цою 10) рәцојпојоо sen|DA 3S F иоәүү јо Алошшпс 
z gyl 


Anesthesia Circle Systems . . . Harper and Eger 


728 











А: 
193 
3 Ltecsf/min „кекетет 
4 T 19 
T. oe os nb Н aM 
084 r „#7 ga ! i „А 
С Д" |j 
SAT 5 Laers/min 
1 fH { 
+ H 
054 1^ i 
cpm i 
4 d.e i 
P | 
“| “кие mis i 
02 Ц 
| Tc LT 
+- poppe = тт "T "ON — 
0 20 40 © 0 20 40 60 
MINUTES 
Fig 3. The inspired-to-inflow concentration 


ratio (F,/Fixr) increases more rapidly with increas- 
ing flow rates. Both 5 L/min and 3 L/min flow 
rates achieve high inspired concentrations within 
10 minutes. The inspired concentration at a 1 L/min 
inflow rate rises slowly and remains low for 1 hour. 
There are only slight differences between systems. 
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Fic 4. The ratio (Fj;-F/(F,-F,) defines the 
amount of alveolar gas contained in the gases being 
popped-off. A ratio of 0 would indicate only alveolar 
gases being evacuated. and conservation of gases con- 
taining higher concentrations of anesthetic. System 
C is slightly more efficient that A at 1 L/min and 
5 L/min, while system H is most efficient. 


soluble gas such as methoxyflurane or di- 
ethyl ether might be more affected by the 
increase from 3 to 5 L/min, since uptake 
and hence rebreathing would have a greater 
effect on the inspired concentration.? 


At any given flow rate, the rise of alveo- 
lar or inspired concentration to the inflow 
concentration tended to be slowest with sys- 
tem A and fastest with system H. The over- 
flow valve position in system H permitted 
loss of primarily alveolar gas, thereby re- 
taining fresh inflowing gas for rebreathing.* 
Evidence for this is seen in the low (Fpo- 
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Fic 5. The rate of rise of alveolar anesthetic con- 
centration is most rapid during the first 10 minutes 
of administration, and is influenced primarily by 
inflow rate. There is little difference between sys- 
tems at any given inflow rate. Symbols along the 
curves refer to system and inflow rate. 


F,)/(F,-F,) values for system H (table 2). 
Although the differences between systems 
A and C in the above ratio are not as con- 
sistent, in general the ratio at any given 
inflow rate is lower with C. This accords 
with the prediction made in an earlier re- 
port! that suggested that system C con- 
served fresh inflow gas while system A per- 
mitted its loss through the pop-off valve. 


Although the differences between the sys- 
tems are consistent with our previous pre- 
dictions,? they are somewhat smaller than 
we suggested there and are only of modest 
clinical significance. For halothane anesthe- 
sia, little economic gain may be realized by 
the choice of one system as opposed to an- 
other. A small but significant economic 
gain might accrue to the use of system H 
if the anesthetic were enflurane.* The differ- 
ence between enflurane and halothane lies 
in the higher cost and lower potency of en- 
flurane. Unfortunately, our data cannot be 
applied directly to enflurane because of the 
differences between enflurane and halothane 
solubility and uptake. 


Of greater clinical and economic impor- 
tance is the inflow rate. It would appear 
that inflow rates need not exceed 3 L/min 
after the first 10 minutes of anesthesia in 
order to sustain an inspired halothane con- 
centration close to that delivered in the 
inflow. 


*See Appendix. 
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APPENDIX 


The data in table 2 for (Fpo-F,) / (Е-Е) 
indicate that, for system A or C, about half 
of the gases popped-off at a 3 L/min inflow 
are unabsorbed inspired gases which must 
be replaced. With the H system, only alveo- 
lar gas is eliminated and all inspired gas 
is conserved. On the average, the inspired 
concentration is about 50 percent higher 
than the alveolar concentration. If these 
data were applied to an alveolar enflurane 
concentration of 1.5 percent (a concentra- 
tion giving a moderate level of anesthesia 
with 50 to 60 percent М.О) they would 
predict a required average inspired concen- 
tration of 2.25 percent. With system A or C, 
half of this would be wasted but with H it 
would be conserved. 


At a 3 L/min inflow, the wastage with A 
and C would equal 0.5 x (0.0225 — 0.015) 
x 3000 x 60, or 675 ml/hr of enflurane 
vapor. Since 1 ml of liquid enflurane pro- 
duces 200 ml of vapor, this represents a loss 
of 3.38 ml liquid; each liquid ml costs ap- 
proximately $0.25, giving an hourly cost of 
$0.84. Presuming 5 hours of anesthetic ad- 
ministration per day and 230 working days, 
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the annual loss would be $970, which would 
be regained by substituting system H for 
A or C. However, as noted in the discus- 
sion, our data with halothane cannot be ap- 
plied directly to enflurane because of the 
difference in solubility. 
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ENTERAL OXYGEN. The authors evaluated the effect of intestinal oxygen, nitrogen 
or carbon dioxide on the electrical activity of the stomach and intestine. The gases 
were injected into the intestinal lumen at a rate of 5 to 7 ml/min. Electrical activity 
increased with enteral oxygen but not nitrogen or carbon dioxide. Pharmacologie 
blockade of alpha and beta effector sites did not alter the response to enteral oxygen. 
The mechanism for this response is not known but unlikely explanations include 
increased intestinal pressure, decreased pH or reflex response. Earlier work has shown 
that enteral oxygen modifies the reduction in splanchnie blood flow associated with anes- 
thesia and operation. (Gelman S, Paz M, Levy E: Influence of enteral oxygen adminis- 
tration on the slow electrical activity of the intestine and stomach. Arch Surg 111: 


566-574, 1976) 
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Clinical Use of Etomidate for Anesthesia Induction: 
A Preliminary Report 


ROBERT J. FRAGEN, MD* 
NANCY CALDWELL, CRNA} 
EDWARD A. BRUNNER, MD, PhDt 


Chicago, Illinois§ 


Etomidate (0.3 mg/kg) and thiopental (4 mg/ 
kg) were administered IV for induction of 
general anesthesia, comparing heart rate, blood 
pressure, respiration, and side effects. No 
significant difference between the drugs was 
found in the circulatory parameters, but res- 
piration was more depressed by thiopental. A 


TOMIDATE, first synthesized in 1972, is 
(R- (+) -ethyl-1- (1-phenylethyl) -1H- 
imidazole-5-carboxylate sulfate. It is a new, 
potent, short-acting, and safe IV hypnotic 
with the following structural formula: 


0 N 


T 
CH, - CH, - O - С - [| ll 


Etomidate is water-soluble and has a pH 
of 3.4. It is metabolized in the liver by hy- 


* Associate Professor. 
Research Assistant. 


tProfessor and Chairman. 


high incidence of the side effects of myoclonia 
and pain on injection was seen with etomidate. 
The incidence of side effects was not affected 
by speed of injection or type of premedication. 
Mechanisms to reduce the incidence of side 
effects are needed for etomidate to become a 
useful induction agent. 


drolysis of the ester group. Seventy-five per- 
cent of a single dose is excreted by the kid- 
ney in 24 hours and 13 percent is found in 
the feces. It is a pure hypnotic and is with- 
out analgesic activity.! Animal experiments 
and human studies have shown that etomi- 
date causes no organ toxicity nor teratogen- 
icity and that it has fewer side effects on the 
cardiovascular and respiratory systems than 
other short-acting IV induction agents.'* 


On the basis of these reports, etomidate 
should be expected to be a good IV induc- 
tion agent for general anesthesia. It acts 
rapidly (one circulation time), and the du- 
ration of action of a single dose is between 
4 and 10 minutes. This duration can be pro- 
longed by increasing the dose or adminis- 
tering the drug as a constant infusion.! Eto- 
midate would seem particularly beneficial 
for outpatients and patients with heart dis- 
ease. However, 2 side effects have been 
prominent with etomidate: pain on injection 
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and myoclonia.* Other stimulatory effects, 
such as nystagmus, hypertonus, coughing, 
and hiccup,* have been seen with etomidate. 
These side effects can also be seen with 
barbiturates such as thiopental and metho- 
hexital. 


A randomized, controlled study was un- 
dertaken to compare etomidate with thio- 
pental with regard to blood pressure, heart 
rate, respiration, and side effects. 


METHODS 

Sixty ASA physical status I, II, and III 
adult surgical patients were admitted to the 
study (after giving informed consent). They 
were divided into 4 groups of 15 patients 
each, homogeneous for age, weight, height, 
and ASA status (table 1). Groups I and II 
received etomidate (0.3 mg/kg body weight) 
from a freshly prepared solution of 1.5 
mg/ml lyophilized etomidate in sterile wa- 
ter. Group I received the injection over 30 
seconds and group II over 60 seconds. 
Groups III and IV received 4 mg/kg of 2.5 
percent sodium thiopental. Group III re- 
ceived the injection over 30 seconds and 
group IV over 60 seconds. All injections 
were given into the injection port of a rapid- 
ly running IV infusion of 5 percent dextrose 
in lactated Ringer's solution. 


One-third of the patients received atro- 
pine (0.5 mg IM) 15 to 45 minutes before 
induction; one-third received diazepam (10 
mg) and atropine (0.5 mg IM) 30 to 45 
minutes before induction, and one-third re- 


*Admiraal et al: Induction of anesthesia with 
etomidate—analysis and tabulation of 1000 case 
records of clinical studies (unpublished data). 
Janssen Pharmaceutica, Beerse, Belgium, 1974. 
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ceived fentanyl (2 ml) and atropine (0.5 
mg IM) 15 to 30 minutes before induction. 
Blood pressure was taken by the Riva-Rocci 
method, and heart rate was counted by the 
radial, brachial, or carotid pulse. All patients 
were monitored with a Tektronix® 410 car- 
dioscope in the operating room. Blood pres- 
sure and heart rate were recorded before 
and 3 minutes after premdication, 3 minutes 
before and 1 to 2 minutes after the hypnotic, 
and then every 5 minutes during the course 
of anesthesia. 


Respiratory rate was counted and the 
depth of respiration was observed 3 minutes 
before and between 1 to 2 minutes after 
etomidate or thiopental. The patient was 
observed for side effects from the onset of 
injection until 2 minutes after hypnotic in- 
jection. No other medications were allowed 
during this time except for O, by face mask, 
if necessary. Any observed changes, there- 
fore, could be ascribed to the hypnotic. After 
2 minutes, there was no restriction on the 
choice of anesthetic agents or technics of 
general anesthesia. 


All patients stayed in the recovery room 
for the usual length of time and no restric- 
tions were placed upon medications used 
there. All patients were seen 24 hours later, 
and, when possible, again 48 hours later, 
and were inspected for phlebitis at the in- 
jection site. They were also asked to rate 
the experience of induction of general anes- 
thesia as good, satisfactory, or bad. An in- 
vestigator (R.F.) also rated the injection. 
When blood pressure changes of 25 percent 
above or below control occurred, hyperten- 
sion or hypotension were recorded as pres- 
ent. A similar percentage of change in heart 


TABLE 1 


Demographic Data 


H ut IV 





Etomidate, Etomidate, Thiopental, Thiopental, 
0.3 mg/kg 0.3 mg/kg 4 mg/kg 4 mg/kg 
Group 30 sec 60 sec 30 sec 60 sec 
Age (average), yr 41.67 41.87 39.80 48.58 
Weight (average), kg 68.93 62.13 67.93 68.47 
Height (average), cm 167.27 163.80 171 169.73 
Sex: Female (n) 11 12 9 8 
Male (n) 4 3 6 7 


ASA physical status (n) 
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rate (2595) was considered as indicating 
tachycardia or bradycardia. Data were sub- 
mitted to chi-square analysis. 


RESULTS 


There were no significant changes in blood 
pressure or heart rate in any group. No ar- 
rhythmias were observed during the 2-min- 
ute observation period. 


Respiration rate and depth were stimu- 
lated in 6 etomidate patients, 5 in group I 
and 1 in group II, but were not stimulated 
in any thiopental patients. Either hypoven- 
tilation or apnea occurred in 15/30 patients 
in groups II and IV and in only 3 patients 
in group I. All patients in group II main- 
tained respiration near normal. 


Myoclonia, classified as mild or severe, 
was seen in both etomidate groups. In group 
I, 8 patients showed mild and 3 patients 
severe myoclonia. In group II, 10/15 pa- 
tients had mild and none had severe myo- 
clonia. No myoclonia was seen in groups 
III or IV. 


Pain at the injection site occurred in 9 
patients in group I, 6 patients in group II, 
and 1 patient in group IIT. In group I, pain 
occurred in 7/11 patients who had the IV 
catheter inserted in a hand or forearm vein 
and in 2/4 patients who had the IV in an 
antecubital vein. In group II, pain was ex- 
perienced in 4/7 patients who had a hand 
or forearm IV infusion and in 2/8 with an 
antecubital IV infusion. 


For etomidate patients, pain at the injec- 
tion site occurred in 5/10 patients who re- 
ceived atropine only for premedication, in 
6/10 who received diazepam and atropine, 
and in 4/10 who received fentanyl and 
atropine. 


Hyperventilation was seen in 3/10 eto- 
midate patients receiving atropine only and 
in 3/10 etomidate patients given diazepam 
and atropine. No patients receiving fentanyl 
premedication hyperventilated, and 2/3 pa- 
tients who hypoventilated or were apneic 
after etomidate were in the fentanyl pre- 
medication group. 


Nystagmus was seen in 6/30 etomidate 
patients (p« 0.01), 3 each in groups І and 
IL Four of these patients received only 
atropine for premedication and 2 received 
diazepam and atropine. Other side effects 
observed are noted in table 2. 


No adverse experiences occurred during 
maintenance of anesthesia or in the recov- 
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TABLE 2 
Miscellaneous Side Effects 
Etomidate .... Thiepentol 
Group i Т] " iV 
Side effect 30sec 60sec 30sec 60 sec 
Coughing mE 1 У. 0 | 0 i 1 
Salivation 1 0 0 0 
Retching 1 0 0 1 
Hiceup 2 0 0 1 
TABLE 3 


Rating of Hypnotic by Patient 
and Investigation 
Satis- 


factory 


Reaction Good Bad 








Group I K 
Etomidate 0.3 mg/kg 
(30 sec) 
Patient 
Investigator 


12 2 


Group П 
Etomidate 0.3 mg/kg 
(60 sec) 

Patient 


Investigator 
Group III 
Thiopental 4 mg/kg 
(30 sec) 

Patient 

Investigator 
Group IV 
Thiopental 4 mg/kg 
(60 sec) 

Patient 

Investigator 


10 


11 
15 


11 
14 


егу room in any patient, nor was any in- 
stance of phlebitis observed. 


Hypnotics were rated somewhat differ- 
ently by the patients and the investigator 
(table 3). 


DISCUSSION 

All patients in the study were asleep 
within 1 minute of the injection of either 
hypnotic, and none showed any untoward 
effects on blood pressure or heart rate. How- 
ever, we might not expect adverse cardio- 
vascular effects in patients in ASA status I 
and II, nor in the 3 ASA status ПІ patients 
who were under 50 years of age and were 
normovolemic. Since previously reported 
experiments? * were performed on healthy 


Etomidate for Induction . . . Fragen, et al 
patients or dogs, etomidate should be tested 
in patients with known coronary artery 
and/or myocardial disease, to determine 
whether cardiac function can be maintained 
without increasing myocardial O, require- 
ments. 


Since anesthesiologists are skilled at ven- 
tilating patients and maintaining patent 
airways, one could question whether respira- 
tory depression of short duration is undesir- 
able. There was a significantly higher inci- 
dence of respiratory depression with thio- 
pental than with etomidate (p<0.001). 
When respiration changed after etomidate, 
twice as many patients hyperventilated as 
hypoventilated; furthermore, hypoventila- 
tion occurred in 2 patients and apnea in 1. 
Thus, etomidate should not be used for 
patients in whom it may be important to 
maintain adequate spontaneous ventilation. 


For a hypnotic drug to be useful while 
lacking adverse cardiovascular and respira- 
tory side effects, it must also not have other 
untoward side effects. Pain on injection 
and myoclonia are known side effects of 
etomidate. In Admiraal’s series of 1000 
patients, myoclonia (slight, 6.7%, and se- 
vere, 4.2%) and pain on injection (11.2%) 
occurred. In the present study, the inci- 
dence of these side effects was higher— 
myoclonia, 70 percent (slight, 6095; severe, 
1095) and pain on injection, 50 percent. It 
was thought that narcotic premedication 
would reduce the incidence of pain on in- 
jection and that diazepam would reduce the 
incidence of myoclonia, but neither hap- 
pened. 


'The speed of injection was also thought 
to affect the incidence of side effects. It was 
noted that no severe myoclonia occurred 
with the 60-second injection time, but the 
overall incidence of myoclonia was unrelated 
to speed of injection. Pain on injection was 
less frequent with slower injection, but more 
patients in this group had the IV infusion 
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placed in an antecubital vein. The diameter 
of the vein used for injection appears to be 
a more important factor than speed of in- 
jection, but the combination of slow injec- 
tion and the use of a large vein appeared 
best. The incidence of pain on injection 
might also be reduced with an etomidate 
solution buffered to a more normal pH. 


Since low-dose premedication was used in 
this study, it would be interesting to see 
what more premedication would do to the 
incidence of myoclonia and pain on injec- 
tion. The cause of the myoclonia has not 
been identified, so a rational approach to 
reducing its incidence is not available. These 
side effects, although frequent, were of short 
duration and did not significantly affect the 
rating the patients gave etomidate. How- 
ever, the investigator rated the induction as 
bad when severe myoclonia or severe pain 
on injection occurred. 


The present study showed generally simi- 
lar but slightly different results from those 
recently reported by Gooding and Corssen.® 
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The Anesthetic Effect of Oxygen 


RAYMOND A. SMITH, DPhil* 
WILLIAM D. M. PATON, DM, FRS, FRCP} 


Low pressures of О. (3 to 5 atm) cause con- 
vulsions in mice but higher pressures produce 
a state very similar to anesthesia. The authors 
estimated the anesthetic potency of О. in mice 
which were exposed to either N.O alone, Х.О 
+ NaBr, or О. + NaBr. From the dose-re- 
sponse curves, EDs were derived for the 
gases. The ED; for №0 alone was 1.50 + 


Г 1s well known that high pressures of O, 
between 3 and 5 atmospheres (atm) 
cause convulsions in both mice and men.!-? 
At pressures above 10 atm, the convulsant 
effect of O, in mice and rats appears to be 
less dominant; the convulsions are fewer 
and less vigorous, and the mice appear to 
enter a depressed state resembling that of 
anesthetized animals. If mice are pretreated 
with sodium bromide (NaBr) (800 mg/kg) 
the convulsant period can be eliminated, 
and the animals pass directly into a state 
of peaceful anesthesia.3 


An interesting theoretic point arises out 
of this observation. Since the lipid solubil- 
ity of O, is about 1/10 that of N.O (Ostwald 
solubility coefficient in olive oil at 37? C of 
О„ is 0.132, and of N.O is 1.4) the anes- 
thetic partial pressure of O», barring other 
effects, would be expected to be about 10 
times that of NO (ED;,=1.5 atm), or 15 
atm in mice. We therefore decided to esti- 
mate the potency of O, as an anesthetic 
agent and to see how well this potency cor- 
related with its lipid solubility. 


In order to test mice under high pressures 
of О,, the O,-induced convulsions must be 


0.036 atm (n = 12) and 1,11 + 0.041 atm 
(n — 12) in the presence of NaBr, a reduction 
of 25 percent. The О. EDs with NaBr was 


the NaBr, the EDs of О, is estimated at 5.3 
atm. This is lower than predicted from the 
lipid solubility of Oz. 


abolished or at least heavily suppressed. 
Many drugs have been tested for such sup- 
pressant action. Amongst those found to 
have some utility are diethazine, mephene- 
sin, trimethadione, paramethadione, chlor- 
promazine, and NaBr.? Some investigators 
have used sulphydryl-group-containing com- 
pounds such as glutathione, cysteine, and 
thiourea to provide a reducing environment 
which may protect vulnerable sulphydryl 
groups in, for example, metabolic enzymes; 
others have used metabolic agents, in the 
belief that normal cellular respiration and 
oxidative phosphorylation are impaired and 
that agents such as succinate, glutamate, 
glucose, or gamma-aminobutyric acid 
(GABA) might stimulate adenosine triphos- 
phate production to keep up with cellular 
аетапаз.+:5 


Using these approaches, Currie's group: 
showed glutathione or cysteine combined 
with sodium succinate to be the most effec- 
tive in postponing convulsions in dogs, al- 
though these are less effective and more 
variable in small rodents. Of the other drugs 
tested, bromide was protective at high pres- 
sures of O., with the least evidence of de- 
pression and, since its rate of excretion is 
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very slow, a constant drug level may be ex- 
pected over a long period. We decided to 
determine first the degree of depression 
caused by a bromide alone and then to use 
a bromide to protect mice against convul- 
sions during the determination of the O, 
anesthetic effect. 


METHODS 


First we determined the partial pressure 
of М.О alone required to abolish the right- 
ing reflex in half the animals tested by a 
rolling stimulus (the median effective dose, 
ог ED,,,). We used male albino mice from 
CD Tuck #1 stock, previously used in this 
laboratory for the determination of anes- 
thetic potencies. Mice were placed individ- 
ually in 300-ml stainless-steel pressure 
chambers equipped with close-fitting soda- 
lime-filled CO. scrubbers, which were slid 
up and down the chamber at regular inter- 
vals during the course of an experiment. 
The chambers were flushed with O. for 2 
minutes, sealed, and then N..O was admitted 
to the desired partial pressure. 


The chambers were placed in a water 
bath maintained at 30° C, from which they 
were removed after an equilibration period 
of 15 minutes to make the test. Rotation of 
the chambers at 4 rpm for a total of 5 revo- 
lutions provided the stimulus. Response 
was scored as follows: animals which fell 
onto their sides and were themselves rolled 
through 360? twice or more during the 5-rev- 
olution sequence were assigned scores of 0. 
Those remaining upright or falling only 
once were assigned scores of 1. The result- 
ing quantal data enabled construction of a 
dose-response curve from which the ED,, 
was determined, using a logit transforma- 
tion by the method of Waud.* 


Second, we determined the partial pres- 
sure of М.О required to eliminate the right- 
ing reflex in other mice treated with the 
bromide. NaBr in an 8 percent aqueous 
solution was injected IP at a dose of 0.8 
mg/gm 45 minutes before testing. Twenty- 
five minutes after injection, these mice were 
placed in the chambers, flushed with O, and 
N:O introduced to the desired partial pres- 
sure 30 minutes after the injection. The 
mice were tested and results analyzed as 
before. 


Last, the partial pressure of O, required 
to eliminate the righting reflex was deter- 
mined in а 3rd group of mice. These mice 
were treated with the same dose of NaBr as 
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FIGURE. Dose response curves € N,O alone. A 
N.O + 0.8 mg/gm NaBr. g O, + 0.8 mg/gm NaBr. 


above and after 25 minutes were placed in 
the chambers and flushed with O,. O, was 
admitted to the desired pressure 30 minutes 
after injection and the animals were tested 
15 minutes later. Responses, dose-response 
curves, апа ED;, were determined. 


RESULTS 


The 3 dose-response curves are shown in 
the figure, in which the logit of the percent 
positive response is plotted against the dose 
on a logarithmic scale. The reduction in the 
required N.O partial pressure caused by the 
bromide pretreatment can be clearly seen. 
The ED;, values in gauge pressures above 
1 atm of O, were: N.O alone, 1.50 + 0.036 
atm (п = 12); N,O + NaBr, 1.11 + 0.041 
atm (n = 12; and O, + NaBr, 3.91 = 0.077 
atm (п = 12). The dose of NaBr used re- 
duced the N,O ED,, by 26 percent of its 
normal value. It is also evident that the 
Slope of the O, dose-response curve is some- 
what steeper than that for N,O, either with 
or without NaBr. 


If both NaBr and N,O and NaBr and О, 
act independently and additively, then al- 
lowing for the effect of the bromide, the O, 
ED;, would be 5.3 atm gauge pressure. This 
figure may be compared with ED,, values 
for other agents in the presence of 1 atm 
of O.. Although the absolute dose of O, is 
6.3 atm, it must be remembered that 1 atm 
of O, is almost always present in the deter- 
minations of anesthetic potency of other 
agents in mice, 


736 


ANESTHESIA AND ANALGESIA 


DISCUSSION 


The finding of a 25 percent contribution 
from NaBr to the anesthesia produced by 
N.O is not surprising in view of the long 
history of the use of bromides as a depres- 
sant to control epileptiform convulsions. Al- 
though bromism is now rare and anesthesia 
during bromide intoxication unlikely, it is 
worth noting that the bromide can itself 
make a significant contribution to the total 
anesthetic effect. 


The estimated requirement for О. anes- 
thesia is less than half that expected on the 
basis of its lipid solubility. Two effects could 
contribute to alter the true requirement of 
O, for anesthesia. First the metabolic re- 
moval of O, from solution rather than from 
oxyhemoglobin would tend to lower the 
actual tension of dissolved O, in the brain 
leading to an overestimation of the required 
O, tension for anesthesia. Second, cerebral 
CO, tension and tissue acidity will tend to 
increase due to the absence of reduced 
hemoglobin and thus impair removal of 
СО... The degree of this latter effect is prob- 
ably negligible, but would tend to under- 
estimate the true O. tension for anesthesia. 


A possible explanation of the greater- 
than-predicted potency of O, is that NaBr 
is incapable of removing completely the de- 
leterious effects of high-pressure О,. Since 
the convulsant properties of O, are probably 
mediated through the inhibition of synthesis 
or reduction of the levels of metabolites 
such as САВА," it is unlikely that NaBr 
acts reciprocally to restore or maintain these 
levels. In other words, the convulsant prop- 
erties of O, and the protective properties of 
NaBr are probably mediated via different 
mechanisms. 
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The NaBr may confer a certain amount 
of protection, by virtue of its depressant 
effects, against increased neuronal activity, 
but beyond that amount, convulsions will 
prevail, although in an attenuated form. In 
this case, the rolling response test may be 
unable to differentiate between the prostra- 
tion following an attenuated convulsion and 
that associated with anesthesia. That we are 
indeed observing either a different mecha- 
nism of depression or even a different phe- 
nomenon with O, is suggested by the steeper 
dose-response curve compared with М№,О. 
The interaction of the stimulatory effects of 
O, may indicate that our assumptions con- 
cerning additivity and independence of ac- 
tion of NaBr and О, or N.O are question- 
able. 
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Case History Number 92: 


Prolonged Apnea After Succinylcholine in a Dental Outpatient 


RICHARD G. McLAREN, MB* 
EMERSON A. MOFFITT, MD1 


Halifax, Canadat 


28-YEAR-OLD man, 185 cm tall and 

weighing 77.3 kg, was admitted as an 
outpatient for dental extractions under gen- 
eral anesthesia. 'There were no positive 
findings in his history; he had had an un- 
eventful tonsillectomy as a child, details on 
the anesthetic are not known but it seems 
highly unlikely that he received succinyl- 
choline (SCh). On admission, all physical 
and laboratory findings, including hemo- 
globin and urinalysis, were within normal 
limits. 


He came to the operating room unpre- 
medicated, and after atropine (0.6 mg) IV, 
anesthesia was induced with sodium thio- 
pental (350 mg). Succinylcholine (80 mg) 
was given to facilitate nasotracheal intuba- 
tion. Anesthesia was maintained with halo- 
thane-N.O-O,. Initially, he was ventilated 
manually, but apnea persisted following the 
SCh despite CO, challenge, obtained by 
hypoventilation and increasing the inspired 
concentration. Accordingly, mechanical ven- 
tilation was instituted. At no time were 
there untoward changes in his pulse and 
blood pressure; the operation proceeded un- 
eventfully. 


At the end of operation, he was trans- 


*Resident. 


+Professor and Head. 


ferred to the recovery room with the endo- 
tracheal tube in place, under controlled 
manual ventilation. Spontaneous respiratory 
activity returned after arrival in the recov- 
ery room, approximately 60 minutes after 
the SCh injection. The patient's minute vol- 
ume increased to 5 L/min and he began 
coughing on the endotracheal tube. Periph- 
eral muscle tone was still clinically reduced, 
but he was conscious and alert and was 
therefore extubated. A blood sample was 
taken for pseudocholinesterase activity and 
phenotyping. He was discharged home 2 
hours postoperatively with no residual ef- 
fects. 


The cholinesterase estimation, by the 
King modification of the Kalow-Lindsay 
method,* showed pseudocholinesterase, 588 
mg/ml (normal 620 to 1370 mp/ml), dibu- 
caine 18, fluoride 21, chloride 55. These re- 
sults indicate that the patient is an atypical 
homozygote for cholinesterase, an E,* E,* 
phenotype. He is thus invariably at risk 
regarding SCh apnea and has been so ad- 
vised. Unfortunately, surviving members of 
the patient’s family are not available for 
phenotyping. 





*See references following discussion. 
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Comment 
EMERSON A. MOFFITT, MD 


Soon after SCh began to be used clinically, it was found that prolonged apnea, 
after a small dose, occurred in a small proportion of patients. The causal relation 
to low serum levels of cholinesterase was brought out between 1955 and 1960 by 
Dr. Walter Kalow of the University of Toronto. Since then, more work on this 


subject has been done by many investigators, among them Dr. King at the Royal 
Infirmary, Glasgow. 


Succinylcholine apnea can be easily managed by artificial ventilation. But it 
still occurs unexpectedly, as seen here in a dental outpatient. When it does, 
phenotyping of the patient and family should be done, that they may alert the 
anesthesiologist prior to future anesthetic procedures. 


Guest Discussion 


J. KING, BSc, PhD 


Department of Biochemistry 
Royal Infirmary 
Glasgow, Scotland 
M. J. McQUEEN, MB, ChB, PhD 
Department of Biochemistry 
Camp Hill Hospital; 
Pathology Department 
Dalhousie University 
Halifax, Canada 


The pharmacologic properties of succinyl- 
choline were first described in 1906,! but its 
value as a short-acting muscle relaxant was 
not realized until 1949.? Since then, many 
cases similar to this have been described. 
It provides a timely reminder that since it 
is well understood in modern anesthetic 
practice, this phenomenon does not repre- 
sent a major hazard to the patient. It is, 
however, a legitimate cause for concern, and 
may demand prolonged intensive attention. 


This patient did not exhibit spontaneous 
respiratory activity until approximately 60 
minutes after the SCh injection. The apneic 
response is due to an alteration in the en- 
zyme molecule which results in the drug not 
being hydrolyzed as rapidly as normally 
and thereby prolonging the effect. This 
molecular change carries only a pharmaco- 
logic, not a physiologic, penalty. 


Before discussing the relationship between 
enzyme levels and the length of the apneic 
episode, we would like to stress the need 
for adherence to international agreements 
relating to enzyme nomenclature. In human 
tissues there are 2 enzymes which hydrolyze 
choline esters.? Several terms have been 
used for the enzyme which predominates in 





nerve tissue and is also present in erythro- 
cytes, including “specific,” “true,” “aceto,” 
or “e-type” cholinesterase. The liver-synthe- 
sized enzyme found in blood serum has been 
called “nonspecific,” “pseudo,” “butyro,” or 
“s-type” cholinesterase. 


Such a proliferation of names has served 
to confuse. The modern nomenclature, while 
recognizing that these hydrolases have over- 
lapping substrate specificities, acknowledges 
that the nerve and erythrocyte enzyme di- 
rects its specificity toward acetyl esters and 
is called acetylcholinesterase (E.C.3.1.1.7, 
acetyl choline acetyl-hydrolase). The serum 
enzyme of interest in this case report directs 
its specificity toward choline esters and is 
correctly called cholinesterase (E.C.3.1.1.8, 
acylcholine acyl-hydrolase). 


Apart from the confusing biochemical ter- 
minology, the multiplicity of methods and 
reference values with which anesthesiolo- 
gists have been bombarded, a major problem 
has been in attempting to correlate the sen- 
sitivity of the patient with the reported cho- 
linesterase activity and inhibitor numbers. 
The present "state of the art" indicates that 
50 percent of cases of SCh apnea cannot be 
predicted: and occur in individuals who 
are homozygotes or heterozygotes for the 
usual enzyme (E,*E,%; E,wE,s Е, Е,%; 
E,"E,f). A screening procedure to cover all 
patients being served by the surgical serv- 
ices in a 3,000,000 population area would 
reveal 1 patient every 10 days with a pre- 
dictably sensitive phenotype. Unfortunately, 
during the same period 1 unpredictable SCh 
apnea would have occurred.® This is not the 
basis for a satisfactory screening program, 
particularly when modern anesthetic prac- 
tice can handle the apneic problem so well. 
There is no significant morbidity or mortal- 
ity directly attributable to SCh apnea which 
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requires to be balanced against a limited 
success rate for screening. 


A linear relationship does not exist be- 
tween reported cholinesterase activity and 
sensitivity in individuals of predictable sen- 
sitivity. As a generalization, it is true that 
the lower the cholinesterase activity and 
dibucaine and fluoride numbers, the more 
prolonged the apneic response to succinyl- 
choline. It is necessary to consider the bio- 
chemical procedures in use in order to un- 
derstand why this relationship is not in- 
variably present. 


The assay procedure for cholinesterase 
activity reported in this case was that of 
Kalow and Lindsay? modified by King? and 
measured at 25° C. There is a wide overlap 
of activities from all phenotypes, and a num- 
ber of SCh-sensitive people have normal 
cholinesterase activities. When the same 
procedure is carried out at 37? C, the dis- 
tribution of activities for the usual homozy- 
gotes shows no significant changes. However, 
the activities of the SCh-sensitive pheno- 
types is substantially reduced and none re- 
main in the normal range. This indicates 
that a valid assay of cholinesterase activity 
can be carried out only at 37? C. Such an 
assay shows a good correlation between 
cholinesterase activity and patient sensi- 
tivity. 


However, it has been shown? that accu- 
rate phenotyping requires at least two in- 
hibitor numbers, of which one must be fluo- 
ride. The phenotype discrimination of dibu- 
caine can be retained at 37? C, but no ma- 
nipulation of substrate and inhibitor con- 
centrations preserves the discriminatory 
ability of fluoride at 37? C. On balance, we 
believe that it is better to be able to pheno- 
type precisely and, hopefully, avoid future 
problems for the patient and his family, 
rather than to have the enzyme activity cor- 
relate with the patient sensitivity after the 
event has occurred. 


Little attention appears to have been paid 
to the effects of substrate and temperature 
on the predictive value of the test. It has 
already been pointed out!? that in an offi- 
cial selected method of the American Asso- 
ciation of Clinical Chemists,!! the combina- 
tion of the substrate propionylthiocholine 
and a reaction temperature of 37? C results 
in poor phenotype discrimination. A recent 
report!? has supported aspects of this earlier 
observation. 


It is also indicated in the present case 
report that phenotyping of the patient's 
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family is desirable. While we do not con- 
sider population screening to be a worth- 
while exercise, we do agree strongly that 
phenotyping should be offered to close blood 
relatives of any patient who has had an SCh 
apnea. Sensitivity cards can then be issued 
to all individuals of the 4 phenotypes invari- 
ably at risk: E,*E,*, E,2E,f, E,fE,f, and 
EE, 


Not enough attention generally seems to 
be paid to the necessity of assuring the pa- 
tient and his family that current knowledge 
knows of no other genetic problems or drug 
sensitivities associated with these pheno- 
types. Patients are also reassured by the 
knowledge that the existence of other muscle 
relaxants means that any future operations 
they may require will not be a major de- 
parture from normal anesthetic procedure. 
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A Precordial ECG Lead for Chest Operations 


BRIAN DALTON, MD* 


HE limitations of the standard ECG limb 

leads in detecting myocardial ischemia 
have led to the adoption of various left pre- 
cordial leads (Vy, V; CS, or CM.) in 
stress testing of coronary heart disease pa- 
tients.! During anesthesia in such patients, 
tachycardia, hypertension, excessive myo- 
cardial contractility, hypotension, and hy- 
poxia may invoke myocardial distress. Use 
of a precordial lead to detect myocardial 
ischemia does not appear to be widely prac- 
ticed. Objections include prior skin trauma 
and, in thoracic operations, concern about 
proximity to the sterile area. 


A sterile technic has been used in over 
1500 cardiac operations performed through 
a median sternotomy. After completion of 
the preoperative bacteriocidal preparation 
of the skin, a sterile all-metal spinal needle 
is inserted in the V, or V; area. One end of 
a sterile 15-meter-long insulated wire with 
alligator clips at either end is attached to 
the needle hub (fig 1). The needle and ad- 
jacent wire are secured to the chest with 
Sterile adhesive sheet plastic and sterile 
draping is completed. The free end of the 





Schema of sterile needle and wire con- 


Fig 1. 
nected to the precordial (exporing) electrode and 
2 electrocardiographs. 


insulated wire is connected to the precordial 
exploring lead of a conventionally applied 
ECG cable. 
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Brief Reports 


Lead Г 


Lead V; 


Fic 2. Simultaneous ECG tracings displaying ST segment depression in V 


A second ECG allows simultaneous re- 
cording of a precordial and standard lead. 
ST segment depression characteristic of sub- 
endocardial ischemia is frequently observed 
in only the precordial lead (fig 2). 


No complications involving pneumotho- 
rax, hemorrhage, or electric burns have been 
encountered. To prevent burns at the site of 
ECG electrode placement during use of an 
electrosurgical unit, inductors have been 


A Safety Valve for the 
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recommended" ? to provide essential energy 
return. 
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Pediatric Rees System 


SIVAM RAMANATHAN, MD* 
JACK CHALON, MD} 
HERMAN TURNDORF, MDi 


New York, New York§ 


AYLOR and Stoelting! have pointed out 
the dangers associated with the use of 
the Rees pediatric system: (1) pneumotho- 
rax, which may follow a sudden rise in sys- 
tem pressure caused by inadvertent kinking 
of the free-flow connector, malfunction of 


*Assistant Professor of Anesthesiology. 
tAssociate Professor of Anesthesiology. 


the bag-tail pop-off valve, or accidental use 
of the O, flush mechanism with the bag-tail 
pop-off closed, and (2) complications (or 
death) arising from spillage of liquid anes- 
thetics from the vaporizer into the T-piece, 
caused by the sudden release of a kink in 
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the delivery tube in a system constructed 
without a liquid trap. Rees? also has men- 
tioned the high system pressure that may 
result from the manual compression of small 
bags in which the force per unit area ratio 
is high. Although pressure-release systems 
have been advocated at the patient end of 
the system,! we have investigated the use of 
a safety valve placed at the common gas 
outlet of the anesthesia machine. 


METHODS 

The pressure-release mechanism of a 
Hope pediatric resuscitator,* the most com- 
monly used pediatric resuscitator bag,? was 
employed to devise a safety valve for the 
Rees system. The patient end of the Hope 
resuscitator was removed from its inflator 
bag. This plastic assembly consists of a non- 
rebreathing valve, a pressure-relief valve set 
to pop off at 31 torr, and a tube-mask mount. 
The nonrebreathing valve was removed by 
unscrewing it from its plastic seat. 'The ori- 
fice through which the valve had been re- 
moved was then sealed. 'The modified plastic 
assembly, now only incorporating the pres- 
sure-relief mechanism, was then attached to 
the common gas outlet of an anesthesia ma- 
chine by its bag attachment port, and placed 
in such a fashion that the tube-mask mount 
faced upward (fig 1). 


'The machine end of the gas delivery tube 
of a Rees pediatric system was joined to 
the tube-mask mount of the resuscitator by 
a 6-mm endotracheal-tube connector. The 
Rees system was composed of a 0.5 L anes- 
thesia bag with a tail pop-off valve, a 30-cm 
corrugated free-flow connector, a T-piece, 
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Fic 1. Jackson-Rees system attached to pressure- 
release system of an Ohio Pediatric Hope Resusci- 
tator. The patient end is connected to a 1-L anes- 
thesia bag for the experiments shown in figure 2. 





*Ohio Medical Products, Madison, Wisconsin. 
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and an elbow connector with a side arm. 
Finally, a 1 L anesthesia bag was attached 
to the patient end of the elbow connector, 
and the side arm of the elbow connector was 
joined to a pressure transducer by a short 
piece of tubing. The transducer was elec- 
trically connected to a multichannel record- 
er. 'The anesthesia system was used with a 
5 L/min fresh gas flow and the bag tail was 
closed. 


Three sets of pressure recordings were 
made: (1) without applying pressure on the 
bag of the Rees system, (2) by strongly 
compressing the bag, and (3) with the O, 
flush valve of the anesthesia machine at 
first partly and then fully opened. 


RESULTS 

In the pressure tracings shown in figure 
2, panel A depicts the pressure recording 
when a 5 L/min fresh gas inflow only is 
introduced into the system. Over a 4-second 
period, the pressure gradually rises from 15 
to 30 torr and then drops back abruptly to 
15 torr within 1 second, after which the 


Pressure (Torr) 





10 15 20 
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Fic 2. Pressure variations within the Rees sys- 
tem with a fresh gas flow of 5 L/min and without 
gas escape from the bag tail: Panel A: With con- 
stant flow and without external compression of the 
bag. Panel B: With forcible manual compression of 
the bag. Panel C: Without extemal compression 
of the bag but with the O, flush system at first 
partially and later fully operating. MSR — maximum 
safe pressure range. 
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Brief Reports 


cycle is repeated. Panel B demonstrates the 
pressure variations within the system when 
the bag is forcibly compressed manually. 
Maximum pressures recorded do not exceed 
31 torr. Panel C is a tracing of system pres- 
sures when the O. flush of the anesthesia 
machine is at first partly and later fully 
opened; the curve obtained is at first simi- 
lar to that depicted in panel A but the pres- 
sures reached are lower (10 to 25 torr). 
Later, when the O, flush valve is fully 
opened, system pressure rises to and re- 
mains at 27 torr. 


DISCUSSION 

All experiments showed that, under the 
conditions studied, the pressure within the 
Rees system never rose above 40 cm H,O 
(31 torr), which is below the safe maximum 
limit of 50 cm H,O advised by Avery.‘ In 
addition, the pressure-release valve assem- 
bly can also act as a receptacle for acciden- 
tally spilled liquid anesthetics so long as 
the tube-mask adapter is placed face up- 
ward. Fitting this device at the machine 
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end of the system eliminates the addition of 
bulky components within the anesthesia 
circuit, as recommended by Taylor and 
Stoelting.! 


We strongly recommend the use of this 
instrument whenever a Rees system is used, 
as it will prevent the development of pneu- 
mothorax caused by a sudden rise in system 
pressure or the inhalation of liquid anes- 
thetics. The eventual manufacture of this 
apparatus will avoid the dismantling of 
existing equipment. 
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Hazards of Disposable Rebreathing Circuits 


JAMES E. COTTRELL, MD* 
WILLIAM BERNHARD, МОТ 
HERMAN TURNDORF, MD} 


New York, New York§ 


HE use of disposable rebreathing cir- 

cuits has increased greatly in the past 
decade, largely because of the decreased 
likelihood of pulmonary cross-contamina- 
tion.2 We have noticed that circuits fre- 
quently are defective as delivered by the 
manufacturer. The most frequently seen 
faults include: 


1. Kinking, which occurs easily in some 
circuits (fig 1-a). Partial kinking will mark- 
edly increase the resistance to breathing. 


+ Assistant Professor of Anesthesiology. 


+Associate Professor of Anesthesiology. 


Complete kinking, if not detected, may be 
life threatening. 


2. Indentation into the breathing circuit 
lumen (fig 1-b), which may disturb laminar 
air flow enough to increase system flow re- 
sistance.? 


3. Fractures in the polyethylene connec- 
tors (fig 2-a) that create leaks large enough 
to decrease gas delivery to the patient. This 
is particularly hazardous during mechanical 
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А à 
Fic 1. a. Kinking of a circuit. b. Indentation into 
the breathing-circuit lumen. 


ventilation or closed-circuit anesthetic ad- 
ministration, and theoretically may create 
hazards to operating-room personnel because 
of environmental pollution.*:? 


4. Separation of the swivel connector of 
some circuits (fig 2-b), which occurs com- 
monly and may be difficult or even impos- 
sible to restore during an anesthetic proce- 
dure. 


5. Leaks, which have been noted at con- 
nector sites, as well as at various sites along 
the corrugated tubing itself. Because such 
leaks are not ordinarily anticipated, they 
may not be looked for when they occur. 
Scavenger devices, of course, are ineffective 
at these sites." 


One of the disadvantages of disposable 
circuitry has been increased cost. If circuits 
must be discarded because of defects, real 
costs become higher. 


Disposable anesthesia circuitry may be a 
potential source of unexplained airway ob- 
struction or leak; close inspection of anes- 
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Fic 2. a. Fracture in the polyethylene connectors. 
b. Separation at the swivel connector. 


thesia circuitry before use is therefore man- 
datory. Sufficiently rigid quality control 
must be initiated to avoid unnecessary haz- 
ards to patients as well as to attending 
personnel. 
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A PEEP Device for a Manual Bag Ventilator 


AZRIEL PEREL, MD* 
DAN EIMERL, MD} 
MORRIS GROSSBERG, IRIT 


Jerusalem, Israels 


EEP (positive end-expiratory pressure) 

is one of the major therapeutic technics 
in the treatment of various forms of adult 
respiratory-distress syndrome. Commonly 
used volume respirators have built-in PEEP 
valves. There are, however, situations in 
which the patient cannot be ventilated by 
a mechanical respirator, such as during 
transportation within or to another hospital. 
Ventilation is then usually accomplished 
using a manual bag ventilator. The discon- 
tinuation of PEEP can be hazardous in 
patients with severely compromised oxygen- 
ating capacity, since Pao, may decrease 
immediately when ventilation in these pa- 
tients is changed from continuous to inter- 
mittent positive-pressure.! 


The usual means of maintaining PEEP 
while the patient is disconnected from the 
respirator is by submerging an extension 
from the expiratory valve below water or by 
using a weight-operated valve. These meth- 
ods require that the PEEP device be main- 
tained in the upright position. We propose, 
instead, the use of the Exhalation Pressure 
Valve* originally designed to produce con- 
tinuous positive airway pressure during 
spontaneous ventilation. 


'The exhalation pressure valve consists of 
a body with a spring-loaded exhalation valve. 
A knob adjusts the exhalation pressure be- 
tween 0 and 6 cm H,O. Calibration marks 
indicate the pressure setting. 


The valve is attached to the expiratory 
port of a manual respirator with a short 
length of corrugated rubber tubing (figure). 
The end-expiratory pressure can be con- 
trolled by adjusting the pressure knob. This 
simple device enables the maintenance of 
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FicURE. Exhalation pressure valve (A) connected 
with a short corrugated tube (B) to the expiratory 
port (C) of a manual respirator (D). The tube is 
attached to the side adapter between C and D. 


PEEP within the limits of the apparatus 
(up to 6 cm H,O) without the difficulties 
involved in maintaining the PEEP device 
upright during transport. It also provides 
better oxygenation while inflating the lungs 
during physiotherapy and suction proce- 
dures in patients with respiratory failure. 
It may further prove useful in the early 
institution of PEEP in battle casualties with 
pulmonary edema, after initial resuscita- 
tion. 
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The Tracheal Bronchus: An Unusual Airway Problem 


TAMERISA VENKATESWARLU, MD* 
CECIL J. TURNER, МОТ 
JAMES D. CARTER, МО: 
DEAN Н. MORROW, MD§ 


Houston, Texas || 


А eroe abnormalities of the airway 
are of particular concern to the anes- 
thesiologist. This report, which describes a 
patient with a congenital tracheal bronchus, 
is presented to alert the anesthesiologist to 
an unusual developmental defect of potential 
importance in airway management. 


REPORT OF A CASE 


A 2-year-old girl was admitted to the hos- 
pital with a history of recurrent croup. The 
child had experienced recurrent pulmonary 
infections, bronchiolitis, and asthma since 
2 months of age. At the time of admission, 
the mother described fairly characteristic 
croup symptoms which seemed to coincide 
with periods of moderate exercise. The past 
medical history was negative except for 
several hospitalizations related to the pres- 
ent illness. Approximately 1 year before the 
present admittance, cardiac catheterization 
had ruled out a left pulmonary arterial 
vascular ring. 


Physical examination on admission showed 
inspiratory and expiratory stridor. Hemo- 
globin, hematocrit, and WBC were within 
normal limits. Immunoglobulins were nor- 
mal and a sweat test was negative. Throat 
culture grew a mixed bacterial flora. The ad- 
mission chest x-ray was considered consis- 
tent with nonspecific peribronchial disease. 
Two series of esophagograms, a week apart, 
were inconclusive for the presence of a vas- 
cular ring. 


'The child was placed in a croup tent and 
treated with IPPB using racemic epineph- 
rine, and with parenteral ampicillin. On the 
10th hospital day, bronchoscopy was per- 
formed under halothane anesthesia. 'The 
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postbronchoscopy diagnosis was deformity 
of the carina, of unknown etiology. Two days 
later, bronchograms were obtained under 
general endotracheal anesthesia using the 
same agents. This study revealed a right 
tracheal bronchus arising approximately 2.5 
cm proximal to the carina (figure). Two 
days later the child was discharged with 
arrangements for home respiratory therapy. 





Ficure. Bronchographic study revealing the pres- 
ence of an apical displaced, right tracheal bronchus. 
'The left tracheal shadow at the level of the 1st 
rib is suggestive of a vascular ring, although this 
was not verified by cardiac catheterization or 
esophagograms. The potential for inadvertent intu- 
bation or occlusion of this lower airway anomaly is 
apparent. 
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COMMENT 


The respiratory tract originates from the 
anterior division of the embryonic foregut 
at about 4 weeks of gestation.! The tracheo- 
bronchial diverticulum originates in the 
pharynx and divides into the 2 major bron- 
chial branches which subsequently give rise 
to the segmental bronchi, bronchioli, ter- 
minal bronchi, and alveoli? During the Ist 
weeks of life, a tracheal bronchus is present 
but usually resorbs in the human, although 
it persists as a normal anatomic feature in 
swine, cattle, sheep, and other ruminants.? 


Two variants of the persistent tracheal 
bronchus have been reported: (1) the super- 
numerary, which is an additional airway 
supplying the right upper lobe, and (2) the 
more-common apical displaced variant, in 
which the bronchus to the right apical lung 
segment arises directly from the trachea.! 
As can. be seen in the figure, the apical dis- 
placed variant was present in the child de- 
Scribed. 


То our knowledge, this is the 2nd report 
of a tracheal bronchus in infancy and child- 
hood. The first, reported by Iancu and col- 
leagues,! was in a 7-month-old boy. How- 
ever, comments by bronchoscopists suggest 
that this form of airway anomaly may be 
more frequent than the literature indicates. 


SUBCUTANEOUS HEPARIN. 
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From a practical clinical point of view, 
inadvertent intubation or occlusion of the 
tracheal bronchus with secondary unantici- 
pated ventilatory difficulties are significant 
potential hazards in patients with this con- 
genital anomaly. Bronchial intubation dur- 
ing the 2nd anesthetic procedure in our pa- 
tient could have resulted had the endotra- 
cheal tube been advanced an additional 3 
to 4 cm, resulting in overdistention of the 
right upper lobe, with compression of adja- 
cent lung tissue or pneumothorax. Addition- 
aly, this airway segment could easily be 
occluded by the cuff of an endotracheal 
tube, causing collapse of the lobe. 


Thus, although statistically uncommon, 
the presence of a persistent tracheal bron- 
chus warrants consideration in the differen- 
tial diagnosis of unanticipated airway prob- 
lems, particularly those which occur follow- 
ing intubation. 
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The effect of low dose heparin prophylaxis on the 


incidence of vein thrombosis, surgical bleeding and wound hematoma, was determined 
after abdominothoracic surgery. Subcutaneous heparin, 5000 units, was administered 
two hours preoperatively and then every eight hours postoperatively for seven days. 
The incidence of vein thrombosis was reduced from 16 percent in control patients to 


3.6 percent with heparin prophylaxis. 


More signifieantly, the incidence of popliteal 


or femoral vein thrombosis was reduced from 2.9 percent to 0.8 percent. Heparin 
prophylaxis resulted in clinically insignificant increases in blood loss, wound hematoma 
and fall in hematocrit. (Gallus AS, Hirsh J, O'Brien SE et al: Prevention of venous 
thrombosis with small subcutaneous doses of heparin. JAMA 235:1980-1982, 1976) 
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Innominate Artery Compression Simulating Cardiac Arrest 
During Mediastinoscopy: A Case Report 


JAE-HWAN LEE, MD* 
ANTHONY SALVATORE, МОТ 


White Plains, New York} 


M meszoscory has become а recog- 
nized means of diagnosis and of de- 
termination of resectability, bronchogenic 
carcinoma, sarcoidosis, and other mediasti- 
nal masses. A case is presented of innomi- 
nate (brachiocephalic) artery compression 
simulating cardiac arrest, with severe brady- 
cardia, during mediastinoscopy. Unusual 
problems and anatomic relationships are de- 
scribed, and the importance of continuous 
monitoring during mediastinoscopy is 
stressed. 


Carlens! first described mediastinoscopy, 
the technic of examining the paratracheal, 
subcarinal, and suprahilar areas of the medi- 
astinum, in 1959. Since that time, the pro- 
cedure has become generally familiar for 
diagnosis and preoperative evaluation.?° 


The rationale for mediastinoscopy de- 
pends on the fact that intrathoracic lym- 
phatic drainage is from the periphery of the 
lung toward the centrally placed paratra- 
cheal lymph nodes. Previous mediastinos- 
copy is an absolute contraindication, be- 
cause scarring eliminates the plane of dis- 
section. Severe tracheal deviation, vascular 
problems such as thoracic aneurysms, and 
increased pressure in the superior vena cava 
are relative contraindications.? 


An alarming and potentially dangerous 
intraprocedural event may be the appear- 
ance of innominate artery compression, as 
described following. 


REPORT OF A CASE 


A 27-year-old black girl was hospitalized 
with a persistent cough associated with 
dyspnea of 1-month duration. Her medical 


* Attending Anesthesiologist. 
+Attending Anesthesiologist. 


history was otherwise unremarkable. Chest 
x-rays showed marked hilar adenopathy 
with an interstitial fibrotic pattern through- 
out the lung fields. Other laboratory findings 
were normal. She underwent mediastinos- 
copy on the 5th day of hospitalization. Pre- 
anesthetic medication consisted of 10 mg of 
morphine sulfate and 0.4 mg of scopolamine. 
Anesthesia was induced with 250 mg of thio- 
pental, intubation of the trachea was facili- 
tated with 40 mg of succinylcholine, and 
anesthesia was maintained with enflurane- 
N.O-O,. Ventilation was assisted manually. 


The patient was placed supine with a 
pilow under the shoulders to extend the 
head slightly, with the head up about 15? 
to relieve venous congestion. We monitored 
the arterial pressure of the right arm by 
cuff, digital pulse with a Datascope? finger 
plethysmograph, and heart action by ECG 
lead II. Fifteen minutes after the medias- 
tinoscopy was started, the finger plethys- 
mographic tracing suddenly disappeared. 
There was no recordable blood pressure and 
no right radial pulse in the presence of a 
normal ECG tracing. Cardiac arrest was sus- 
pected and the mediastinoscope was quickly 
removed. 


Immediately after withdrawal of the me- 
diastinoscope, a normal plethysmographic 
tracing was restored, with adequate blood 
pressure and radial pulsation. No further 
treatment was required. Mediastinoscopy 
was resumed, monitoring heart sounds 
through esophageal stethoscope, and com- 
pression of the innominate artery recurring 
on several occasions for 20 to 30-second 
intervals. A few minutes after the 1st inci- 
dent, the pulse rate decreased from 80 to 
85 to 45 to 50/minute. 'The blood pressure 
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was stable and no cardiac arrhythmias were 
observed. 'This severe bradycardia lasted for 
about 1.5 minutes and returned to a normal 
rate spontaneously. The postanesthetic 
course was uneventful. Mediastinal lymph 
nodes were seen to contain marked granu- 
lomatous change compatible with sarcoido- 
sis. 


DISCUSSION 


The innominate artery may be compressed 
by the mediastinoscope, diminishing blood 
flow not only to the arm but, more impor- 
tantly, to the brain through the right com- 
mon carotid and vertebral arteries. We be- 
lieve that judicious monitoring of carotid 
arterial blood flow is important with pa- 
tients known to have significant arterioscle- 
rotic disease of the carotid artery. 


Transient left hemiparesis following medi- 
astinoscopy have been reported.? Mediasti- 
noscopy under local anesthesia! might be 
advantageous for patients with obstructive 
disease of the carotid artery, so that the 
patient's level of consciousness can be con- 
tinuously evaluated. Use of the Doppler 
apparatus to monitor carotid blood flow 
might offer further advantage. 


In our case, production of simulated car- 
diac arrest was likely due to compression of 
the innominate artery (figure). The vagi 
and their branches may be mechanically 
stimulated, injured directly by sectioning or 
contusion, or injured indirectly by compres- 
sion from hematoma or edema in surround- 
ing tissues. The severe bradycardia was 
probably related to the transient mechanical 
stimulation of the vagus by the mediastino- 
Scope. Since the vagus and cardiac nerves 
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Fieure. Anatomic relationships during medi- 
astinoscopy. 
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may be manipulated, the ECG should be 
continuously monitored during this proce- 
dure. 


The esophagus lies posterior to the tra- 
chea and usually is not in the mediastino- 
scopic area of dissection except in the sub- 
carinal region, where it may be vulnerable. 
Laceration of major vessels in the superior 
mediastinum is also possible. The medias- 
tinal pleura, particularly on the right side, 
lies close to the trachea and the pleural 
space can be entered inadvertently. Other 
complications include death after biopsy of 
pulmonary and innominate arteries, superior 
vena cava and azygos vein, in addition to 
injury of the vagus and recurrent laryngeal 
nerve, air embolism, tumor invasion of the 
suprasternal wound, subcutaneous emphy- 
sema, and cardiac arrhythmias due to inad- 
vertent cardiac biopsy.® 


One should constantly monitor the right 
radial pulse, since vigorous anterior retrac- 
tion on the mediastinoscope will occasion- 
ally compress the innominate artery. Moni- 
toring of arterial pressure of the right arm 
and heart sounds through an esophageal or 
precordial stethoscope is also desirable, as 
is auscultation of the chest for breath sounds, 
and airway problems related to recurrent 
laryngeal nerve injuries should be observed 
postoperatively. 
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Anesthesia for Vanishing Lung Syndrome: 
Report of a Case 


NELSON ISENHOWER, MD* 
ROY Р. CUCCHIARA, МОТ 


A patient with severe bullous emphysema in 
whom one bulla occupied an entire hemithorax 
and shifted the mediastinum to the opposite 
side was anesthetized for bullectomy in a lat- 
eral thoracotomy position using an awake in- 
tubation with a Bryce-Smith double-lumen en- 
dotracheal tube under spontaneous ventilation 


INTRODUCTION 


HRONIC obstructive pulmonary disease 

(COPD), the most common chronic 

lung disease, presents many problems to the 

anesthesiologist.? A Hospital Records sur- 

vey revealed that 22% (175,000) of the em- 

physematous patients discharged in 1974 
had undergone surgery.? 


We wish to describe an emphysematous 
patient who developed a bullous lesion so 
large that it completely filled the right hemi- 
thorax without causing a pneumothorax 
(vanishing lung syndrome). The patient's 
respiratory function was so impaired that 
operative resection of the lesion was re- 
quired. 


CASE REPORT 

A 52-year-old known emphysematous 
male was referred for evaluation of dyspnea 
on minimal exertion and a “right pneumo- 
thorax" on chest roentgenogram. His chest 
films at admission, however, showed a large 
bulla covering almost the entire right tho- 
rax, with the right lung compressed and a 
left shift of the mediastinum. Physical ex- 
amination at admission revealed a slender 
Negro male in moderate respiratory distress 
at rest, with a tracheal tug and intercostal 


on room air. The maintenance anesthetic was 
halothane and oxygen, with pancuronium bro- 
mide for relaxation and ventilation of the good 
lung only. This technique avoids many of the 
potential problems presented by this type of 
patient. 


retractions, increased anteroposterior diam- 
eter of the chest wall, and jugular venous 
distention to 45?. Breath sounds were ab- 
sent on the right side and decreased on the 
left. He was treated with low-flow oxygen 
and antibiotics while beirlg evaluated. 


Pulmonary function tests (Table 1) were 
interpreted as showing a severe obstructive 
defect with hyperinflation. Arterial blood 
gases revealed hypoxemia with carbon di- 
oxide retention (room air: pH 7.41, Po, 52 
mm Hg, Pco, 55 mm Hg). When low-flow 
oxygen was administered (2 liters/min), he 
showed an even greater retention of carbon 
dioxide (pH 7.34, Po, 71 mm Hg, Pco, 64 
mm Hg). Pulmonary arteriogram revealed 
pronounced bullous changes in the right 
upper lung field extending across the mid- 
line and severe compression of the right pul- 
monary artery vessels to the lower portion 
of the right hemithorax. Pulmonary hyper- 
tension was also noted. A xenon ventilation- 
perfusion scan showed a large ventilation 
defect of the right lung. 


On the 10th hospital day, the patient un- 
derwent right bullectomy through a right 
lateral thoracotomy. The patient received 
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TABLE 
Results of Pulmonary Function Tests Before and After Resection of large Bullous Lesion 


Before operation 


After operation 6-Week follow-up 








Yalue % Predicted Volve %, Predicted Valve 9f, Predicted 
MMEF 0.4 L/s 11 0.8 L/s 22 0.8 L/s 23 
FEV,» 610 ml 20 1,060 ml 35 1,470 ml 49 
vc 1,050 ml 27 1,810 ml 46 2,350 ml 60 
FRC 2,570 ml 92 2,830 ml 102 3,060 ml 110 
RV 2,330 ml 149 2,120 ml 136 2,080 ml 133 


3,380 ml 61 


no preoperative medication. A central ve- 
nous pressure catheter, arterial catheter, 
electrocardiogram, and Foley catheter were 
used for monitoring. After diazepam 5 mg 
was intravenously administered, bilateral 
superior laryngeal nerve blocks were per- 
formed with 1% lidocaine, and topical anes- 
thesia of mouth and pharynx was accom- 
plished with 2 cc of 4% cocaine. A 6.5-mm, 
Bryce-Smith double-lumen endotracheal 
tube was inserted while the patient was 
awake and spontaneously ventilating with 
room air. The cuff to the left lung was in- 
flated, and positive-pressure ventilation was 
begun to the left lung only. The lumen to 
the right lung was left open to room air. 
Induction was accomplished with thiopental, 
and relaxation was accomplished with pan- 
curonium bromide. Anesthesia was main- 
tained with halothane, oxygen, and con- 
trolled ventilation. Arterial blood gas values 
were satisfactory in the supine and left 
lateral positions. 


The thorax was opened. The right lung 
was noted to be compressed, and one large 
bulla occupied approximately 95% of the 
hemithorax. The surgeon was unable to ex- 
press air from the bulla. Ventilation of both 
lungs with equal pressure was then attempt- 
ed, and nearly the entire tidal volume ap- 
peared to enter the bulla in the right upper 
lobe. Bullectomy was performed. Several 
smaller (3-cm) bullae were noted and also 
removed. The right lung was expanded. In- 
tercostal nerve blocks were performed with 
0.25% bupivacaine. Anterior and posterior 
chest tubes were inserted. The double-lumen 
endotracheal tube was replaced by an oral, 
8.0-mm, Portex endotracheal tube with a 
low-pressure cuff. The patient was taken to 
the recovery room and placed on a volume 
ventilator (Bennett MA-1). A 600 to 800 
ml leak per breath via the chest tubes was 
noted. 


3,930 ml 71 


4,430 ml 80 


On the first postoperative day, paraverte- 
bral blocks were performed. The right lung 
gradually filled the entire right side of the 
chest. On the second post-operative day, the 
patient was weaned by intermittent manda- 
tory ventilation and the endotracheal tube 
was removed. The patient continued to do 
well, and on the fourth postoperative day, 
the posterior chest tube was removed. The 
air leak gradually decreased, and the sec- 
ond chest tube was removed on the eighth 
postoperative day. 


Postoperative pulmonary function tests 
showed improvement (Table 1). Arterial 
blood gases on room air revealed a pH 7.39, 
Po, 64 mm Hg, Pco, 40 mm Hg. The pa- 
tient noted much improvement in his activ- 
ity tolerance and was dismissed on the 12th 
postoperative day. He was both objectively 
and subjectively greatly improved and re- 
turned to work. Pulmonary function tests 
six weeks after the operation showed little 
further improvement (Table 1). 


DISCUSSION 
The patient with COPD presents several 
different problems to the anesthesiologist.* 
The problems that this patient exemplifies 
were related to three major areas: positive- 
pressure ventilation, oxygenation, and anes- 
thetic management. 


In bullous emphysema, when one bulla is 
very large while other bullae are small, 
Laplace's law relating to the expanding 
force in a hollow structure to the cross- 
sectional area applies. Laplace's law (when 
the thickness of the wall of the sphere is 
assumed to be negligible in comparison with 
the radius of curvature) could be stated as: 
the pressure within a bulla equals two times 
the wall tension of the bulla divided by the 
radius of the bulla. 
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If positive pressure is applied to the air- 
way (that is, by way of an anesthesia bag), 
the large bleb tends to increase in size even 
more." This increase could rupture the 
wall and cause a pneumothorax, and in this 
case, probably a tension pneumothorax. In 
a patient with marginal pulmonary and car- 
diovascular status, the results could be dev- 
astating. A second consideration is that, 
even if a tension pneumothorax did not oc- 
cur, the large bulla could allow most, if not 
all, of the tidal volume to enter its cavity. 
The increase in size of the bulla could shift 
the mediastinum, compress the good lung, 
and allow more of each succeeding tidal vol- 
ume to enter the bulla. However, if a pneu- 
mothorax would occur and the patient could 
be treated with a chest tube of large bore, 
a large bronchial-cutaneous fistula could be 
created, and this could divert the entire 
tidal volume into the chest tube. 


Like many patients with COPD this pa- 
tient demonstrated that his drive to breathe 
was based on hypoxia and not on hyper- 
capnia. A high inspired Fio, in our patient 
might have removed his only drive to spon- 
taneous ventilation. This patient's oxygena- 
tion problems were compounded because, 
not only did he have decreased function of 
lung tissue but he also was effectively ven- 
tilating only one functioning lung. 


Because of this patient's decreased pul- 
monary reserve, premedication was omitted 
before his arrival to the operating room. In 
order to ensure that no positive pressure 
would be applied to the airway, an awake 
intubation was chosen under spontaneous 
ventilation. A double-lumen endotracheal 
tube (left Bryce-Smith) was chosen firstly, 
to ensure that no positive pressure would be 
applied to the bulla and, thus, prevent ven- 
tilating only the bulla or causing a pneumo- 
thorax, and secondly, that ventilation could 
be guaranteed to the good lung, even in the 
presence of a possible bronchial-cutaneous 
fistula. The lumen to the right lung was 
left open to prevent any increase in pressure 
which might be caused by expansion of the 
partially compressed left lung. 


Oxygen was added only after an airway 
was assured and positive pressure could be 
applied to the lungs independently. Halo- 
thane was chosen so that a high Fio» could 
be delivered, as this may be needed for any 
patient in the lateral thoracotomy position 
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and especially in one who has decreased 
pulmonary function. As in any patient with 
a ventilatory defect, the uptake of an in- 
halation agent may be decreased somewhat 
owing to the V/Q abnormalities present. The 
use of nitrous oxide in the presence of an 
air-filled body cavity must be very judi- 
cious.® Nitrous oxide was avoided because 
of its probable diffusion into the bulla, thus 
increasing its size, and because the nitrous 
oxide would decrease the inspired oxygen 
concentration. 


During the surgery, it became obvious 
that several of the theoretic complications 
were no longer theoretic. By avoiding posi- 
tive pressure, hyperinflation of the bulla on 
induction was avoided. After the chest was 
opened, both lungs were ventilated with 
equal pressure. Almost the entire tidal vol- 
ume was displaced into the bulla, and ade- 
quate ventilation could not be maintained. 
By utilization of the double-lumen tube the 
ventilation could be directed away from the 
bulla and into the better lung. The ability 
to inflate or rest the poor lung was helpful 
to the surgeons in locating and isolating 
other resectable bullous areas. 
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Lawrence F. Schuhmacher, Jr., M.D. 


Кески, superlatives are used to sa- 
lute colleagues and to describe their 
accomplishments. In contrast, there are a 
unique few for whom superlatives somehow 
seem out of place, and who are more com- 
fortably identified by their sincerity and 
qualities as real human beings. Dr. Lawrence 
F. Schuhmacher, Jr., Professor and Chair- 
man of Anesthesiology at the Baylor College 
of Medicine, is truly one of these unique 
few. 


Larry was born in Meade, Kansas, the 
oldest of three boys. During his youth and 
early adulthood, he and his brothers alter- 
nated between the summertime physical 
labors of a large wheat farm and the winter- 
time mental labors of school. In 1933, the 
trio graduated together from the University 
of Kansas, two physicians and an engineer. 


Following graduation, Dr. Schuhmacher 
migrated from Kansas to New York City 
for an internship at the Fifth Avenue Hos- 
pital. During the year he met and married 
Florence M. Stout, an obstetrics supervisor. 
During the subsequent 5 years, Larry car- 
ried on a busy general practice in the Dust 
Bowl depression of Western Kansas. Їп 


1940, the Schuhmachers again returned to 
the East Coast, where Larry served 2 years 
as an anesthesia resident at the Lahey Clin- 
ic in Boston. Immediately after training, 
Larry entered the Army. After a year in 
Iceland, his unit was transferred to England. 
Shortly after D-day, he was assigned to a 
Thoracic Surgical Center in the European 
'Theater of Operations, where he remained 
until the end of World War П. He was а 
major at the time of his discharge and the 
recipient of the Bronze Star. 


In 1945, Dr. Schuhmacher accepted the 
joint responsibilities of Professor and Chair- 
man of the Department of Anesthesiology 
at the Baylor University College of Medi- 
cine and Director of Anesthesiology at the 
Hermann Hospital in Houston, Texas. There 
is little question that the Gulf Coast sun- 
shine after the miserable damp-cold of the 
European winters may have influenced this 
move as much as the challenge of the rapid- 
ly developing Texas Medical Center. 


Once relocated permanently in the South, 
Larry organized a formal residency program 
and actively promoted the growth of anes- 
thesiology to parallel the growth of surgery 
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in Houston. Dr. Schuhmacher stepped down 
as Chairman of the Baylor program in 1953 
but retained a Clinical Professorship in the 
Department until 1960. In 1969, he also 
resigned his responsibilities at the Hermann 
Hospital. This training program continues, 
however, and is now incorporated into the 
University of Texas Health Science Center 
at Houston. 


After a brief but "active effort" at retire- 
ment, Dr. Schuhmacher came back to teach- 
ing and the operating room. He returned 
first to Hermann Hospital and then, on a 
part-time basis, to the Houston Veteran's 
Administration Hospital. In 1974, he ac- 
cepted the appointment as Professor and 
Chairman of Anesthesiology at Baylor for 
the second time. On an almost daily basis, 
Larry can be found in the Fondren-Brown 
Cardiovascular Unit of The Methodist Hos- 
pital, caring for patients and imparting to 
trainees what he has learned on the basis 
of two careers in anesthesiology. 


Despite his propensity for patient care, 
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Larry finds time to enjoy the great outdoors. 
Frequently he is accompanied by Mrs. 
Schuhmacher when he is hunting or fishing, 
although with the recent sale of his boat, 
Florence lost her position as First Mate on 
excursions onto the Gulf of Mexico. The 
Schuhmachers’ only child, Lawrence F. III 
(“Mike”), is an anesthesiologist practicing 
in San Antonio, and Larry's brother, Nelson 
R., is an anesthesiologist who has recently 
retired from practice in California. 


Dr. Schuhmacher is a Diplomate of the 
American Board of Anesthesiology, a Fellow 
of the American College of Anesthesiolo- 
gists, and a long-time supporter of the In- 
ternational Anesthesia Research Society. He 
has served as President of both the Houston 
Surgical Society and the Doctors Club of 
Houston and was an ASA Director for 9 
years. 


It is with pleasure that we salute Lawrence 
F. Schuhmacher, Jr., M.D., a colleague and 
friend who has devoted his professional life- 
time to our specialty. 


SHOCK LUNG. Shock lung syndrome follows profound hypotensive episodes secondary 
to hemorrhage or sepsis and is associated with a 60 to 90 percent mortality. The 
present study sought to determine the efficacy of pharmacologic doses of steroids in 
the treatment of this syndrome. Ten patients with the diagnosis of shock lung syn- 
drome were treated with methylprednisolone 30 mg/kg intravenously every 6 hours. 
All patients were mechanieally ventilated and positive end expiratory pressure (PEEP) 
was necessary in 5 patients. There was a progressive increase in arterial oxygenation 
and resolution of pulmonary edema that was not influenced by PEEP. Nine patients 
survived and one died from disseminated intravascular coagulation. The author 
concludes that methylprednisolone improved survival in patients developing shock lung 
syndrome. (Sladen A: Methylprednisolone. Pharmacologic doses in shock lung syndrome. 
J Thorae Cardiovas Surg ?1:800-806, 1976) 
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PLASTIC-COVERED WIRE STYLET 


To the Editor: 


I read with interest Dr. Morris J. 
Nicholson’s article on a plastic-covered solid 
copper wire stylet, which appeared in Anes- 
thesia and Analgesia (55:150, 1976). This 
brought back memories. 


On several occasions, pieces of plastic on 
our stylets would be sheared off and left in 
the patient’s tracheobronchial tree. I won- 
dered if the plastic covering on the new 
TW (thermoplastic, weatherproof) copper 
wire described by Dr. Nicholson would also 
shear. I inserted the 'TW coated wire 
through 2 randomly selected metal endo- 
tracheal tube connectors, made a kink in 
the wire, and then pulled the stylet out of 
the endotracheal connector. The results— 
a partially sheared-off piece of plastic (fig- 
ure). 


No doubt Dr. Nicholson's material is 
superior to that which I used many years 
ago; however, I wonder if a warning should 
be included that the possibility of shearing 
some of the coating still exists. I am sure 
that the chances of this plastic covering 





Diverticulum 





being sheared while using plastic endotra- 
cheal tube connectors would be almost nil. 


The stylet described by Dr. Nicholson is 
an improvement over, other forms of coated- 
wire stylets and I plan to replace the spiral- 
wire stylets because of the distinct advan- 
tages of these plastic-covered stylets. 


Charles J. Restall, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 


'To the Editor: 


Dr. Restall raises a very important ques- 
tion concerning the safety of the plastic- 
covered solid copper wire ( 412) stylet which 
I described. To date we have not been aware 
of this complication occurring in our prac- 
tice. Recently, I have tried to reproduce 
the shearing effect described by Dr. Restall 
when he pulled a kinked stylet through a 
metal endotracheal tube connector; how- 
ever, I had the metal connector inserted in 
an endotracheal tube as it would be used 
in clinical practice. Even when the tube and 
stylet were bent at a 90? angle or greater, 
I was not able to produce any shearing of 
the plastic coating. Nevertheless, this is an 
important consideration which must be con- 
stantly kept in mind and for which these 
stylets should be examined after each use. 


If any of our readers have experienced 
this complication (a piece of the sheared 
plastic coating remaining in the tracheo- 
bronchial tree), I would greatly appreciate 
hearing from them. 


Morris J. Nicholson, MD 
Department of Anesthesiology 
Lahey Clinic 

Boston, Massachusetts 
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In each issue of the Journal an article of 
particular interest and value to anesthesi- 
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ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular commercial firm or its 
product by Anesthesia and Analgesia— Cur- 
rent Researches. 


Attorney Urges Study of Doctors' Professional Relationships 


E. BLAKE MOORE 


Spears, Moore, Rebman & Williams 
Law Offices 


Chattanooga, Tennessee 


E. Blake Moore delivered the following address 
at a meeting of the Tennessee Valley Medical 
Association in 1975. Among the audience were 
a number of doctors whom Moore has defended 
in medical malpractice suits. Moore speaks 


соор bit of my professional life has 
been dedicated to the defense of medi- 

cal malpractice claims. It is Something I 
like to do. Defending you is a challenging 
and personally satisfying part of my work. 
In short, I like you people and would like 
to be put in the category of friend, not foe. 


I say this introduction because I want to 
talk to you in a way that might be accept- 
able to you only if you keep it firnly in 
your mind that I really am on your side. 


My topic is an effort to demonstrate some 
of the common sense, simple things that go 
зо far to make you good doctors and good 
people—and, therefore, believe it or not, 
“immune” from claims of malpractice. So, 
what are some of these simple things? 


Let's start with the most obvious—your 
relationship (or lack of one) with your pa- 


candidly and gets directly at the heart of a 
fundamental issue in the malpractice situation. 
That is, doctors' relationships—with their pa- 
tients, with other doctors, and with lawyers. 


tients. Isn't it strange that the person who 
first comes to you in complete confidence, 
fully prepared to refer to you fondly as *my 
doctor," is the very same person who sues 
the heck out of you? 


Quite obviously, somewhere along the 
line, something went wrong to cause such a 
wonderful start in a mutually beneficial re- 
lationship to end up fraught with suspicion, 
frustration and anger. 


It's right here—in the midst of your rela- 
tionship with your patient that most of the 
malpractice cases get started. 


You can blame anyone or anything you 
want—the law, lawyers, courts, juries, insur- 
ance companies, or the changing times. But 
if you don't examine yourself, your patient 
and how the two of you are doing in your 
human relationship, you will be putting the 
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blame in the wrong place. Moreover, you 
will be ignoring a major cause of malprac- 
tice litigation and you will be contributing 
to making the situation worse. 


As you look at yourself and your patients, 
do you see how you are isolating yourself 
from your patient? Do you have one of 
those offices where the patients are herded 
into a corral, often called a “waiting room," 
or out into the hall? 


Is your office built so that a great wall 
separates all “your people" from "them?" 
(Oh, yes, I know you cut a hole through 
which one can talk and hand money) . Those 
walls are terrible mistakes. 


Have you got a "front line" of women 
whose only goal in life is to protect you 
from your patients? Do you take time to 
find out if those front line ladies are as nice 
to your patients as they are to you? Do 
you realize how much harm is done by the 
women who “тап” the wall? Do your pa- 
tients wait for hours, even 30 minutes, to 
have a few precious moments of your time? 
Are you oblivious to the value of your pa- 
tients’ time? 


Do you enjoy your work and your pa- 
tients or, is your practice more like a pro- 
duction line with quotas to make? 


What caused you to become a doctor in 
the first place? What impels you in your 
practice? Is it a genuine interest in serving 
mankind or is it the profit potential? Do 
you place financial considerations above the 
physical or emotional needs of your pa- 
tients? 


Have you “had to" develop a good many 
hard-headed business practices as part of 
your handling of your patients? Has your 
idealism been replaced by "practical busi- 
ness considerations?" 


Are you job-oriented? 'That is, do you 
attempt to serve your patients by a cold 
purely scientific approach wherein the pa- 
tient is merely another case, a detached 
problem, to be solved and disposed of? Do 
you have the attitude that you should re- 
fuse to be led around by the nose by your 
patients? And, the companion attitude— 
that you must train your patients to adhere 
to your schedules and patterns of life—in- 
deed even to timing their illnesses? 


Do you or “your people" at the wall in- 
dulge in untruthful representations that you 
are "in surgery" or "had an emergency" 
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when the truth is you аге lingering over а 
cup of coffee—or some other personal mat- 
ter? Are you willing to listen to your pa- 
tients about non-medical factors which may 
bear upon the patient's illness? 


Do you get out in the world—the non- 
doctor world—or do you go to doctor meet- 
ings, doctor luncheons, doctor social events, 
doctors homes, and, when you play golf, 
it's in the “doctor dog fight?" Do people 
get to know you in places and circumstances 
far removed from your doctor's office?— 
like school work, church work, Boy Scouts, 
Clubs, social gatherings where there may 
not be any other doctors, etc.? 


O.K., enough is enough! But I hope the 
point is made—that you may be making a 
lot of mistakes in your relationships with 
your patients, and other members of the out- 
side world. It is a situation that needs at- 
tention. For instance, it doesn't take much 
imagination to visualize what is happening 
when these relational mistakes are being 
made thousands of times a day in almost 
every doctor's office. 


We are seeing the practice of medicine, 
more and more, as an impersonal, scientific, 
sterile, unpleasant business. More and more 
a doctor's office is like a computer into 
which we are fed— rather than a place of 
warmth and tender loving care. 


Solve some of these relational problems, 
and you will see a real minimizing of mal- 
practice claims. 


While we're talking straight I'd like to 
say something about “The Conspiracy"— 
the conspiracy of silence that alleges that 
no doctor will testify against another doctor 
simply because he's a doctor. 


First, I don't believe there is such a thing. 
In my experience, Гуе seen many doctors 
ready to testify against their colleagues. 


Second, of course, it is wrong to “con- 
spire” against anyone in the way “The Con- 
spiracy" makes it sound. 


Third, there may be a lot of good con- 
siderations that went into a doctor's deci- 
sion not to testify. It often meant a recog- 
nition that very few medical problems are 
either black or white. It recognizes that a 
lot of what you do is a matter of judgment 
and that someone else's way of practicing 
medicine may be as good as yours. It recog- 
nizes your own capacity to be wrong and 
an interdependence among all doctors—the 
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general practitioner and the specialist as 
partners in a mutual endeavor. So, only to 
the extent that “The Conspirary" made you 
think and act along these lines, I wish it 
would make a comeback. 


Along this line, we ought to mention how 
your relationships with each other have 
deteriorated— resulting in too much criti- 
cism and "loose talk." How often are the 
seeds of suspicion sown by the raised eye- 
brow, evasive answer, or sarcastic or critical 
remarks of the doctor who next sees the 
patient? How many times have petty per- 
sonality conflicts given rise to unwarranted 
criticism? How often does a jurisdictional 
dispute between two warring specialty 
groups give the patient cause to wonder if 
he was mistreated? What you do to each 
other is awful! One is reminded of 2 or 3 
old expressions: 


1. "Loose lips sink ships"—and doctors. 


2. *Who needs enemies with friends like 
these?" 


3. "Button your lip." 


One other point I would like to discuss is 
the antagonism that too often exists between 
your profession and mine. 


You very often see attorneys as the real 
enemy—not the patient. You resent the 
ways of attorneys and fear whatever it is 
that goes on in the court room. 


Your tendency toward isolation may be 
one reason for this resentment but there 
may be another—it may stem from the dif- 
ferent (really opposite) ways that we in 
the two professions go about solving prob- 
lems. Our training and practice have a 
basic difference. 


We lawyers are trained in a curriculum 
that is essentially a continuing Socratic dia- 
logue, whereas you doctors are instructed 
in a method that is largely doctrinal and 
authoritative. The lawyer’s meat is contro- 
versy and he functions in the adversary 
system wherein each side takes its best shot 
before an impartial tribunal that decides 
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what is “right.” The doctor, on the other 
hand, is conditioned to objective scientific 
inquiry. To a doctor, notorious contest is 
disruptive and has no place in the search 
for solutions. 


The lawyer, typically, sees a challenge 
in open dispute, whereas the doctor may see 
it only as an unnecessary insult. 


We attorneys live in controversy and are 
constantly aware of the other person’s point 
of view and possible criticism. We spend a 
lot of time as the “Devil’s Advocate”—not 
a reference to your disgruntled patient and 
his attorney. 


As a doctor, you are not prepared for 
criticism of how you practice medicine. Your 
status has been only a “Little Less Than 
God.” You give orders all day long and 
seldom take any. You are the protector of 
our health and well-being. Most of the pub- 
lic still treats you with a certain reverence. 


So, it’s not at all surprising that you 
would have a problem with criticism, depre- 
ciation or attack. Very little, if anything, 
has prepared you for it. 


We, in two professions, then, have two 
essentially different professional lifestyles— 
two approaches to problem solving. Neither 
is wrong. Both are time-tested. Both are 
working rather well. 


What neither profession has had, in sur- 
plus, is a good understanding of each other. 


So, my summation and plea is: 


(1) Take a hard look at yourself as a 
doctor and your relationship with each pa- 
tient. 


(2) Take a hard look at yourselves, not 
as individual superstars, but as a group of 
professional people with no real reason to 
exist, except to work together—to bring as 
much good health and happiness to your 
patients as possible. 


(3) Take a good open-minded look at 
the legal profession, and the system within 
which it works, and your relation to it. 
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The Physician 
& The Law 


No Liability for Death of Patient 
During Anesthesia 


TRIAL court properly rendered a verdict 

in favor of several physicians, an an- 

esthetist, and a hospital in a negligence 
suit, a Texas appellate court ruled. 


A patient died of a cardiac arrest while 
undergoing anesthesia before surgery to re- 
pair a diaphragmatic hernia. Her husband 
brought the negligence suit against the phy- 
sicians, the anesthetist, and the hospital. A 
trial court ruled that they were not liable. 
Appeals were eventually taken to the state 
supreme court, which remanded the case 
for a new trial. After a retrial, the jury 
again refused to find negligence. 


On appeal, this trial court's decision was 
affirmed. The appellate court overruled sev- 
eral points of error in reaching its decision. 
A written consent to surgery signed by the 


patient was properly admitted into evidence, 
the court said. Medical textbooks not rec- 
ognized by the testifying experts were prop- 
erly excluded by the court as hearsay. 


The appellate court also said that the 
manufacturer's recommendation of flow rate 
for anesthesia equipment could not be used 
to establish a medical standard to determine 
whether the anesthetist was negligent in 
using a different flow rate. 


The decision in favor of the physicians, 
anesthetist, and hospital was affirmed.— 
Webb v. Jorns, 530 S.W.2d 847 (Тех. Ct. of 
Civil App., Oct. 10, 1975; rehearings denied, 
Nov. 21, 1975 and Dec. 19, 1975). 


Editor's Note: Prior decisions in this case 
were reported in THE CITATION, Vol. 24, 
No. 10, p. 146 and Vol. 27, No. 2, p. 26. 


Reprinted by permission from THE CITATION, published by the Law Division of the American Medical 


Association. 
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We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 


Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: А healthy 22-year-old married 
but (planned) childless operating-room 
nurse, who has worked full time in the oper- 
ating room for the past 6 months and is 
aware of the harmful effects of waste anes- 
thetic gases on parturients, desires to start 
a family. She asks: "Should I quit working 
in the operating room and wait a specific 
length of time before getting pregnant? If 
so, how long? Should I wait until I am 
pregnant and then quit? If so, how long 
after I become pregnant could I safely work 
in the operating room?” 

MD, Tennessee 


ANSWER: This young operating-room 
(OR) nurse asks very pertinent questions 
with respect to her planned pregnancy and 
continued work in the OR. Unfortunately, 
there are little firm data with which to an- 
swer her. Hopefully, additional information 
will be available following completion of 
the second phase of the National Study on 
the Effects of Trace Anesthetic Agents on 
the Health of Operating Room Personnel. 
At that time, a comparison of health experi- 


ence before and after the installation of 
scavenging equipment will be possible. This 
should allow an estimate of the time factors 
involved in the pregnancy-exposure hazard. 


Although a relationship between these 
health hazards and OR exposure has been 
established by the National Study, a cause- 
effect response to the anesthetic gases re- 
mains to be confirmed in man. There are, 
however, consistent animal data to establish 
this possibility. 


From a practical point of view, and on 
the assumption that anesthetic gases are 
causal, the important consideration is 
whether this individual has been working 
in a scavenged OR. Efficient scavenging 
systems remove 90 to 95% of the anesthetic 
gases formerly present. Since in the experi- 
mental animal the concentrations producing 
fetal resorptions are at least a factor of 10 
away from those trace anesthetic-gas con- 
centrations present in a scavenged OR, one 
may presume that scavenging offers a reas- 
onable degree of safety. 


In view of the increased incidence of con- 
genital abnormality in the children of ex- 
posed OR personnel, one might be especially 
cautious with the woman who is in an 
increased risk category. Thus, a family his- 
tory of congenital abnormality might sug- 
gest the importance of the added precaution 
of her removal from the OR several months 
prior to and during the first trimester of 
pregnancy. The advisability of such a move 
for the normal individual working in a scav- 
enged OR is debatable. Thus, if our nurse 
has no positive family history, our recom- 
mendation would be for her to continue her 
work, but make certain that. anesthetic gas 
scavenging is efficiently practiced. 


Ellis N. Cohen, MD 

Department of Anesthesiology 

Stanford University Medical 
Center 

Stanford, California 


QUESTION: I am not a purist, but as a 
physician brought up (in Canada) to re- 
spect the nuances of the King's (or Queen's) 
English, I am puzzled by the frequent en- 
counters in “the literature” with metabo- 
lism used as a synonym for destruction or 
biodegradability. I was taught that metabo- 
lism is a function of a living organism. I 


м. 


Questions and Answers 


can find no authority (Oxford English Dic- 
tionary, Oxford International Dictionary, 
Merriam-Webster International, Stedman's 
Medical Dictionary, Dorland's Medical Dic- 
tionary) that recognizes substitution of me- 
tabolism for catabolism when meaning the 
degradation of an inorganic drug or other 
product. I would appreciate the opinion of 
your editorial associates. 
MD, Toronto 


ANSWER #1: According to Stedman's Med- 
ical Dictionary (22nd edition, 1972), “Ме- 
tabolism . . . consists of anabolism, or those 
energy consuming processes that convert 
small molecules into large (eg, amino acids 
to proteins), and catabolism, or those ener- 
gy producing processes that convert large 
molecules into small (eg, glycogen to pyru- 
vic acid)." Consequently, the questioner is 
right, as far as being a purist, in that metab- 
olism refers to both the processes involved 
in the synthesis of tissue and in the process- 
es involved in the breakdown or degradation 
of tissue. However, when one is talking 
about biodegradation of a drug, obviously, 
the use of metabolism refers to the subdivi- 
sion of catabolism rather than the subdivi- 
sion of anabolism. I would think that the 
substitution of this word for the other word 
is not something that should seriously inter- 
fere with the reader's understanding of the 
published articles on the subject. 


Robert G. Merin, MD 

Department of Anesthesia 

University of Rochester Medical 
School 

Rochester, New York 


* БЫ * 


ANSWER #2: The term metabolism has 
come to mean the sum total of all the enzy- 
matic reactions that occur in an organism. 
'This definition, while very general, would 
include the obtaining of chemical energy for 


761 


the needs of the cell, as occurs when the 
endogenous or nutrient chemicals are brok- 
en down, the conversion of nutrient chemi- 
cals from one form to another, and the syn- 
thesis of larger molecules such as proteins, 
etc, from the smaller endogenous or nutri- 
ent chemicals. Thus, metabolism includes 
both anabolism, which means the synthesis 
of a larger molecule from smaller compo- 
nents, and catabolism, meaning the break- 
down of a larger molecule into smaller parts. 
This is easily understandable in terms of 
endogenous and nutrient chemicals, but in 
recent years the term metabolism has been 
expanded to include the metabolism of for- 
eign chemicals, including drugs. 


It is true that in many instances the term 
metabolism has been used to mean the 
breakdown or catabolism of a compound, 
and this is still within the definition of 
metabolism, since catabolism is a part of 
metabolism. In addition, many drugs or 
foreign chemicals that enter the biologic 
system also undergo an increase in size of 
molecule by conjugation of one type or an- 
other; thus, drug metabolism involves ana- 
bolism as well. It is not important what 
size the final product of drug metabolism is, 
the important consideration is that it loses 
its biologic activity and this can be accom- 
plished in some cases by catabolism and in 
some by anabolism. Thus, the term “degra- 
dation" may refer as much to loss of biologic 
activity as to size of molecule. 


Therefore, the term metabolism is appro- 
priate when referring to the enzymatic - 
transformations undergone by foreign chem- 
icals or drugs as well as nutrient chemicals, 
because it covers, generally, all such trans- 
formations of these chemicals, whether by 
degradation or enlargement of the molecule. 


Russell A. Van Dyke, PhD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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Oxygen Measurements in Biology and Medi- 
cine—Edited by J. P. Payne, MB, ChB, 
DA, FFARCS, and D. W. Hill, MSc, 
PhD, FInstP, FIEE, London, Butter- 
worths, 1975, 415 pp. 


'This book consists of a series of presenta- 
tions by a select group of workers and in- 
vestigators. Although it hardly represents 
an up-to-the-minute definition of the "state 
of the art," it does provide the clinician 
with an overview of the major problems as- 
sociated with oxygen measurement and the 
directions various researchers are taking 
toward solutions. 


'The first session of the symposium deals 
with some of the intricacies of oxygen trans- 
port and presumes a fairly detailed knowl- 
edge of the subject on the part of the reader. 
The subsequent seven sessions deal with 
various items of hardware used in oxygen 
measurements, along with a clear statement, 
in most instances, of the advantages and 
shortcomings of each. Each session is fol- 
lowed by a transcript of the discussion of 
the previous papers by the symposium par- 
ticipants. These exchanges are interesting 
and entertaining, since the editor has pre- 
served the feelings of enthusiasm, doubt, 
sarcasm, and respect characteristic of such 
free-flowing, spontaneous discussion among 
experts. 


Even though the volume does not qualify 
entirely as a reference work, it is sufficiently 
complete to provide the reader with a good 
idea of where we are in oxygen measure- 
ment and where we are likely to go. 


Edward P. Didier, MD 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 
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Childbirth, А Joy—Not Suffering—Abou- 
leish, Ezzat, M.D., Philadelphia, Dor- 
rance & Company, 1975, 110 pages, price 
$2.95. 


This little book was written by Dr. 
Abouleish to describe to the expectant 
mother the various methods of obstetric an- 
esthesia. The terminology is simple and 
allows a layperson to understand the book 
easily and to read it in a short period of 
time. Most of the chapters are presented in 
question-and-answer format. Many of the 
questions most frequently asked by women 
are answered. Fears and misconceptions 
about anesthesia are handled well by the 
author. 


The book briefly discusses physiologic 
changes during pregnancy, stages of labor, 
and the anatomy involved in parturition. 
The psychology and physiology of pain dur- 
ing childbirth are discussed, as is the sup- 
portive role of the father. Types of anesthe- 
sia described include paracervical, pudendal, 
spinal, epidural, and caudal block, as well 
as general anesthesia and analgesia. The 
advantages and disadvantages of each type 
of anesthetic procedure are compared. Also 
included are short chapters on natural child- 
birth and on hypnosis and acupuncture for 
the control of pain. Anesthesia and indica- 
tions for cesarean section are discussed. 


While epidural block is discussed well 
and is obviously the preference of Dr. 
Abouleish for childbirth, he also clearly 
points out that no one method of analgesia 
is good for all parturients under all circum- 
stances. 


Rick S. Schwettmann, M.D. 
Department of Anesthesiology 
Mayo Clinic 

Rochester, Minnesota 









Scientific 
> Articles 
Nov.-Dec., 1976 


ENFLURANE AS A PRIMARY ANESTHETIC AGENT FOR PATIENTS WITH CHRONIC OBSTRUCTIVE PULMONARY 
DISEASE—Rene Rodriguez, M.D., and Martin 1. Gold, M.D., Miami, Florida. 

POSTPARTUM HYPERTENSION AND CONVULSION AFTER OXYTOCIC DRUGS—Ezzat Abouleish, M.B., B.Ch., M.D., 
Pittsburgh, Pennsylvania. 

ISOENZYMES OF CREATINE PHOSPHOKINASE IN SERUM OF FAMILIES WITH MALIGNANT HYPERPYREXIA— 
Herbert Y. Meltzer, M.D., Shakeela Z. Hassan, M.D., Paul Russo, and Hyong Won Cho, Ph.D., Chicago, Illinois. 

UNEXPECTED HEPATIC DYSFUNCTION FOUND BY MULTIPLE LABORATORY SCREENING—William H. Schemel, M.D., 
Buffalo, New York. 

A SIMPLE TECHNIC TO MINIMIZE TRACHEAL ASPIRATION—Roy F. Cucchiara, M.D., Rochester, Minnesota. 

COMPARISON OF DOT TEST AND DIGIT-SYMBOL TEST FOR STREET FITNESS OF OUTPATIENTS—Joseph G. Ritter, 
M.D., and Nancy Anderson, M.A., Blue Bell, Pennsylvania. 

THE ANESTHETIC POTENCY OF LIDOCAINE IN THE RAT—Cosmo A. DiFazio, M.D., Ph.D., James Niederlehner, 
M.D., and Robert G. Burney, M.D., Charlottesville, Virginia. 

ARTERIAL AND VENOUS PLASMA LEVELS OF BUPIVACAINE FOLLOWING PERIPHERAL NERVE BLOCKS—-Daniel С. 
Moore, M.D., 1. E. Mather, M.D., 1. Donald Bridenbaugh, M.D., D. F. Lysons, M.D., and W. С. Horton, M.D., 
Seattle, Washington. 

CEREBROSPINAL FLUID PRESSURE DURING PNEUMOENCEPHALOGRAPHY AND NITROUS OXIDE INHALATION— 
William L. Paul, M.D., Edwin S. Munson, M.D., and Jack E. Maniscalco, M.D., Gainesville, Florida. 

THE ANESTHETIC EFFECT OF OXYGEN— Raymond A. Smith, D.Phil, and W. D. M. Paton, D.M., F.R.S., F.R.C.P., 
San Francisco, California and Oxford, England. 

RATIONAL CHOICE OF LOCAL ANESTHETICS FOR OBSTETRICAL ANESTHESIA—Larry Salts, M.D., Mary Ann Ott, 
M.S., and Philip D. Walson, M.D., Tucson, Arizona. 

CARDIOVASCULAR EFFECTS OF LIDOCAINE DURING ACID-BASE IMBALANCE—Ronald W. Yakaitis, M.D., John D. 
Thomas, M.D., and John E. Mahaffey, M.D., Charlestown, South Carolina. 

OBSTETRIC ANESTHESIA TRAINING CENTERS IN THE U.S.A.—James S. Hicks, M.D., Gershon Levinson, M.D., and 
Sol M. Shnider, M.D., San Francisco, California. 

UPTAKE AND EXCRETION OF I-BROMO-1,2,2-TRIFLUOROCYCLOBUTANE IN MAN: COMPARATIVE STUDY ON 
PHARMACOKINETICS AND METABOLISM OF INHALATION AND ANESTHETICS—Duncan А. Holaday, M.D., and 
Vera Fiserova-Bergerova, Ph.D., Miami, Florida. 

NALOXONE ANTAGONISM AFTER NARCOTIC SUPPLEMENTED ANESTHESIA— Benjamin J. Kripke, M.D., Albert J. 
Finck, M.D., Narendra K. Shah, M.D., and John C. Snow, M.D., Boston, Massachusetts. 

THE EFFECTS OF STELLATE GANGLION BLOCK ON THE IDIOPATHIC PROLONGATION OF THE Q-T INTERVAL WITH 
CARDIAC ARRHYTHMIA (THE ROMANO-WARD SYNDBOME)—-Hisashi Yanagida, M.D., Judo Higo, M.D., and 
Chiyuki Kemi, M.D., Tokyo and Yokohama, Japan. 

ANESTHESIA AND THE MODIFICATION OF RESPONSE TO INFECTION IN MICE—Peter G. Duncan, M.D., Bruce F., 
Cullen. M.D., and Nancy N. Pearsall, Ph.D., Seattle, Washington. 

KETAMINE AND INTRAOCULAR PRESSURE IN CHILDREN—-Baiba Ausinsch, M.D., Robert L. Rayburn, M.D., Edwin S. 
Munson, M.D., and Norman S. Levy, M.D., Ph.D., Gainesville, Florida. 

THOUGHTS ABOUT MEDICAL WRITING—Charles G. Roland, M.D., Rochester, Minnesota. 

COMPARISON OF TIDAL VOLUME LOSSES IN SEVERAL PEDIATRIC VENTILATORS WITH INCREASING AIRWAY 
PRESSURE— Robert E. Binda, Jr., M.D., David R. Cook, M.D., Carl G. Fischer, M.D., Pittsburgh, Pennsylvania. 

THE DEVELOPMENT OF AN ACUTE TOLERANCE TO KETAMINE—James F. Cumming, M.D., Ph.D., Minneapolis, Minne- 
sota. 

LORAZEPAM PREMEDICATION: LACK OF RECALL AND RELIEF OF ANXIETY—Robert J. Fragen, M.D., and Nancy 
Caldwell, Chicago, Illinois. 

CASE HISTORY #93 

BRIEF REPORTS: 

SUPINE HYPOTENSIVE SYNDROME CAUSED BY INTRA-ABDOMINAL MASS: A CASE REPORT—Jong Min Kim, M.D., 
Chana Buakham, M.D., and Florence McAmis, R.N., Kansas City, Kansas. 

BRONCHIAL BLOCKADE IN A CHILD WITH BRONCHO-PLEURAL-CUTANEOUS FISTULA USING A "FOGARTY" BAL- 
LOON.TIPPED CATHETER—W. F. Cant, M.D., John H. Tinker, M.D., and Sait Tarhan, M.D., Rochester, Minnesota. 

DECREASED ARTERIAL OXYGENATION DURING SODIUM NITROPRUSSIDE ADMINISTRATION FOR INTRAOPERATIVE 
HYPERTENSION—Joseph 1. Seltzer, M.D., Joseph B. Doto, Jr., M.D., and Jay Jacoby, M.D., Ph.D., Philadelphia, 
Pennsylvania. 

A METHOD FOR INSERTING THE CARDEN TUBE—James E. Cooke, M.D., Judith B. Hood, M.D., and John D. 
Thomas, M.D., Charleston, South Carolina. 

AN ANESTHETIC GAS SCAVENGER FOR THE JACKSON-REES SYSTEM—Kenneth J. Cestone, M.D., William P. Ryan, 
C.R.N.A., and Charles D. Loving, RN., Bennington, Vermont. 

HUMIDITY OUTPUT OF THE COLUMBIA PEDIATRIC CIRCLE—Sivam Ramanathan, M.D., Jack Chalon, M.D., Peter 
Rand, and Herman Turndorf, M.D., New York, New York. 

DIFFICULT EXTUBATION OF AN ENDOTRACHEAL TUBE CUFF—Thien Yew Ng, M.D., and Тарап D. Datta, M.D. 
Pittsburgh, Pennsylvania. 

ACUTE MAXILLARY SINUSITIS COMPLICATING NASOTRACHEAL INTUBATION: A CASE REPORT—T. James Gallagher, 
M.D., and Joseph M. Civetta, M.D., Miami, Florida. 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites manuscripts on subjects 
pertinent to the specialty of Anesthesia. 


Send manuscripts and illustrations in 
triplicate to: 


T. H. Seldon, MD, Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901 


Four categories of reports will be consid- 
ered for publication. 


1. Original articles describing clinical or 
laboratory research. 


2. Brief Reports describing new anesthetic 
technics, equipment, clinical, or laboratory 
studies. 


3. Case Reports. 
4. Letters-to-the-Editor. 


EDITORIAL POLICIES 


Peer review.—All papers submitted are 
reviewed by selected referees with respect to 
validity, pertinence, completeness, and orig- 
inality. If accepted for publication, editor- 
ial revisions may be made to aid clarity and 
understanding. Edited copy will be sub- 
mitted to authors for approval before the 
paper goes to the printer. Pageproofs also 
will be submitted to the authors for final 
approval. Reprint order forms will accom- 
pany pageproofs. 


Cover letter.—A letter must accompany 
each manuscript, stating that the work has 
not been simultaneously submitted to an- 
other journal or previously published in part 
or whole. The name and address of the 
author to whom correspondence may be di- 
rected should be given. 


Legal and ethical considerations.—Infor- 
mation or illustrations which might permit 
identification of patients must not be used. 


Reports describing data from experiments 
performed on humans must contain a state- 
ment in the Methods section, when appro- 
priate, that written informed consent and/or 
institutional approval of the investigation 
has been obtained, and that procedures in- 
volving the use of animals was conducted so 
as to minimize discomfort. 


Excerpts from material published else- 
where must be accompanied by written per- 
mission from the author and publisher to 
reproduce the material. 


JOURNAL STYLE 


Format.—All portions of the manuscript 
should be typewritten and double-spaced, 
including lists of reference citations. Each 
component of the paper (title page, with 
authors' academic rank and addresses, In- 
troduction, Methods, Results, Discussion, 
References, Legends) should begin on a 
separate page. Original articles must be pre- 
ceded by an Abstract concisely describing 
the purpose, methods, results, and conclu- 
sions. Abstracts should not exceed 1 type- 
written page in length. Brief Reports and 
Case Reports do not require an Abstract, 
but a Summary at the end may be appro- 
priate. 


Original articles should be concise (not 
over 3000 words) and present new informa- 
tion pertinent to anesthesia. Preliminary re- 
ports or fragments of material that may bet- 
ter be included in a single, more detailed, 
report should not be submitted. Brief Re- 
ports describing new equipment or technics 
should present new advances, with advan- 
tages over the alternatives. Descriptions of 
new equipment must be sufficient to permit 
the reader to either construct or purchase 
the equipment. Case Reports should empha- 
size important clinical conditions or varia- 
tions in typical patient responses. Letters-to- 
the-Editor must be brief (250-500 words) 
and should offer constructive comments on 
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recently published articles or discuss areas 
of general interest to anesthesiologists. 


Measurement units.—The metric system 
Should be used for all such data as length, 
mass, volume, and temperatures. Torr 
should be used in place of mm Hg for par- 
tial pressures. Authors are encouraged to 
adopt the International System of units 
(moles per liter rather than mg percent) for 
concentrations or amounts of substances. 
(See Padmore GRA, Nunn JF: SI Units 
in relation to anaesthesia. A review of the 
present position. Br J Anaesth 46:236-243, 
1974). 


Drug names.—Generic or chemical drug 
names are required. Brand names may be 
inserted in parentheses after the generic 
name, if pertinent. 


Abbreviations.-The first time an abbre- 
viation appears it should be preceded by the 
full word it represents. 


Respiratory symbols.—Symbols for re- 
spiratory physiology should be defined the 


first time used and should follow Pappen- 
heimer J et al: Standardization of defini- 
tions and symbols in respiratory physiology. 
Fed Proc 9:602-605, 1950. 


References. — References should corre- 
spond to Index Medicus style and should 
be listed in the same numerical order as 
they appear in the text. Reports that are 
not accessible to all readers or that have not 
undergone editorial review (abstracts, cor- 
respondence, or personal communications) 
should not be included in numerical listings 
but may be footnoted. 'They should include 
pertinent addresses as well as source and 
authors' names. 


lilustrations.—Drawings and photographs 
‘unmounted glossy prints) should be num- 
bered in order of appearance in the manu- 
script and labeled on thesback with the first 
author's name and indicate the top edge of 
the picture. 


Tables.—'These should carry a title or 
caption and should supplement, not dupli- 
cate, the text. 
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Protect patients' eyes with 


OPTI-GARD 


Why tape eyelids shut and risk skin 
abrasion, loss of eyelashes, and contact 
dermatitis? Dupaco Opti-Gard/" for use 
during general anesthesia and post-op 
recovery, effectively and comfortably 
helps prevent corneal abrasion, 
lacerations, and scleral hemorrhage. 
Opti-Gard™ also protects against blood, 
fluid, or other foreign materials 
entering the eyes... a vital 
consideration in ENT, head, or neck 
surgery. Sterile packaged and boxed in 
convenient dispenser, Opti-Gard ™ clear 


plastic protective covers come with 
self adhesive foam cushion. Send for 
free sample. 
|j DUPACO 





y 
INCORPORATED 


Reb Corneal Injuries During General Anesthesia. Anesthesia » (^ е РОЙ PNAC 
and Analgesia, Vol. 54, No. 4, fuly-August, 1975 P.O. Box 98, San Marcos, Ca. 92069 


US. Patent applied for. 








PRECISE, ECONOMICAL, SAFE... 


RALS POWER UNIT 


... INSTANT ATOMIZATION FOR 
FAST TOPICAL ANESTHESIA 


Fast, measured topical anesthesia is ready at your 
finger tips in a Rals Power Unit. Forget about pumping 
bulbs, uneven atomization, and limited spraying dura- 
tion. The Rals Power Unit uses a non-toxic propellant, 
dichlorodifluoromethane (freon) to activate standard 
DeVilbiss Atomizers No's. 151, 152 and 163. Instantly, 
a fine mistlike spray is produced. A graduated solution 
vial is available for measuring the amount of solution 
administered. 

The Rals Power Unit has been proven effective in 
cocainization prior to endotracheal intubation, endo- 
Scopic instrumentation, laryngotracheal insufflation, 
and in a variety of nose and throat procedures. 

Rals Power Unit #168 are supplied six to a box with 
adaptor top and metal base. Illustration shows #152 
atomizer. All styles in stock. 

WRITE OR PHONE FOR LITERATURE, PRICE LIST. 


RALS LABORATORIES DIVISION 


ScHuEmnnrí ` 
Aboratoucs. Gre. Wu с : 
480 WEST AURORA ROAD - NORTHFIELD, OHIO 44067 — 51.45 









FLUOTHANE 
OVER 100 


in 16 years | use inthe United States, 
FLUOTHANE (ha iur has been ad- 
ministered over on million times i dud ide 
vari iety of surgical оао 100 million 
_. extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4.000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers. 

a bibliographic record of note ont the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 

provides printed and audiovisual aids 
reflect ng Һе opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Ane: iology, as wel llas several films of 
anaes i value—all ene hrough 
your Ayerst SECOLO 


(HALOTHANE) 


MILLION 












DMINISTRATIONS 


e nonflammable, nonexplosive 

e permits use of high concentrations of 

oxygen 

llows free use of cautery for more 

:quate control of bleeding 

e minimal odor facilitates smooth, rapid 

induction, reduces patient distress 

e early obtundation of pharyngeal and 

laryngeal reflexes facilitates intubation 

e lessens airway problems 

e permits rapid adjustment of depth of 
anesthesia 

e emergence is rapid and tranquil with 

quick recovery of protective reflexes 

e minima! nausea and vomiting, shorter 

recovery room stay 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from | Ayerst. 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is ап inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 
М / 
В О С Cl 
yt N 
F H 


The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° C.-51* C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/gas coefficient is 2.5 at 37° C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such 
materials will deteriorate rapidly in con- 
tact with FLUOTHANE vapor or liquid. 
Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered, FLUOTHANE progres- 
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sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation. Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
reiease of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscies. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except when uterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should 
be closely observed for signs of overdos- 
age, i.e., depression of blood pressure, 
pulse rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy: Safe use of 

FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 


FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis, 

Dosage and Administration, FLUOTHANE 


may be administered by the nonrebreath- ` 


ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 
FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide, 
How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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For some time now, our single ECG complex showsup Pressure Module, write Data- 
monitors have been selected with each full sweep. scope Corp., 580 Winters Ave., 
for use in surgery by more The 861 does even more. Paramus, NJ 07652. 
medical people than any other It monitors body temperature. 
battery-powered monitors in On a digital read-out. And this 
the world. Because we give you same digital display will give 
more of what you want in a you heart rate when you want 
monitor than any other moni- it; or mean blood pressure 
tors in the world. when you are using the 861 with 

However, this didn't stop our Pressure Module. 
us from improving them. For all the things our 851 


Our new Datascope 851 and 861 do, they're surprisingly 
and 861 will now give you heart portable. And they offer longer 
rate not only from ECG, butalso battery-operating time than 





from pulse or blood pressure. any other monitors. In some 

And both monitors will cases, actually twice as long. 
give you 2 traces. So you can Will they continue to be КЕ ыыы " 
monitor ECG (or EEG) and the most popular monitors The 861 with Pressure Module. 


pulse simultaneously. made? More so. 
And both give you beat by For further information THE DATASCOPE 
heat svnchronizationt. Soa about our new 851, 861, or our 851/861 


nt effects may last longer than the analgesia aad are e increased and prolong > 
| mult e doses or use of postoperative narcotic analgesics. 





For potent 
narcoticanalgesic — 
action with rapid onset 
and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 


SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR" 
injection* has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 


SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection? 


*INNOVAR injection is composed of a 50:1 mixture of 
droperidol 2.5 mg /cc. and fentanyl 0.05 mg /cc., with 


lactic acid for adjustment of pH to 3.5 = 0.3. 


INNOVAR “injection and 

SUBLIMAZE * (fentanyl) injection are available 
for use only upon direction of a physician. 

For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions for 
SUBLIMAZE fentanyl. please turn page. 


© McNeil Laboratories. Inc. 1974 


SUBLIMAZE ’ (fentanyl) offers: 

C Almost immediate analgesia — peak effect 
within 5 minutes LV., 8 minutes L.M. 

(Short duration of analgesic action — 30 to 

60 minutes with a single LV. dose of up to 

0.1 mg. (Respiratory depressant effects may last 
longer than the analgesia and are increased and 
prolonged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 

C No evidence of liver, heart, or kidney tox- 
icity—expecially valuable in poor-risk patients. 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor: | 
risk patients. 

C Immediate reversibility by narcotic 
antagonists. 

O Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

C Minimal emetic effect —has been used 
successfully to prepare nontasting patients 

for awake intubation. 

C Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE @ 


(fentanyl) injection 


0.05 mg./cc. as the citrate. 
Warning: May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0—7.5 


SUBLIMAZE € 


fentanyl) injection 


Description 
Each cc. contains: 
0.05 mg. 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic with ac- 
tions qualitatively similar to those of morphine and meperidine 
SUBLIMAZE fentanyl in a dose of 0.1 mg. (2.0cc.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 mg. of 
meperidine.The principal actions of therapeutic value are analge- 
sia and sedation. Alterations in respiratory rate and alveolar 
ventilation. associated with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater. Large doses 
may produce apnea. SUBLIMAZE fentanyl appears to have less 
emetic activity than other narcotic analgesics. Histamine assays 
and skin wheal testing in man, as well as in vivo testing in dogs, 
асаа that histamine release rarely occurs with SUBLIMAZE 

entanyl. 

SUBLIMAZE fentanyl may cause muscle rigidity, particularly 
involving the muscles of respiration. It may also produce other 
signs and symptoms characteristic of narcotic analgesics includ- 
ing euphoria, miosis, bradycardia, and bronchoconstriction 

The onset of action of SUBLIMAZE fentanyl is almost imme- 
diate when the drug is given intravenously; however. maximal 
analgesic and respiratory depressant effect may not be noted for 
several minutes. The average duration of action of the analgesic 
effectis 30 to 60 minutes. Following intramuscular administration. 
the onset of action is from seven to eight minutes, and the duration 
of action is from one to two hours. 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect. 

Indications SUBLIMAZE fentanyl is indicated: 

-for analgesic action of short duration during the anesthetic 
periods, premedication, induction, and maintenance, and in the 
immediate postoperative period (recovery room) as the need 
arises. 

~ for use as a narcotic analgesic supplement in general or regional 
anesthesia. 

ог administration with a neuroleptic such as INAPSINE-" (dro- 
peridol) injection as an anesthetic premedication.for the induction 
of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

Contraindications SUBLIMAZE fentanyl is contraindicated in 
patients who are hypersensitive to the drug 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE 

RESUSCITATIVE EQUIPMENT AND A NARCOTIC 
ata NISL SHOULD BE READILY AVAILABLE TO MANAGE 
APNEA. 

If SUBLIMAZE fentanyl is administered with a tranquilizer 
Such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug. particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and other countermeasures to manage hypotension 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE fentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner before ordering 
narcotic analgesics during recovery from anesthesia. It is recom- 
mended that narcotics, when required, should be used in reduced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patient's con- 
dition may be required to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyl. 

Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused. 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received МАО inhibi- 
tors within 14 days is not recommended. 

Head injuries and Increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients who may be 
particularly susceptible to respiratory depression, such as coma- 
tose patients who may have a head injury or brain tumor. in 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 
patients with head injury. | 
Usage in Children: The safety of SUBLIMAZE fentanyl in children 
younger than two years of age has not been established 


Usage in Pregnancy: The safe use of SUBLIMAZE fentany! has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, in the judgment of the physician, 
the potential benefits outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects; 
therefore, safety for the infant in obstetrics has not been estab- 
lished. 

Precautions The initia! dose of SUBLIMAZE fentanyl should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. 


Certain forms of conduction anesthesia, such as spinal anes- 
thesia and some peridural anesthetics. can alter respiration by 
blocking intercosta! nerves. Through other mechanisms (see Ac- 
tions) SUBLIMAZE fentanyl can also alter respiration. When 
SUBLIMAZE fentanyl is used to supplement these forms of anes- 
thesia. the anesthetist should be familiar with the physiological 
alterations involved, and be prepared to manage them in the 
patients selected for these forms of anesthesia. When used with a 
tranquilizer such as INAPSINE droperidol, blood pressure may be 
altered and hypotension can occur. 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patients 
with chronic obstructive pulmonary disease. patients with de- 
creased respiratory reserve. and others with potentially compro- 
mised respiration. іп such patients, narcotics may additionally 
decrease respiratory drive and increase airway resistance During 
anesthesia, this can be managed by assisted or controlled respira- 
tion. Postoperatively, respiratory depression caused by narcotic 
analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine. and naloxone: consult individual prescribing informa- 
tion before using). Should respiration be compromised by muscle 
rigidity. assisted or controlled respiration and possibly a neuro- 
muscular blocking agent will be required. The occurrence of 
muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

When a tranquilizer such as INAPSINE droperidol is used with 
SUBLIMAZE fentanyl, pulmonary arterial pressure may be de- 
creased, This fact should be considered by those who conduct 
diagnostic and surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates, tranquilizers, 
narcotics, and general anesthetics) will have additive or potentiat- 
ing effects with SUBLIMAZE fentanyl. When patients have re- 
ceived such drugs. the dose of SUBLIMAZE fentanyl required will 
be less than usual. Likewise. following administration of 
SUBLIMAZE fentanyl the dose of other CNS depressant drugs 
should be reduced 

SUBLIMAZE fentanyl should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE fentanyl may produce bradycardia, which may 
be treated with atropine: however, SUBLIMAZE fentanyl should 
be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE fentanyl is used with a tranquilizer such as 
INAPSINE droperidol, hypotension can occur. If this occurs the 
possibility of hypovolemia should also be considered and man- 
aged with appropriate parenteral fluid therapy. Repositioning the 
patient to improve venous return to the heart should be con- 
Sidered when operative conditions permit. Care should be exer- 
cised in moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with 
fluids plus other countermeasures do not correct hypotension, the 
administration of pressor agents other than epinephrine should be 
considered. Because of the alpha-adrenergic blocking action of 
INAPSINE droperidol, epinephrine may paradoxically decrease 
the blood pressure in patients treated with INAPSINE droperidol. 
Adverse Reactions As with other narcotic analgesics, the most 
common serious adverse reactions reported to occur with 
SUBLIMAZE fentanyl are respiratory depression, apnea, muscu- 
lar rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hypo- 
tension, dizziness, blurred vision, nausea, emesis, laryngospasm. 
and diaphoresis 

When a tranquilizer such asINAPSINE droperidol is used with 
SUBLIMAZE fentanyl, the following adverse reactions can occur: 
chills and/or shivering, restlessness. and postoperative hallucina- 
tory episodes (sometimes associated with transient periods of 
mental depression); extrapyramidal symptoms (dystonia, akathi- 
sia, and oculogyric crisis) have been observed up to 24 hours 
postoperatively. When they occur. extrapyramidal symptoms can 
usually be controlled with antiparkinson agents. Postoperative 
drowsiness is also frequently reported following the use of 
INAPSINE droperidol 
Overdosage Manifestations: The manifestations of SUBLIMAZE 
fentanyl overdosage are an extension of its pharmacologic actions 
Treatment: In the presence of hypoventilation or apnea, oxygen 
should be administered and respiration should be assisted or 
controlled as indicated. A patent airway must be maintained; an 
oropharyngeal airway or endotracheal tube might be indicated. If 
depressed respiration is associated with muscular rigidity, an 
intravenous neuromuscular blocking agent might be required to 
facilitate assisted or controlled respiration. The patient should be 
carefully observed for 24 hours; body warmth and adequate fluid 
intake should be maintained, If hypotension occurs and is severe 
or persists, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. A specific 
narcotic antagonist such as nalorphine, levallorphan, or naloxone 
should be available for use as indicated to manage respiratory 
depression. This does not preclude the use of more immediate 
countermeasures. Consult the package insert for the individual 
narcotic antagonists for details about use. 

How Supplied SUBLIMAZE:* (fentanyl! injection is supplied in 2 
cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuls, in 
packages of 12. 

IMPORTANT: Complete dosage information is available in insert 
which accompanies each package (or on request). The drug is avail- 
able only upon direction of a physician. 


U.S. Patent No. 3,164,600 9/74 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 
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MOSBY 


TIMES MIRROR 


Prepare now for those 


critical moments. . . 
Rely on two new Mosby 


references for the most 
current techniques, 
knowledge, and skills of 
respiratory therapy and clin- 


ical respiratory physiology 


A New Book! RESPIRATORY THERAPY IN 
CRITICAL CARE. By Hugh S. Mathewson, M.D. 
This concise volume describes the skills and 
functions required of respiratory therapists in 
the critical care situation. Emphasizing the 
team approach to critical care, the author 
details team organization and allocation of 
tasks. Special attention is given to the func- 
tions of therapists. The second section of the 
book discusses the procedures required in 
many specific critical care situations and 
covers particular problems in patient man- 
agement. Diagnostic respiratory function tests 
are included. September, 1976. Approx. 176 
pp., 14 illus. About $6.95. 


‘New 3rd Edition! RESPIRATORY PHYSIOL- 
OGY. By N. Balfour Slonim, M.D., Ph.D. and Lyle 
H. Hamilton, Ph.D. Now in paperback, this 
clinically oriented book continues to present 
basic respiratory physiology in a brief and 
clear manner. Specialty areas, such as res- 
piratory physiology in lung disease, respira- 
tion of the newborn, and respiration in altered 
environments are thoroughly discussed. New 
material examines factors affecting oxygen 
transport by hemoglobin, tests used to detect 
small airway disease, and mechanically as- 
sisted and controlled ventilation. June, 1976. 
255 pp., 89 illus. Price, $9.75. 


MOSBY 


TIMES MIRROR 


THE C V MOSBY COMPANY 
11830 WESTLINE INDUSTRIAL DRIVE 
ST LOUIS. MISSOURI 63141 
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Upda 
an old 
friend. 


With the new 
universal 


SLICK: 


STYLETTE 
endotracheal 
tube guide. 


The old familiar way of intubatingus 
not necessarily the better way. The better 
way to prepare for the unexpected during 
the critical period of induction and to in- 
crease the rate of successful first attempt 
intubations is to routinely use SLICK 
STYLETTE. Its Fiction coating elim- 
inates the need itional lubrication, 
and the stop-lock controls the extent of 
its advancement into the endotracheal tube. 
These features, plus its versatility and mall- 
eability reduce the difficulties encountered 
with normal anatomical variations, such as 
a small mouth, protruding teeth or bull 
neck as well as pathological-obstacles, 

Why not update your procedure with 
the addition of the SLICK STYLETTE as 
a standard part of your intubation pack— 
so it's always there when you need it? 

























Disposable Slick Stylette 
is packaged in a sterile 
Tyvek Mylar peel-away 
package. Fits all sizes 

and types of tubes 

from 3.5mm pediatri 
to 10.5mm adult. 












Evaluation sample 
and literature 
on request. 






Medical Products Div. P.O.L.A. Plastics Co., Dept. B 
P.O. Box 2086, Van Nuys, Ca. 91408 (213)368-2002 


di bles! 
ISposa Ek Anesthesia Ventilator, 


fluidically controlled for 
less maintenance 
Precise and reliable 
With a built-in gas 4 
evacuator. Ohio can 
also customize a gas 
evacuation interface to 
— | accommodate your 
У disposal system! 


n OHIO Critical Care 
еа) Ventilator with 
intermittent mandatory 
ventilation “engineered 
in." Assists ventilation 
in any interval from 5 to dis 
100 seconds 













О» Monitor 
a“ with visual and 
audio alarms. 










VORTEX“ Respiration Monitor 
measures tidal volumes 
continuously, totalizes to obtain 
minute volume 


\ 
Ы 


f 






Disposable Endotracheal Tubes, 
new, uncuffed or with 
anatomically designed cuffs for 
gentle seal. Unique inflation and 
pilot balloon assembly. 





Disposable Anesthesia 
Breathing Circuit with 
conductive, cushioned masks in 
hree sizes. Our bacteria filter- 
»athogen trap fits most 
anesthesia circuits 


One system designed to suit all can't really satisfy 
veryone. Because somewhere along the line you have 
э compromise. Each of you has your own ideas about 
iow best to provide excellence in patient care in your 
мп operating theater. And each OR has its unique 
ieeds. 

Most new systems begin with one of the four OHIO" 
inesthesia machines. Rugged. Practical. Versatile. 
"unctional. Delivering your preference in anesthetic 
agents with accuracy and safety. 

Then, your system grows to support your skills and 
echniques, as you add accessories and options from 
2hio: Vaporizers, ventilators and absorbers, monitors, 
lisposables, medical gases, and gas evacuation 
systems. And we always have more on the way. 


B.. NICC-OR, new, 


unique, OR table for 
infants. An intensive 
care center with easy 
patient access, 
unobstructed view, 
good control without 
interference with ^, 
. Surgical team. 


















You can depend on over 100 factory-trained Ohio 
servicemen and six service centers in the U.S. and 
Canada to keep your anesthesia equipment performing. 
Plus a knowledgeable sales staff. 

Send for information. Or send for your salesman. 
Ohio will help you develop a reliable, sophisticated 
anesthesia system. One you can build on when future 
technologies develop. So, you'll never have to 
compromise in caring for your patients. 


ORIO Medical Products ANreco* 


3030 Airco Drive, P.O. Box 7550, Dept. 305 
Madison, Wisconsin 53707 




















в: „а 
HOPE" Il resuscitator with a new 
valve and the facility to 

administer enriched oxygen 
concentrations. 


OHIO Calibrated Vaporizer, new, 
easy-to-use, temperature and 
flow compensated with excellent 
low-flow performance. 








New Trace Gas Analyzer detects 
and measures the concentration 
of nitrous oxide in the operating 
room atmosphere; alerting OR 
personnel to leak sources. 
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The 
tender 
touch 


These soft, pliable blood pressure cuffs are ideal for use 
on newborns and infants. Incorporating a Latex bladder, 
minimizing any chances for skin irritation, and Silicon 
wrap-around with 12-inch inflating tube. They are secured by 








the Velcro hook and pile method, with no eyes to hook nor DUPACO 4 
ends to tuck in. They are instantly peeled apart for easy INCORPORATED 
removal. P.O. Box 98, 


San Marcos, CA 92069 
Cuffs are available in two sizes: 
22080 - 1% x 5” (new born) 
22081 - 2% x 6” (infant) 


For additional information write for brochure number 27. 
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ADDRESS CHANGE NOTICE 


International Anesthesia Research Society f 
3645 Warrensville Center Road a 
Cleveland, Ohio 44122 


Please change my mail address for ANESTHESIA and ANALGESIA... Current Researches, effective 








FROM—(Current or former address) TO—(New Address) 





Street Address ` 7 Street Address 








City, State, Zip Code City, State, Zip Code 





Important: Show your name and address exactly 4 
as your Journal is now addressed. Print Your Name И 


You Can Proceed with PAVULON | 


pancuronium bromide 





Proceed with PAVULON 


pancuronium Бот 








No matter where 
the surgeon's 
incision 


—whatever the part of the body, or the 
age of the patient, or the cause of sur- 
gery, or the system or systems involved 
—there's a good chance that Pavulon 
can provide easy, uncomplicated, opti- 
mal, neuromuscular blockade. 


Initial doses of Pavulon, given to facili- 
tate endotracheal intubation, take 
effect in approximately 45 seconds and 
reach their peak at about 2-3 minutes. 
Once effective blockade is established, 
it can be maintained with incremental 
doses of 1 mg or less. 


Pavulon is well tolerated, even in the 
very old, the very young and the very 
fragile. Histamine release rarely, if ever, 
occurs; there is little, if any, ganglionic 
blockade and little effect upon the cir- 
culatory system other than an occa- 
sional slight rise in pulse rate and blood 
pressure. There is no muscle pain, no 
known effects on consciousness, pain 
threshold or cerebration. 


With proper procedure, reversal of 
Pavulon is relatively simple and 
generally uneventful. An appropriate 
antagonist, such as pyridostigmine 
bromide, can be used. With adequate 
dosage of the reversal agent, there is 
relatively little risk of recurarization. In 
cases of prolonged respiratory depres- 
sion, other factors (drug interaction, 
acidosis, hypokalemia, etc.) should be 
considered. 


KEY: 1. Polypectomy 2. Appendectomy 3. Spinal 
fusion 4. Nephrolithotomy 5. Open heart surgery 
6. Cesarean section 7. Craniotomy 8. Aortic-femoral 
graft 9. Cataract removal 10. Diverticulectomy 
(Meckel’s) 


Please see last page of advertisement 
for complete prescribing information. 


Proceed with PAVULON 


№0 


pancuronium bromide 


clinically proven nondepolarizing muscle relaxant 





THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 


DESCRIPTION: Pavulon (pancuronium bromide) is the aminosteroid 2 
beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17-beta-diol dia- 
cetate dimethobromide. It has the following structural formula 


но 





ACTIONS: Pavulon is а non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction. 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. With the 
administration of 0.04 mg. per kg. the onset of action. as measured by a 
peripheral nerve stimulator, is usually within 45 seconds, and its peak 
effect is usually within 4!» minutes; recovery to 90% of control twitch 
height usually takes place in less than one hour. Larger doses, more 
Suitable for endotracheal intubation, such as 0.08 mg. per kg. of Pavulon 
have an onset of action of about 30 seconds, and a peak effect within 3 
minutes. Supplemental incremental doses of Pavulon. following the initial 
dose, slightly increase the magnitude of blockade. and significantly 
increase the duration of the blockade. 

Pavulonhas little effect upon the circulatory system.The most frequently 
reported observation is a slight rise in pulse rate. 

Human histamine assays, and clinical observations. as well as in vivo 
guinea pig testing, and in vitro mast cell testing, indicate that histamine 
release rarely, if ever, occurs. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anti- 
cholinesterases, and potassium ion. Its action is increased by inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane, as well as quinine, magnesium salts, hypokalemia, some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin, clindamycin, 
kanamycin, gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents. 

Pavulon has no known effect on consciousness, the pain threshold, or 
cerebration. 

INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. It may also be employed to facilitate the 
management of patients undergoing mechanical ventilation 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 

WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES 
FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients. 
USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment of 
the physician the potential benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving mag- 
nesium sulfate for toxemia of pregnancy, because magnesium salts enhance 
neuromuscular blockade. Dosage should usually be reduced, as indicated, 
in such cases. 

PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
Should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 

ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and anesthe- 






sia. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle relaxation resulting in respiratory insufficiency 
or apnea. Inadequate reversal of the neuromuscular blockade by anticho- 
linesterase agents has also been observed with Pavulon (pancuronium 
bromide) as with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged adequate 

Cardiovascular: A slight increase in pulse rate is frequently noted. 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

Я Skin: An occasional transient rash is noted accompanying the use of 
avulon. 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action of 
Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane. No increase in intensity of blockade or duration of action of Pavulon 
is noted from the use of thiobarbiturates, narcotic analgesics, nitrous oxide, 
or droperidol. 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the adminis- 
tration of Pavulon should be delayed until the succinylcholine shows signs 
of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by 
or under the supervision of experienced clinicians. DOSAGE MUST ВЕ 
INDIVIDUALIZED IN EACH CASE. The dosage information which follows 
has been derived from dose-response studies based on body weight and is 
intended to serve as a guide only. Since potent inhalational agents or prior 
administration of succinylcholine enhance the intensity of blockade and 
duration of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental dosage 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. per kg 
Later incremental doses starting at 0.01 mg. per kg. may be used. These 
increments slightly increase the magnitude of the blockade, and signifi- 
cantly increase the duration of blockade, because a significant number of 
myoneural junctions are still blocked when there is clinical need for more 


rug. 

If Pavulonisused to provide skeletal muscle relaxation for endotracheal 
intubation, doses of 0.06 to 0.1 mg. per kg. are recommended. Conditions 
satisfactory for intubation are usually present within 2 to 3 minutes. The 
ability of the anesthetist to intubate with Pavulon improves with experience. 

Dosage in Children: Dose response studies in children indicate that, with 
the exception of neonates, dosage requirements are the same as for adults 
Neonates are especially sensitive to non-depolarizing neuromuscular 
blocking agents, such as Pavulon, (pancuronium bromide) during the first 
month of life. It is recommended that a test dose of 0.02 mg. per kg. be given 
first in this group to measure responsiveness. 

Cesarean Section: The dosage to provide relaxation for intubation and 
operation is the same as for general surgical procedures. The dosage to 
provide relaxation, following usage of succinylcholine for intubation (see 
DRUG INTERACTION), is the same as for general surgical procedures. 
MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCKADE: 
Residual neuromuscular blockade beyond the time period needed for 
surgery and anesthesia may occur with Pavulon as with other neuromus- 
cular blockers. This may be manifested by skeletal muscle weakness, 
decreased respiratory reserve, low tidal volume or apnea. A peripheral nerve 
stimulator may be used to assess the degree of residual neuromuscular 
blockade. Under such circumstances the primary treatment is manual or 
mechanical ventilation and maintenance of a patent airway until complete 
recovery of normal respiration is assured. Regonol (pyridostigmine bro- 
mide) or neostigmine, in conjunction with atropine, will usually antagonize 
the skeletal muscle relaxant action of Pavulon. These should be accom- 
panied by or preceded by injection of atropine sulfate to minimize the 
incidence of cholinergic side effects, notably excessive secretions and 
bradycardia. Satisfactory reversal can be judged by adequacy of skeletal 
muscle tone, and by adequacy of respiration. A peripheral nerve stimulator 
may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme 
debilitation, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which enhance 
neuromuscular blockade or cause respiratory depression of their own. 
Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade; ventilation must be supported by 
artificial means until the patient has resumed control of his respiration 
Prior tothe use of reversal agents, reference to the specific package insert 
of the reversal agents should be made. 

CAUTION: Federal law prohibits dispensing without prescription. 
HOW SUPPLIED: 

2 ml. ampuls — 2 mg./ml.— boxes of 25, NDC #0052-0444-26 

5 ml. ampuls— 2 mg./ml.— boxes of 25, NDC #0052-0444-25 
10 ml. vials — 1 mg./ml.— boxes of 25, NDC #0052-0443-25 


Organon Pharmaceuticals 
A Division of Organon Inc. 
West Orange, N.J. 07052 


VoLUME 55, No. 5, SEPTEMBER-ÜcToBER, 1976 


(61) 


pM MUN nnn cn 


CLASSIFIED ADVERTISING 


aaa vn fnm DEC MEE CC MC t RO 


CHIEF ANESTHESIOLOGIST for 200-bed 
hospital—five modern OR's. All surgical serv- 
ices except open heart and neurosurgery. Ex- 
cellent job challenge. Salary based on past 
experience and type of appointment. No mal- 
practice insurance required. For information 
call or write to Dr. Zwemer, Chief Surgeon, 
Phoenix Indian Medical Center, 4212 North 
16th Street, Phoenix, Arizona 85016. (602) 
263-1200. The Indian Health Service is a Fed- 
eral Employer and Federal Civil Service or 
Public Health Commissioned Corps benefits 
and requirements apply. Preference is given 
to qualified Indian or veteran applicants. IHS 
is an equal opportunity employer. 





MARYLAND: Positions on the Anesthesia 
Staff at Baltimore City Hospitals. Excellent 
fringe benefits and salary. Residency fully in- 
tegrated with the Johns Hopkins Medical 
School program. Send CV to Peter Chodoff, 
M.D., Anes-in-Chief, Baltimore City Hospitals, 
4940 Eastern Ave., Baltimore, Maryland 21224. 





PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 
Childrens Hospital of Los Angeles 
Three-phase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 
dren. 
AMA approval for third-year residency. Posi- 
tions available from two months to one year. 
Apply: George B. Lewis, Jr., M.D. 
Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 
Los Angeles, California 90054 
Phone (213) 660-2450, Ext. 2262 


PEDIATRIC ANESTHESIA 

Newly approved 3rd year Residency. Experi- 
ence in clinical anesthesia and intensive care 
medicine according to individual's preference. 
Openings available July 1977. Contaet: 

Burton S. Epstein, M.D., Chairman 

Dept. of Anesthesiology 

Children's Hospital 

National Medical Center 

2125 - 13th St., N.W. 

Washington, D.C. 20009 

Tel: (202) 835-4605 





APPROVED THIRD YEAR RESIDENCY 
TRAINING. Designed to develop anesthesi- 
ology staff for maternity hospitals. Emphasis 
on conduction anesthesia techniques. In-depth 
training, clinical and teaching experience with 
investigative opportunities and maintenance of 
general anesthesia skills in gynecology, gen- 
eral surgery and dental surgery. Credited by 
the University of Pittsburgh. Pennsylvania 
license required. Positions available for six 
months or one year. 


R. McKenzie, M.D., F.F.A.R.C.S. (Eng.) 
Director of Anesthesia 

Magee-Womens Hospital 

Forbes Avenue and Halket Street 
Pittsburgh, PA 15213 





ANESTHESIOLOGIST — markedly expanding 
academic medical center located in attractive 
Midwestern setting requires additional senior 
and junior faculty; Board certification and 
teaching experience necessary; salary from 
$45,000-$75,000 with extraordinary fringe ben- 
efit program. Inquiries with curriculum vitae 
to Box 5-76-B in care of I.A.R.S. 
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CHAIRMAN—DEPARTMENT OF ANESTHESIOLOGY 
(Board Certified) 
938-Bed Medical Complex 
University Affiliated —Teaching Hospital 
Located in Metropolitan Chicago 


Administrative Salary plus Fee for Service Opportunity 
APPLY 
Director, Professional Services 
2520 North Lakeview Avenue 
Chicago, Illinois 60614 
Attention: Chairman, Search Committee 





Rates for classified advertising are $3.00 pe 


r line, minimum 5 lines. Box number ads $3.50 


per line. Classified Display rates om request. Copy deadline 8 weeks prior to publication. Do 
not submit payment with order; invoices will be sent. for payment prior to publication. Ad 
copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia ... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 





all types of hospitals 
‘ross the United States, 
5 usage grows- 


Seven years ago, A. H. Robins 
introduced Dopram, a unique 
respiratory stimulant developed 
in the company's research 
laboratories. What made this drug 
so useful to the anesthesiologist 
was its ability to rapidly restore 
the respiratory drive in patients 
with drug-induced post anes- 
thetic depression. 


Usage of Dopram has 


been steadily. increasing 
each year, until — today it 
has become a very >. 
important drug in the 

armamentarium of more 
than 1,500 hospitals of all 
types in all 50 states, the District 
of Columbia, and a number of 
foreign countries. These hospitals 
purchased more than 600,000 


doses in 1972 alone. ds ' 


Dopram-an important 
drug in anesthesiology. 
Try it for sighs! 
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As this graph 
shows, hospital 
purchases of 
Dopram have 
increased steadily 
from about 
285,000 doses 

in 1968 to over 
600,000 in 1972. 
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Miate respiration in patients 
with drug induced post-anesthetic 
respiratory depression or apnea other 
than that due to muscle relaxant drugs. 
To pharmacologically stimulate deep 
breathing in the so-called "stir-up" 
regimen in the post-operative patient. 
Simultaneous administration of oxygen 
is desirable. 

To hasten arousal and return of 

protective pharyngeal and laryngeal 

reflexes. 

To aid in the differential diagnosis of 

post-anesthetic respiratory depression. 

Failure to adequately stimulate 

respiration suggests residual muscle 

relaxant effect. 

To stimulate respiration, hasten arousal 

and to encourage the return of 

laryngopharyngeal reflexes in patients 
with mild to moderate respiratory and 

CNS depression due to drug overdosage. 
Contraindications — Epilepsy and other 
convulsive states: incompetence of the 
ventilatory mechanism due to muscle 
paresis, flail chest, pneumothorax, airway 
Obstruction, and extreme dyspnea; severe 
hypertension and cerebrovascular 
accidents; hypersensitivity. 

Doxapram is not recommended for 
patients 12 years of age or under because 
studies to evaluate its safety and efficacy 
have not been performed. 

Warnings— Doxapram is an analeptic 
agent; it is neither an antagonist to muscle 
relaxant drugs nor a specific narcotic 
antagonist. Since doxapram has an acid 
pH, it should not be mixed with alkaline 
solutions such as thiopental sodium. 

Since narcosis may recur after 
stimulation with doxapram, care should 
be taken to maintain close observation 
until the patient has been fully alert for 
1/2 to 1 hour. (Duration of drug 5-12 
minutes.) 

Doxapram is an adjunct to well-accepted 
supportive measures and resuscitative 
techniques. It may not stimulate adequate 
spontaneous breathing or provide sufficient 
arousal in patients who are severely 
depressed with CNS depressant drugs. 

When doxapram is administered to 
postoperative patients or to patients in a 
state of narcosis with chronic pulmonary 
insufficiency, oxygen should be 
administered concomitantly. Failure to do 
so may result in further oxygen debt and 
more severe dyspnea due to the increased 
work of breathing. 

Doxapram should be administered with 
great care and only under close supervision 
to patients with cerebral edema, bronchial 
asthma, severe tachycardia, cardiac 
arrhythmia, cardiac disease, 
hyperthyroidism and pheochromocytoma. 
Usage in pregnancy 

No adequate clinical studies have been 
performed to determine the safe use of 
doxapram in pregnancy. Until further 
clinical experience has been obtained, the 
physician must weigh the need against 
possible risks in using the drug in pregnant 
patients or in women of child-bearing 
potential 
Precautions— Recommended dosages of 
doxapram should be employed and 
maximum total dosages should not be 
exceeded. In patients with advanced 
pulmonary disease with hypoxemia, 
marked respiratory stimulation increases 
the work of breathing and may, thus, 
increase oxygen consumption and carbon 
dioxide production. 

With excessive dosage, hyperventilation 
induced by doxapram may lead to 
respiratory alkalosis and hypocapnia with 
tetany and, theoretically, apnea. 

An adequate airway is essential. In order 
to avoid side effects, it is advisable to use 
the minimum effective dosage. Monitoring 
of the blood pressure and deep tendon 
reflexes is recommended to prevent 
overdosage. 

It is desirable that blood gases (Po, 

Рсо, O, saturation) be monitored to assess 
the effectiveness of respiratory stimulation. 
Intravenous barbiturates, oxygen and 
resuscitative equipment should be readily 
available to manage overdosage manifested 

by excessive central nervous system 
stimulation. Slow administration of the 
drug and careful observation of the patient 
during administration and for some time 
subsequently are advisable to insure 
restoration of the protective reflexes. The 


depression must be kept in mind. In 
patients who have been lightly curarized, 
doxapram may temporarily mask the 
residual effects of muscle relaxant drugs. 

Doxapram should be administered 
cautiously to patients receiving 
sympathomimetic or monoamine oxidase 
inhibiting drugs, since a synergistic pressor 
effect may occur. It should likewise be used 
with care in post-operative patients with 
marked dyspnea due to obstructive 
pulmonary emphysema, acute or chronic 
asthma, profound metabolic disorders, 
severe to moderately severe hypertension, 
increased cerebrospinal fluid pressure, 
head injury and acute agitation. 

Since doxapram may stimulate basal 
gastric secretion, it should be used with 
care in patients with peptic ulcer disease 
and in patients undergoing gastric surgery. 

Vascular extravasation or use of a single 
injection site over an extended period 
should be avoided since either may lead to 
thrombophlebitis. 

Hypocapnia accompanying forced 
ventilation is a potent stimulus to cerebral 
vasoconstriction; it may be postulated that 
some element of risk may exist from 
reduced cerebral blood flow following 
prolonged and intensive hyperventilation. 

Since an increase in epinephrine release 
has been noted with doxapram, it is 
recommended that initiation of therapy 
with this respiratory stimulant be delayed 
for at least 10 minutes following the 
discontinuance of anesthetics known to 
sensitize the myocardium to 
catecholamines, such as halothane and 
cyclopropane. 

As with other intravenous preparations, 
all precautions should be taken during 
administration of doxapram to insure that 
injection is made directly into a suitable 
vein; extravasation, and inadvertent intra- 
arterial injection should be avoided. 
Adverse reactions— The following adverse 
reactions have been reported: Central and 
Autonomic Nervous Systems. Hyperactivity 
feelingof warmth, sweating, muscle tremor, 
clonus, increased deep tendon reflexes, 
dizziness, muscle spasticity, pyrexia, 
confusion, paresthesia, pupillary dilatation, 
pilomotor erection, headache, bilateral 
babinski, fasciculation and carpopedal 
spasm. A grand mal seizure occurred 95 
minutes after drug administration in a 
known epileptic patient who was on 
anticonvulsant medication. 


Respiratory. Cough, dyspnea, laryngospasm 
bronchospasm and hiccough. 


Cardiovascular. Hypertension, sinus 
tachycardia, bradycardia, extrasystoles, 
lower T-waves, premature ventricular 
contractions, irregular heart rhythm, 
tightness in chest. Although a mild to 
moderate increase in blood pressure is not 
infrequent, such an increase may 
occasionally be of concern in hypertensive 
patients. 


Gastrointestinal. Nausea and/or vomiting, 
salivation, stimulation of lower bowel, 
sour taste. 


Genitourinary. Urinary retention, 
stimulation of urinary bladder with 
spontaneous voiding. 


Miscellaneous. Pruritus, thrombophlebitis. 


Laboratory Determinations. A decrease in 
hemoglobin, hematocrit, or red blood cell 
count has been observed in postoperative 
patients. In the presence of pre-existing 
leukopenia, a further decrease in WBC was 
observed following anesthesia and 
treatment with doxapram hydrochloride. 
Elevation of BUN and albuminuria have 
heen observed. 

In some of the cases cited above, the 
patients had received multiple drugs 
concomitantly, thus preventing an 
absolute judgment as to the role of 
doxapram in these reactions. 

Dosage— For complete information 
concerning dosage and administration see 
package insert. 

Supply—Dopram (doxapram 
hydrochloride) is available in 20 cc rubber- 
stoppered vials containing 20 mg/cc, with 
chlorobutanol 0.5% as the preservative. 


A. H. Robins Company 
Richmond, Virginia 23220 
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ANECTINE | 
(succinylcholine chloride) 


For controlled muscle relaxation 

adjunctive to anesthesia: 

ы ; FLO-PACK for 
prolonged relaxation 


- instant-mix sterile powder interfaces with all 
major parenteral systems 
. (vacuum or nonvacuum) 


'. each unit complete—no needle ог syringe 
needed 


- retains potency indefinitely ` 
"no refrigeration required 


- unbreakable, sterile plastic injection 
& units of 500 and 1,000 mg 


INJECTION for 
` short-term relaxation 


а product of choice for intubation 
and other short procedures 


- unique square bottle and bright yellow 
` label for positive identification 


- ready for immediate use 

- 20 mg per cc... in40 cc multidose vials ` 
- flip-top cap for easy opening 

"single or multiple use 
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I$ DRUG SHOULD BE USED ONLY BY 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 
— CHARACTERISTICS AND HAZARDS 
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SCRIPTION: Anectine brand Su: 
lorde is an ultra short-acting depolanz 
type muscle relaxant. Chemically i is a di-qua 
consisting of the di-chloride sat of 
holine ester of succinic acid ftis a white, 
odoriess, slightly bitter powder and very soluble 
The drug is unstable with alkaline solu 
Hens. but relatively stabile in acid solutions 
depending upon the concentration of the sol 
| lionondthe storage temperature. While solutions 
wichotine chionde are sterilized by 
hey should. nevertheless, be stored 
under refrigeration to preserve their potency 


INDICATIONS: Succin 
соед as an adjunct to anesthesia to ә 
skeletal muscle relaxation ti may be employed 
е the intensity of muscie contractions 
cologically or electrically induced 


temany base 
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WARNINGS: 
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CONTRAINDICATIONS: Succinylcholine is 
contraindicated for persons with a known hyper 
sensitivity to the drug 
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Po WARNING: SUCCINYLCHOLINE SHOULD 


















BE USED ONLY BY THOSE SKILLED IN THE 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, 
INCLUDING THE ADMINISTRATION OF 
OXYGEN UNDER POSITIVE PRESSURE AND 
THE ELIMINATION OF CARBON DIOXIDE.. 
THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION 
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Succinylcholine should not 
c short-acting barbiturates in the same syringe 
or administered simuttaneousty during intra 
venous infusion through fhe same needle. Sotu- 
tions of succinyicholine have ao acid pH 
whereas those of bar 


syiched 


be maxed with 


Murales ore alkaline in 
“reaction Depending upon the resultani pH of a 
mixture of solutions of these drugs, either free 
barbituric-acid may be precipitated or suc 
i hydrotyzed 

Usage in Pregnancy The sate use of succin 
г yicholine has not been established with res 
lo ће possible adverse effects upon fetaic 
Therefore, it should not be used in 

' of childbearing potential and particu 
during early pregnancy unless in ће iuc 
ent of the physician the potential benefits 


CAUTIONS: Low levels of or abnormal 
of plasma cholinesterase may be oss 


towing the use of succiny 

s Of plasma cholinesterase may 

clients with severe iver disease or cimosis. 
rema. Mainurition. severe dehydro- 

\ body temperature. exposure 

des or those receiving 

uccinyicholine should be 


ре minimal. if iow plasma 
hy ssuspecied a small 
hom 5 to 40. mg of succinyicholine 
'áristered. or relaxation may be 
ihe cautious administration of a 
ofthe drug by intravenous drip 
inhibit plasma c 
igrnine or phospholine iodide 
e for the enz 
IOvenous procame, should not be 
utrently with succinylcholine 
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Succinyicholine should be administered with 
great caution to patients with severe burns 
those recovering from severe trauma. those 
suffering trom electrolyte imbalance, those 
receiving qunidine, those who have been digi 
talized recently or who may have digitatis tox 
icity as senous cardiac amythmias or cardiac 
arrest may result Great caution should be 
observed also in patients with pre-existing 
hyperkalemia or who are paraplegic. have 
suffered spinal neuraxis injury, or have degen- 
erative or dystrophic neuromuscular disease. 
ar such patients tend to become severely 
hyperkalemie when succinyicholine is given 

When succinylcholine is given over a pro- 
longed period of time, the characteristic 
depolanzation block of the myoneural junction 
may change to a non-depolanzing block 
which results in prolonged respiratory dentes: 
sion or apnea Under such circumstances, smali 
repeated doses of neostigmine may possibly 
act as an antagonist. A penpheral nerve stimu- 
iator(e g. the Wellcome Peripheral Nerve Stimu- 
lator) may be used to ascertain the type of 
neuromuscular blockade If a depolarization 
block is present both fast {tetanic} and siow 
{twitch} rates of nerve stimulation are well sus- 
tamed, ond роз tetaric facilitation is absent 
if a non-depolorinng block is present there 15 
post tetanic facilitation and “fade” of succes: 
sive stimuli on both fast {tetanic} and slow 
(twitch) of nerve stimulation 

Succinvicholine should be used with caution 
during o t Surgery and in patients with 
glaucoma The drug should be employed with 
caution in patients with fractures or muscle 
spasm as the muscie fasciculations may cause 
additiona! trauma. Muscle fascicutations and 
hyperkalemia moy be reduced by adminis 
tenng a small dose of a non depolarnzing relox- 
ant If other laxants cre to be used during the 
same procedure, the possibülty of a synergistic 
or antagonistic effect should be considered, 

During the past few years. reports have called 
attention fo a fulminant syndrome, malignant 
hyperthernia, observed during anesthesia. Its 
etiology is not fully understood. Malignant hyper- 
thermia occurs in genetically prone individuals 
of ail ages and both sexes receiving potent 
anesthetics such as halothane. methoxyfiuo- 
thane. cyclopropane and diethy! ether it 
appears fo develop inespective af the con- 
comitant use of a muscle relaxant, put may be 
triggered by succinyicholine. Because of the 
seriousness of this syndrome and the need tor 

early effective treatment of the patient. it is sug- 
gested that the continuous monronng of the. 
temperature will serve as an aid to fhe eorly 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's phar. 
macolog: chons Profound and prolonged 
muscle relaxahon may occur resulting in respo- 
tory depression to the point of apnea Hyper 
sensitivity to the drug may exist in rare instances. 

The following adverse reactions have been 
reported bradycardic, tachycardia, hyper 
tension, hypotension, arhythmios, cardiac 
ares!, prolonged respiratory depression or 
apnea, hypenhermia, increased intraocular 
pressure, muscle fosciculation. postoperative 
muscle pain, myaglatunemia and excessive 
sativation 


MANAGEMENT OF ADVERSE REACTIONS 
Apnea or prolonged muscle paralysis should 
be treated with contro'led respiration 

The use of neostigmine to reverse a non- 
depolarization block is a medical decision 
which mus! be made upon the basis of the 
individual clinical phamacology and the ex- 
perience and judgment of the Clinician. When 
neostigmine is used atropine should also be 
administered : 


SUPPLIED: injection, Multi-dose vials, 20mg cc, 
40 cc. boxes of 12 viols Flo-Pack$Sterile 
Powder 500 mg and 1000 mg. boxes of 42 


Complete literature availabie on request 
from Professional Services Dept PML 
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/ Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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NEW 





National Catheter Corporation, Argyle, 
New York, has available the ENDOTROL, 
an endotracheal tube designed to provide 
directional tip control for difficult nasal 
and/or oral intubations. This tube features 
the hi-lo® cuff to minimize tracheal damage, 
a Murphy tip and eye with x-ray marker, a 
pilot balloon and mechanical self-sealing 
valve. A 15 mm connector is included. 





* Ж * 


Hewlett-Packard, Waltham, Massachu- 
setts, has available two new portable and 
battery-operated ECG Monitors for operat- 
ing rooms and monitoring patients in tran- 
sit, which offer maximum patient and opera- 
tor protection and minimize display inter- 
ference from electrosurgery equipment . 


The monitors have single-channel, non- 
fade displays of ECG, pulse or arterial pres- 
sure waveforms and bargraph displays of 
heart rate. 


In operating rooms, interference by elec- 
trosurgery devices with the monitors’ dis- 
plays are minimized. Special filtering and 22 
circuit shielding reject both conducted and radiated energy associated with such radio- 
frequency (RF) equipment. It is claimed that the likelihood of RF burns at the site of 
patient electrodes—has been sharply reduced with a special filter in the patient cable. 





VoLUME 55, No. 5, SEPTEMBER-OCTOBER, 1976 (67) 


Ohio Medical Products, Madison, Wis- 
consin, has introduced the OMNI-LAB, a 
completely automated and self-contained 
pulmonary function laboratory. The unit 
tests and computes results to provide accu- 
rate and reproducible respiratory diagnostic 
information. 


The integrated Spirometry Module in the 
OMNI-LAB System has been completely 
automated to measure and record the pa- 
tient's Spirogram, Forced Expiratory Vital 
Capacity (FEVC), Forced Inspiratory Vital 
Capacity (FIVC) and Maximum Voluntary 
Ventilation (МУУ). 


A built-in computer performs all the nec- 
essary calculations and calibrations auto- 
matically. 





An Operator Display provides visual cues to the operator on the appropriate procedures 
to be followed for each test, and thereby helps insure the proper sequencing of each test. 
A Patient Display reinforces all operator cues through visual patient instructions. The 
Patient Display Panel has been incorporated because accurate test results in pulmonary 
function testing procedures often depend upon the patient's comprehension of precisely 
what is expected of him. 


* * * 


Ohio Medical Products has introduced a 
Floor Model Suction Bottle Stand for use 
with the hospital pipeline vacuum systems. 


The OHIO Overflow Safety Trap Assem- 
bly features a splash deflector to direct in- 
coming fluids to the bottom of the jar, and 
to act as a seat for the shut-off float for posi- 
tive overflow protection. 





In line with current environmental thinking, Medishield is proud to 
announce the completion of a totally compatible and comprehensive 
system which makes pollution-free anaesthesia a reality. 

Vital to the concept is the newly-developed Medishield pollution 
control system. Competitively priced, it features the now well- 


established anti-pollution valve. 


1 


Precision-engíneered to achieve very 
low resistance to flow, the Medishield 
anti-pollution system introduces no new 
anaesthesia technique yet enables 
waste gases to be safely ducted clear of 
the theatre. All main components are 
autoclavable and the system includes a 
unique feature which gives audible 
indication of patient respiration. 


2 


The definitive answer to closed and 
partial rebreathing circuit techniques. 
Servo gas consumption is a small 
fraction of minute volume ventilation 
while the totally independent servo and 
patient circuits enable any oil-free 
available drive gas to be used. The patient 
circuit can be simply removed in its 
entirety for sterilization. 

A built-in patient safety feature enables 
spontaneous breathing to take place. The 
unique fluid logic and patient circuitry 


Medishield 
Pollution control system 


Medishield 
Manley Servovent 


give an unprecedented degree of control _ 


over tidal volume, inspiratory flow and 
expiratory time. Any deficiency in gases 
is automatically compensated by 
atmospheric air. 


3 


Utilizing reversible canisters or 
disposable pre-packs, the Circle 
Absorber is widely regarded as the finest 
available. The unique Visidisk system 
gives at-a-glance confirmation that the 
valve discs are correctly in place. The 
absorber is designed for mounting on 
alternative positions on Boyle tables. 


Medishield 
Circle Absorber 


Medishield Boyle International 


Now the standard anaesthesia table in 
many countries of the world, the Boyle 
International forms a compact, 
economical foundation for the complete 
closed-circuit pollution-free 
anaesthesia station. 


Manufactured by: 
П 5 79" И  Medishield (Harlow) Limited Australia 
РРР Elizabeth Way, Harlow CIG Medishield 
Essex СМ19 5AB, England Canada 
Telephone: Harlow (0279) 29692 Medishield Products Ltd 
Cables: Britoxygen Harlow Italy 


Telex: 81497 


Saccab SpA 


< 





Spain 

Material Medico Quirurgico 
SA (MMQ) 

Sweden 

Mediada AB 


United Kingdom 
BOC Medishield 


USA 
Harris-Lake Inc 


The Stripe Symbol and words Medishield, Boyle. Manley and 


Servovent are BOC Group Trade Marks 
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MONITORING COMFORT 
CUSTOM EARPIECE 
Made From Your Own Ear Impression 


"Do It Yourself Impression Procedure" Proven 
At Many Hospitals Over Period of Several 
Years. 


Impression Kit and Full Instructions 
Complete With Postage Prepaid. Mailer $1.00 


Lucite Custom Earmold With Coupler . $8.50 


One Week Delivery. Full Guarantee. 
Full information upon request. 


PLASTICAST LABORATORIES, INC. 
711 Penn Ave. Pittsburgh, Pa. 15222 


Telephone: (412) 281.3357 
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Non-conductive 
blood pressure cuffs . . . 


in color! 


Color-code your departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, blue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual’s name. 

Stain resistant, washable, with velcro 
attaching strips for Dupaco Diasyst.® Sizes 
listed below. For more information write: 
Dupaco Inc., P.O. Box 98, San Marcos, CA 


92069. 

Adult 534" x 22" 
Medium Adult 5" x 17%” 
Child 3%" x 14%” 


254" x AA" 








DUPACO 


INCORPORATED 
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When to use the word Phar mà. seal. 


For components, features, 
"performance" in single-use 
anesthesia trays, just say the 
word. 

The trays you've counted 
on from the start now offer you 
even more to go on. 

Back in 1963 we intro- 
duced the world's first single-use, 
regional anesthesia trays. - 

Today, with a record of safe 
performance difficult to equal, we 
offer you an even wider selection 
of components and features — 
just as difficult to match — in 
: Spi al, caudal and epidural trays. 
| All with our all-new spinal 
nee le. The needle that S AR 











ann pe аша wi a 
th an exceptional 
a matched- 


etal hub and more. 


Trays that offer you a new 
fenestrated drape with its own 
adhesive tabs. 

À large, moisture-resistant 
hospital wrap with a new "wrinkle" 
for better procedure. 

Plus, a specially designed 
introducer needle, a clear 5-cc. 
Stylex? syringe, a unique aseptic 
transfer carton...and a variety of 
other first-quality components 
and drugs. 

But see for yourself what 
we're talking about. See the trays 
with performance you can count 
on. For samples, just call or write. 

You know the word to use. 
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on of data on the 

of trace anesthetic gas 
pollution control. Send for 

Response Program. 


es reports and studies to 

ou put the problem in 
erspective, our “PRP” plan of 
ction provides an up-to-date 
ok at our products which help 
ou detect and scavenge trace 
as in your OR. Key to our pro- 
ram is the Foregger 410 N;O 
race Gas Monitor, a basic 
?quirement for any efficient 
ace gas monitoring program. 
's designed to provide rapid 

d continuous sampling of the 

R air you breathe. 


he machine has two sensing 
odes—Monitor (0-100 ppm) 

d Leak Test (0-1,000 ppm). 

e first mode continuously 
onitors the ambient air through 
e gas inlet of the machine. 

e second permits probing of 
cal concentrations and sounds 
repetitive burst alarm as the 
às concentration increases. 


Yes, | am intere 


(Please print or type) Ў 


ised About ( 
Cut It Out. 


In short, the Foregger 410 N:O 
Trace Gas Monitor is a logical 
first step in solving your OR po 
lution problem. And there's - 
more. The Scaveng-OR™ 

Gas Evacuator System, the 
Protect-OR™ Filter, Wall Suction 
Systems, and Air-CARE™ Pre- 
ventive Maintenance Service. 


Based on current data, it's likely 
that routine monitoring of pol- 
lution levels and scavenging of 
waste anesthetic gases will soon 
be standard Operating Room 
procedure. We're ready to help 
you now. 


Fill out this ad coupon or ask our 
Representative for a Foregger 
PRP Folder. You'll get the prob- 
lem in perspective and a plan 

of action to help correct it. 


FOREGGER 


Send coupon to: 


Air Products and Chemica Inc. 
Medical Products Dj 

P.O. Box 538 

Allentown 
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THE 
UNPROTECTEDEYE  . 
THAT WAS 
“PROTECTED” 
WITH TAPE. 





€ 
After tape removal, corneal damage is not After fluorescein staining, the green band delin- 
evident on gross inspection. eates area of epithelial injury. 
Corneal abrasion...the most common ocular been used as an added precaution before the í 


complication of general anesthesia. ?'"lt is pain- tape was applied. 
ful, may progress to inflammation of the uveal 
tract, and in the presence of contamination may 
lead to a serious infection!” 


Lacri-Lube. The first sterile, nonmedicated 
ophthalmic ointment designed solely to lubri- 
cate the eye and protect it against the risk of 


This patient's eyes were taped shut and chemical insult, dehydration, or corneal 
monitored throughout a surgical procedure abrasion. 

that lasted several hours. No ocular lubricant 

was used? The cause of the corneal abrasion Whether you tape or not, make Lacri-Lube 


is unknown... but it might have been prevented а part of your standard procedures to minimize 
if Lacri-Lube® sterile ophthalmic ointment had the risks of general anesthesia. 


LACRI-LUBE 


sterile ophthalmic ointment 


IT’S EXTRA INSURANCE. | 
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Untoward Ophthalmic and Neurologic Events of Anesthesia. Surg Clin N Amer 45:927 1965 3. Data on file, Allergan Pharmaceuticals 
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In 16 yearsof use inthe United States, 
FLUOTHANE (halothane) has been ad- 
ministered over 100 million times in a wide 
variety of surgical procedures. 100 million 
...extensive usage and evaluation that 
attests to FLUOTHANE as the most widely 
used inhalant anesthetic. 

Since it was first introduced, over 
4,000 papers worldwide have been pub- 
lished, ranging from review articles to 
in-depth studies. 4,000 papers... 

a bibliographic record of note on the most 
widely used inhalant anesthetic. 

Ina continuing program of informa- 
tional services on anesthesiology, Ayerst 
provides printed and audiovisual aids 
reflecting the opinions and experiences of 
recognized authorities in the field. These 
include the highly regarded series on 
Anesthesia Rounds and Clinical Aspects of 
Anesthesiology, as well as several films of 


educational value—all available t through 


FLUOTHANE ‹нл:отнаме 
VER 100 MILLION 
ADMINISTRATIONS 


e nonflammable, nonexplosive 
e permits use of high concentrations of 
oxygen 

e allows free useof cautery for more 
adequate control of bleeding 
e minimal odor facilitates smooth, rapid 
induction, reduces patient distress 
e early obtundation of pharyngeal and 
laryngeal reflexes facilitates intubation 
e lessens airway problems 
e permitsrapid adjustment of depth of 
anesthesia 
e emergence is rapid and tranquil with 
quick recovery of protective reflexes 
e minimal nausea and vomiting, shorter 
recovery room stay 











A st See last page of advertisement 
yer *| for prescribing information 
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FLUOTHANE 


brand of halothane 
the most widely used 
inhalant anesthetic 


from 


for precision, experience, 
quality, and service 





(Complete text of package circular.) 

Description. FLUOTHANE, brand of halo- 
thane, is an inhalation anesthetic. It is 
2-bromo-2-chloro-1, 1, 1-trifluoroethane 
and has the following structural formula: 


F Br 





7 
c—c——Cl 
7 З 

F H 

The specific gravity is 1.872-1.877 at 
20° C., and the boiling point (range) is 
49° С.-51° C. at 760 mm. Hg. The vapor 
pressure is 243 mm. Hg at 20° C. The 
blood/gas coefficient is 2.5 at 37* C., and 
the olive oil/water coefficient is 220 at 
37° C. Vapor concentrations within anes- 
thetic range are nonirritating and have a 
pleasant odor. FLUOTHANE is nonflam- 
mable, and its vapors mixed with oxygen 
in proportions from 0.5 to 50 per cent 
(v/v) are not explosive. 

FLUOTHANE does not decompose in 
contact with warm soda lime. When mois- 
ture is present, the vapor attacks alumi- 
num, brass, and lead, but not copper. 
Rubber, some plastics, and similar mate- 
rials are soluble in FLUOTHANE; such 
materials will deteriorate rapidly in con- 
tact with FLUOTHANE vapor or liquid. 
Stability of FLUOTHANE is maintained 
by the addition of 0.01 per cent thymol 
(w/w), and storage is in amber colored 
bottles. 

FLUOTHANE should not be kept indefi- 
nitely in vaporizer bottles not specifically 
designed for its use. Thymol does not vol- 
atilize along with FLUOTHANE, and there- 
fore accumulates in the vaporizer, and 
may, in time, impart a yellow color to the 
remaining liquid or to wicks in vaporizers. 
The development of such discoloration 
may be used as an indicator that the va- 
porizer should be drained and cleaned, 
and the discolored FLUOTHANE (halo- 
thane) discarded. Accumulation of thy- 
mol may be removed by washing with 
diethyl ether. After cleaning a wick or 
vaporizer, make certain all the diethyl 
ether has been removed before reusing 
the equipment to avoid introducing ether 
into the system. 

Actions. FLUOTHANE is an inhalation 
anesthetic. Induction and recovery are 
rapid and depth of anesthesia can be 
rapidly altered. FLUOTHANE progres- 
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sively depresses respiration. There may 
be tachypnea with reduced tidal volume 
and alveolar ventilation. FLUOTHANE is 
not an irritant to the respiratory tract, 
and no increase in salivary or bronchial 
secretions ordinarily occurs. Pharyngeal 
and laryngeal reflexes are rapidly ob- 
tunded. It causes bronchodilation.: Hy- 
poxia, acidosis, or apnea may develop 
during deep anesthesia. 

FLUOTHANE reduces the blood pres- 
sure, and frequently decreases the pulse 
rate. The greater the concentration of the 
drug, the more evident these changes 
become. Atropine may reverse the brady- 
cardia. FLUOTHANE does not cause the 
release of catecholamines from adrener- 
gic stores. FLUOTHANE also causes dila- 
tion of the vessels of the skin and skeletal 
muscles. 

Cardiac arrhythmias may occur during 
FLUOTHANE anesthesia. These include 
nodal rhythm, AV dissociation, ventricular 
extrasystoles and asystole. FLUOTHANE 
sensitizes the myocardial conduction sys- 
tem to the action of epinephrine and 
norepinephrine, and the combination 
may cause serious cardiac arrhythmias. 
FLUOTHANE increases cerebral spinal 
fluid pressure. FLUOTHANE produces 
moderate muscular relaxation. Muscle 
relaxants are used as adjuncts in order to 
maintain lighter levels of anesthesia. 
FLUOTHANE augments the action of non- 
depolarizing relaxants and ganglionic 
blocking agents. FLUOTHANE is a potent 
uterine relaxant. 

Indications. FLUOTHANE (halothane) is 
indicated for the induction and mainte- 
nance of general anesthesia. 
Contraindications. FLUOTHANE is not 
recommended for obstetrical anesthesia 
except whenuterine relaxation is required. 
Warnings. When previous exposure to 
FLUOTHANE was followed by unexplained 
jaundice, consideration should be given 
to the use of other agents. 

FLUOTHANE should be used in vapor- 
izers that permit a reasonable approxima- 
tion of output, and preferably of the cali- 
brated type. The vaporizer should be 
placed out of circuit in closed circuit re- 
breathing systems; otherwise overdosage 
is difficult to avoid. The patient should 
be closely observed for signs of overdos- 
age, i.e., depression of blood pressure, 
pulse rate, and ventilation, particularly 
during assisted or controlled ventilation. 

Usage in Pregnancy: Safe use of 

FLUOTHANE has not been established 
with respect to possible adverse effects 
upon fetal development. Therefore, 
FLUOTHANE should not be used in 
women where pregnancy is possible and 
particularly during early pregnancy, un- 
less, in the judgment of the physician, 
the potential benefits outweigh the un- 
known hazards to the fetus. 
Precautions. The uterine relaxation ob- 
tained with FLUOTHANE, unless carefully 
controlled, may fail to respond to ergot 
derivatives and oxytocic posterior pitui- 
tary extract. 

FLUOTHANE increases cerebrospinal 
fluid pressure. Therefore, in patients with 
markedly raised intracranial pressure, if 


FLUOTHANE is indicated, administration 
should be preceded by measures ordi- 
narily used to reduce cerebrospinal fluid 
pressure. Ventilation should be carefully 
assessed, and it may be necessary to as- 
sist or control ventilation to insure ade- 
quate oxygenation and carbon dioxide 
removal. 

Epinephrine or norepinephrine should 
be employed cautiously, if at all, during 
FLUOTHANE (halothane) anesthesia 
since their simultaneous use may induce 
ventricular tachycardia or fibrillation. 

Nondepolarizing relaxants and gangli- 
onic blocking agents should be adminis- 
tered cautiously, since their actions are 
augmented by FLUOTHANE. 

Adverse Reactions. The following adverse 
reactions have been reported: hepatic 
necrosis, cardiac arrest, hypotension, 
respiratory arrest, cardiac arrhythmias, 
hyperpyrexia, shivering, nausea, and 
emesis. 

Dosage and Administration. FLUOTHANE 
may be administered by the nonrebreath- 
ing technic, partial rebreathing, or closed 
technic. The induction dose varies from 
patient to patient. The maintenance dose 
varies from 0.5 per cent to 1.5 per cent. 

FLUOTHANE may be administered with 
either oxygen or a mixture of oxygen and 
nitrous oxide. 

How Supplied. No. 3125—Unit packages 
of 125 cc. and 250 cc. of halothane sta- 
bilized with 0.01% thymol (w/w). 
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Nicholes 99, 


The world's most effective filter. 


It works 


' 








like a magnet; 





not 


just a strainer. 


lew electrostatic filter element 
ttracts, traps and holds over 99% 
f the pathogens found in the 
nesthesia system. Not just 
acteria, but viruses as well, 
egardless of size. Tests* prove 
паї the patented Nicholes "99" is 
he most practical and effective 
Iter available, affording pro- 
2ction against both infections 
nd malpractice suits. It is light - 
eight and multi-directional, and 
лау be interposed in different 
ositions within the anesthesia 
ystem. Its unique filter trap with 
iinimal air resistance eases 
atient breathing even under ad - 
erse respiratory conditions or 
igh relative humidity. 


Research findings available upon request. 


The Complete Circuit. 
The finest conductive, disposable 


anesthesia circuit, it is manufactured 


to the highest medical standards, 
at low, competitive prices. 





The complete 
circuit includes two 
flexible, lightweight 
breathing tubes, a 
3-litre breathing bag 
and a specially- 
engineered swivel 


imum compactness and mobility. 
Plus the amazingly efficient 
disposable Nicholes 99 

Bacterial and Viral Retentive Filter. 
Filters and individual components 
may be ordered separately. 
Available from your surgical or hos 
pital supply dealer, or call K&G for 


name of nearest supplier. 
Dealer inquiries invited. 
Mail the coupon now. 


K&G Healthcare Industries, Inc. 

P.O. Drawer #168, Goldsboro, N.C. 27530 

(919) 731-2283 
Please send me further information on the 
Nicholes “99” Filter. 


Please arrange a demonstration for me on the 
Nicholes "99" Filter. 














wye piece for max- Name Title 
Institution Name 
Address 
City 
State Zip 
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[ 
EMERS ON 
IMV| Ventilator 






Intermittent Mandatory Ventilation 





Continuous-flow voluntary ventilation, with inter- 
mittent forced breaths, is an alternative to assisted or 
controlled respiration. It has been found especially 
valuable for infants and for use in “weaning” adults as 
they improve. 









Air fully humidified (and usually enriched with 
oxygen) flows continuously to a reservoir bag, and is 
available for unobstructed inspiration by the patient. 
A slight expiratory back-pressure (PEEP) may be 
added, to keep the lungs expanded. At intervals the 
ventilator delivers a "mandatory" breath, which sup- 
plements the patient’s own breathing activity and 
increases minute volume. The machine does not 
have to "take over". The patient maintains his own 
homeostasis, without interference from drugs or 
hyperventilation.’ 















At first the ventilator is generally set to supply man- 
datory breaths at a normal controlled rate. This con- 
trolled respiration is then gradually changed, by 
lengthening the interval between breaths (a second 
or two at a time) as the patient's condition improves. 
Eventualiy mandatory breaths are spaced so far apart 
that the patient scarcely relies on them at all — and 
“weaning” is completed.’ 


VERSUS ASSIST 


Triggering an assistor has often been a problem, particularly for infants, since their rates are rapid 
and their inspiratory impulses are slight. If synchronization is less than perfect, the patient inhales (at 
least part of the time) with no fresh gas available. Under such circumstances, blood levels of CO; 
rise, as noted by Kirby and associates.' 


VERSUS CONTROL 


For apneic patients, control is obviously needed. But to take over, when a patient is breathing 
spontaneously, drugs have to be used or the patient has to be hyperventilated. Either procedure has 
drawbacks. Paralytic or sedative agents may obscure signs of neurological or metabloic disorders. 
Lowered muscle tone may impair venous return, and hence cardiac output. The effects of such drugs 
are particularly hard to predict in infants. 

























Hyperventilation (often used to suppress spontaneous breathing efforts) has drawbacks, too. The 
resultant alkalosis reduces cerebral blood flow. Blood levels of calcium and magnesium are altered. 
Airway resistance increases and pulmonary compliance decreases with hypocarbia.? Finally, there is 
evidence of a shift in the carbon dioxide response curve, which makes weaning more difficult. 








All of these pit-falls can be avoided by using continuous-flow IMV. 







Please request Form 3-MV. 


J. H. EMERSON COMPANY 


CAMBRIDGE, MASSACHUSETTS 02140 






аул tee-Gare 


SERVICE AGREEMENT 


Cleaning of FLUOTEC and other TEC 
type vaporizers is frequently confused 
with calibration of these units. 


Proper calibration to factory specifica- 
tions, essential for safe operation, 






JE can only be accomplished by using a 

USE ONLY E y complex optical system — 

, FLUOTHANE » The Refractometer. 
(HALOTHANE) : ^ Vaporizers should be calibrated with a 


Refractometer at least once a year. 


HARRIS-LAKE now offers a new 
preventive maintenance contract 
(TEC-CARE™™-), a low-cost service 
contract that will assure factory service 
at the proper time to the proper 
vaporizer with the proper 

equipment— with guaranteed 
calibration/verification. 





t d ; Additional Details 
j^ on Opposite Side 
b. $ ® 
P HARRIS-LAKE, INC. 
5600 SOUTH MARGINAL ROAD 
— CLEVELAND, OHIO 44103 


WATS LINE 800/321-7100 


FOR Please send complete TEC-CARE™™-Service Agreement to: 


COMPLETE 
FORMATION, 
FILL OUT 


E Hospital 
g- Address 
О 4 
City, State, Zip 
THIS CARD 


LENT Jul. uc. l4 


Name 


HARRIS-LAKE INTRODUCES ... 














A PROGRAM THAT ASSURES YOU OF A ^ 
REGULAR, GUARANTEED SERVICING OF 
YOUR VAPORIZER BY: 

COMPLETE DISMANTLING 

OF THE INSTRUMENT 

AND PARTS CHECK FOR 

DAMAGE AND WEAR 

CLEANED 

IN AN ^ 


ULTRASONIC BATH 


WICKS AND SMALL PARTS 
ARE REPLACED AT NO 
CHARGE AND THE 

INSTRUMENT IS REBUILT 


OVER TWENTY 
CALIBRATION CHECKS 
ARE MADE 


GUARANTEED ACCURACY 
TO MANUFACTURER'S 
SPECIFICATION 


FIRST CLASS PERMIT 
No. 21391 
CLEVELAND 
OHIO 


FOR 
COMPLETE 
INFORMATION, 
FILL OUT 






BUSINESS REPLY MAIL 


) postage stamp necessary if mailed in the United States 





— POSTAGE WILL BE PAID BY — 





HARRIS-LAKE, INC. 
5600 South Marginal Road THIS CARD 


Ft ee ee има: AAA ^n meee mmammm 
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PEOPLE 
and 
PLACES 





Intensive Care sponsored by the Department of Anesthesiology University of 
Miami School of Medicine will be presented on a Caribbean Cruise aboard S/S 
Doric, January 6-15, 1977. Contact: Sonja Auxier, Department of Anesthesiology, 
University of Miami School of Medicine, P.O. Box 540875, Biscayne Annex, Miami, 
Florida 33152. 


* * 


The Second International Symposium on Malignant Hyperthermia, sponsored 
by the Department of Anesthesiology and the University of Colorado School of 
Medicine will be held at the University of Colorado Medical Center on April 1, 2, 3, 
1977. For further information write: J. Antonio Aldrete, M.D., University of 
Colorado Medical Center, Box B113, Denver, Colorado 80262. 


* ж 


Annual Meeting, Society for Obstetric Anesthesia and Perinatology. Edgewater 
Inn, Seattle, Washington, will be held April 14-17, 1977. 


For more information, write: David Ralston, M.D., Department of Anesthesia, 
University of Washington, School of Medicine, Seattle, Washington 98105. 


* * 


The Department of Anesthesia, Boston Hospital for Women and Harvard Medical 
School, Boston, Massachusetts, will present a course entitled “Obstetric Analge- 
sia and Anesthesia,” May 6-7, 1977. 


This course is designed to present a review and update on obstetric anesthetic 
management. 


Course directors: Gerard W. Ostheimer, M.D., and Milton H. Alper, M.D. 


For more information write: Department of Continuing Education, Harvard 
Medical School, 25 Shattuck Street, Boston, Massachusetts 02115. 


* * 


The First Colorado Anesthesiology Symposium sponsored by the Colorado Soci- 
ety of Anesthesiologists and the Office of Postgraduate Education and the Depart- 
ment of Anesthesiology of the University of Colorado School of Medicine will be 
held at the Broadmoor Hotel in Colorado Springs on July 30-31, 1977. The seminar 
will deal with anesthesiology and the cardiac patient. Further details may be 
obtained from Dr. J. Antonio Aldrete, University of Colorado Medical Center, 
Box B113, Denver, Colorado 80262. 


di bles! 
ISposa п Anesthesia Ventilator, 
fluidically controlled for 


less maintenance 
Precise and reliable 
With a built-in gas 
evacuator. Ohio can 
Е also customize a gas 
evacuation interface to 


pee accommodate your 


Xi disposal REN 


ү; 
О, Monitor 
a with visual and 
audio alarms. 
es 


OHIO Critical Care 

Ventilator with 

intermittent mandatory 

vonaton ‘engineered ¥ 
” Assists ventilation 

in nany interval from 5 tog 

100 seconds 















VORTEX™ Respiration Monitor 
measures tidal volumes 
continuously, totalizes to obtain 
minute volume 












Disposable Endotracheal Tubes, 
new, uncuffed or with 
anatomically designed cuffs for 
gentle seal. Unique inflation and 
pilot balloon assembly. 


Disposable Anesthesia 
Breathing Circuit with 
conductive, cushioned masks in 
three sizes. Our bacteria filter- 
pathogen trap fits most 
anesthesia circuits. 


One system designed to suit all can't really satisfy 
everyone. Because somewhere along the line you have 
to compromise. Each of you has your own ideas about 
how best to provide excellertce in patient care in your 
own operating theater. And each OR has its unique 
needs. 

Most new systems begin with one of the four OHIO" 
anesthesia machines. Rugged. Practical. Versatile. 
Functional. Delivering your preference in anesthetic 
agents with accuracy and safety. 

Then, your system grows to support your skills and 
techniques, as you add accessories and options from 
Ohio: Vaporizers, ventilators and absorbers, monitors, 
disposables, medical gases, and gas evacuation 
systems. And we always have more on the way. 


You can depend on over 100 factory-trained Ohio 
servicemen and six service centers in the U.S. and 
Canada to keep your anesthesia equipment performing. 
Plus a knowledgeable sales staff. 

Send for information. Or send for your salesman. 
Ohio will help you develop a reliable, sophisticated 
anesthesia system. One you can build on when future 
technologies develop. So, you'll never have to 
compromise in caring for your patients. 


ORIO Medical Products Aco" 


3030 Airco Drive, P.O. Box 7550, Dept. 305 
Madison, Wisconsin 53707 





HOPE" II resuscitator with а new 
valve and the facility to 
administer enriched oxygen 
concentrations. 


OHIO Calibrated Vaporizer, new, 
easy-to-use, temperature and 
flow compensated with excellent 
low-flow performance 


New Trace Gas Analyzer detects 
and measures the concentration 
of nitrous oxide in the operating 
room atmosphere; alerting OR 
personnel to leak sources. 


196b A 


404,310 e 





19714 
525,840 





ANECTINE | 
(succinylcholine chloride) 


For controlled muscle relaxation 
adjunctive to anesthesia: 


` FLO-PACK for. 
prolonged relaxation 


- instant-mix sterile powder interfaces with all 
major parenteral systems 
‚ (уасиипт ог nonvacuum) 


‚еасһ unit complete—no needle or syringe 
needed 


- retains potency indefinitely. ` 
~ по refrigeration required 
- unbreakable, sterile plastic injection 


INJECTION for 
` short-term relaxation 


- a product of ċhoice for intubation 
and other short procedures 


- unique square bottle and bright yellow 
label fòr positive identification 


- ready for immediate use 

- 20 mg per cc... іп 40 cc multidose vials ` 
- flip-top cap for easy opening 

single or multiple use 
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cinylcholine chloride) 
THE LONG AND SHORT of 
gical muscle relaxation 





THIS DRUG SHOULD BE USED ONLY BY | 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, 
CHARACTERISTICS AND HAZARDS 





DESCRIPTION: Anectine brand Succinyicholine 
Chioride is an ultra short-acting depolarizing 
type muscle relaxant. Chemically it is a di qua 
temary base consisting of the di-chloride salt o 
the di-choline ester of succinic acid. It is a white 
odorless, slightly bitter powder and very soluble 
in water The drug is unstable with alkaline solu 
lions. but relatively stable in acid solutions 
depending upon the concentration of the solu 
lionandthe storage temperature. While solutions 
Of succinylcholine chloride are sterilized by 
autoclaving. they should, nevertheless, be stored 
under refrigeration fo preserve their potency 


INDICATIONS: Succinylcholine chloride is indi 
cated as an adjunc! to anesthesia to induce 
skeletal muscle relaxation. It may be employed 
to reduce the intensity of muscle contractions 
of pharmacologically or electrically induced 
convulsions 


CONTRAINDICATIONS: Succinyicholine is 
contraindicated for persons with a known hyper 
sensitivity to the drug 


WARNINGS: 





WARNING: SUCCINYLCHOLINE SHOULD | 
BE USED ONLY BY THOSE SKILLED IN THE | 
MANAGEMENT OF ARTIFICIAL RESPIRA- 
TION AND ONLY WHEN FACILITIES ARE 
INSTANTLY AVAILABLE FOR ENDOTRA- 
CHEAL INTUBATION AND FOR PROVIDING 
ADEQUATE VENTILATION OF THE PATIENT, 
INCLUDING THE ADMINISTRATION OF 
OXYGEN UNDER POSITIVE PRESSURE AND | 
THE ELIMINATION OF CARBON DIOXIDE.. 
THE CLINICIAN MUST BE PREPARED TO 
ASSIST OR TO CONTROL RESPIRATION 


Succinylcholine should not be mixed with 
short-acting barbiturates in the same syringe 

or administered simultaneously during intra 
venous infusion through the same needle. Solu 
tions of succinylcholine have an acid pH 
whereas those of barbiturates are alkaline in 
reaction. Depending upon the resultant pH of a 
mixture of solutions of these drugs. either free 
barbituric acid may be precipitated or suc 
cinylchotine hydrolyzed 

Usage in Pregnancy The safe use of succin 
yicholine has not been established with respect 
tothe possible adverse effects upon fetal devel 
opment. Therefore, i! should not be used in 
women of childbeanng potential and particu 
Юу during early pregnancy unless in the judg 
ment of the physician the potential benefits 
Outweigh the unknown hazards 


F PRECAUTIONS: Low levels of. or abnormal vari 
conis of plasma cholinesterase may be asso 
Biated with prolonged respiratory depression 
L—orapnea following Ihe use of succinylcholine 
Low levels of plasma cholinesterase may o 
Чч inpatients with severe liver disease or cimhosis 
Pa severe anemia. malnutrition. severe dehydra 
We hanges in body temperature. exposure 
lurotoxic insecticides or those receiving 
maida! drugs. Succinylcholine should be 
istered with extreme care to such patients 
sage should be minimal. If low plasma 
rase activity is suspected. a small 

of from 5 to 10 mg of succinylcholine 
e-administered. or relaxation may be 

by the coutious administration of a 
oh of the drug by intravenous drip 
eitherinhibit plasma cholinesterase 
ostigmine or phospholine iodide. or 
with succinylcholine for the enzyme 
niravenous procaine. should not be 
urrently with succinylcholine 

















ur 





Succinyicholine should be administered with 
great caution to patients with severe burns 
those recovering from severe trauma. those 
suffering from electrolyte imbalance. those 
receiving quinidine, those who have been digi 
talized recently or who may have digitalis tox 
icity as serious cardiac amhythmias or cardiac 
arrest may result. Great caution should be 
observed also in patients with pre-existing 
hyperkalemia or who are paraplegic. have 
suffered spinal neuraxis injury, or have degen 
erative or dystrophic neuromuscular disease 
as such patients tend to become severely 
hyperkalemic when succinylcholine is gl 

When succinylcholine is given over a pro 
longed period of time. the characteristic 
depolarization block of the myoneural junction 
may change to a non-depolarizing block 
which results in prolonged respiratory denres 
sion or apnea. Under such circumstances, small 
repeated doses of neostigmine may possibly 
act as an antagonist. A peripheral nerve stimu 
lator(e.g., the Wellcome Peripheral Nerve Stimu 
lator) may be used to ascertain the type of 
neuromuscular blockade. If a depolarization 
block is present both fast (tetanic) and slow 
(twitch) rates of nerve stimulation are well sus 
tained, and post-tetanic facilitation is absent 
If a non-depolarizing block is present there is 
post-tetanic facilitation and “fade” of succes 
sive stimuli on both fast (tetanic) and slow 
(twitch) rates of nerve stimulation 

Succinylcholine shouid be used with caution 
during ocular surgery and in patients with 
glaucoma. The drug should be employed with 
caution in patients with fractures or muscle 
spasm as the muscle fasciculations may cause 
additional trauma. Muscle fasciculotions and 
hyperkalemia may be reduced by adminis 
tering a small dose of c non-depolanzing relax 
ant. If other relaxants are to be used during the 
same procedure, the possibility of a synergistic 
or antagonislic effect should be considered 

During the past few years, reports have called 
attention to a fulminant syndrome. malignant 
hyperthermia, observed during anesthesia. Its 
etiology is not fully understood. Malignant hyper 
thermia occurs in genetically prone individuals 
of all ages and both sexes receiving potent 
anesthetics such as halothane. methoxyfluo 

thane, cyclopropane and diethyl ether It 
appears to develop irespective of the con 
comitant use of a muscle relaxant, but may be 
triggered by succinyicholine. Because of the 
seriousness of this syndrome and the need for 
earny effective treatment of the patient, it is sug 
gested that the continuous monitoring of the 
temperature will serve os an aid to 


























the early 
recognition of malignant hyperthermia 


ADVERSE REACTIONS: Adverse reactions con 
sist primarily of an extension of the drug's phar 
macological actions, Profound and prolonged 
muscle relaxation may occur. resulting in respira 
tory depression to the point of apnea. Hyper 
sensitivity to the drug may exist in rare instances 

The following adverse reactions have been 
reported: bradycardia, tachycardia, hyper 
tension, hypotension, arrhythmias. cardiac 
arrest. prolonged respiratory depression or 
apnea, hyperthermia. increased intraocular 
pressure, muscle fasciculation, postoperative 
muscle pain, myoglobinemia and excessive 
salivation 


MANAGEMENT OF ADVERSE REACTIONS 











Apnea or prolonged muscle poralysis should 
be treated with controlled respiratior 
The use of neostigmine to reverse a non 





depolarization block is a medical decision 
which must be made upon the basis of the 
individual clinical pharmacology and the ex 
perience and judgment of the clinician. When 
neostigmine is used atropine should also be 
administered 


SUPPLIED: Injection. Multi-dose vials, 20 mg cc 
40 cc. boxes of 42 vials. Flo-Pack Sterile 
Powder 500 mg and 1,000 mg. boxes of 12 








Complete literature ovailabie on request 
from Professional Services Dept. PML 


PR / 


Wellcome / 


/ Burroughs Wellcome Co. 
Research Triangle Park 
North Carolina 27709 
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Reservoir 









Ball Valve 


Inflation Tube 


LIQUI-SEAL 
ALLOWS CONTROL OF 
MOST HAZARDOUS 

PRESSURE PROBLEMS. 


U.S. Pat. No. 3766927 
Other Pat. pending 


ў 


Dupaco's new Liqui-Seal™ Systems solves 4. Cuff pressure constant during N20 
pressure problems associated with air filled anesthesia. 

Tracheal Tube cuffs by eliminating air itself. 5. No change in cuff pressure due to 
This is accomplished by filling the cuff with altitude changes (air evacuation). 
saline solution from a self-contained reservoir. 6. Maximum pressure obtainable approx. 
Since the fluid in the cuff system is incom- 40cm H20. 

pressable, as compared with air, the pressure 7. One hand operation. 


on the tracheal mucosa will vary directly with Liqui-Seal™ Tracheal Tubes are available in 


the height of the top of the fluid reservoir 
above the cuff at the time the cuff inflation 
valve is closed. The use of Liqui-Seal™ Sys- 
tem gives the following advantages: 

1. Positive seal at extremely low pressure. 

2. Safe for prolonged use without periodic 

cuff deflation. 
3. Cuff pressure readily regulated. 


five sizes, have Murphy eye and are sterile 
packaged in convenient peel packages with 
appropriate connector. 


DUPACO 


INCORPORATED 


P.O. Box 98, San Marcos, CA 92069 


OS 


MONITORS MADE. 
MADE EVEN BETTER. 


For some time now, our 
monitors have been selected 
for use in surgery by more 
medical people than any other 
battery-powered monitors in 
the world. Because we give you 
more of what you want in a 
monitor than any other moni- 
tors in the world. 

However, this didn't stop 
us from improving them. 

Our new Datascope 851 
and 861 will now give you heart 
rate not only from ECG, but also 
from pulse or blood pressure. 

And both monitors will 
give you 2 traces. So you can 
monitor ECG (or EEG) and 
pulse simultaneously. 

And both give you beat by 
beat synchronization!. So a 
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DANGER--POSSIBLE EXPLOSION HAZARD IF USED 
IN THE PRESENCE OF FLAMMABLE ANESTHETICS, ~ 


v 
ө 


SYNC 


single ECG complex shows up 
with each full sweep. 

The 861 does even more. 
It monitors body temperature. 
On a digital read-out. And this 
same digital display will give 
you heart rate when you want 
it; or mean blood pressure 
when you are using the 861 with 
our Pressure Module. 

For all the things our 851 
and 861 do, they're surprisingly 
portable. And they offer longer 
battery-operating time than 
any other monitors. In some 
cases, actually twice as long. 

Will they continue to be 
the most popular monitors 
made? More so. 

For further information 
about our new 851, 861, or our 
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Pressure Module, write Data- 
scope Corp., 580 Winters Ave., 
Paramus, NJ 07652. 
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The 861 with Pressure Module. 


THE DATASCOPE 
851/861 


SUBLIMAZE' (fentanyl) Within 5 minutes I.V., 

has a uniquely short duration SUBLIMAZE “(fentanyl) reaches 
of analgesic action — for more its peak analgesic effect. 

precise control and minimal risk 

of prolonged narcotic effects. 


Within 30 to 60 minutes L.V., 
the analgesic effect of 
$ОВЛМА7Е *(ї{епгапу1) is 
almost completely dissipated. * 


* Respiratory depressant effects may last longer than the analgesia and are increased and prolonged with larger 
doses, multiple doses or use of postoperative narcotic analgesics. 





For potent | 
narcotic analgesic 
action with rapid onset 


and short duration: 


SUBLIMAZE fentanyl provides profound 
analgesia without hypnosis and with little or 
no sedation. With this analgesia as a 
foundation, it is possible to use light general 
anesthesia in most cases. 

SUBLIMAZE fentanyl is particularly suited 
for maintenance of analgesia after INNOVAR" 
injection* has been used for induction. It may 
also be used preoperatively, during surgery 
with any common general or regional 
anesthetic agent, and in the immediate 
postoperative period whenever the need for 
potent analgesic action arises. 

SUBLIMAZE fentanyl is available both 
alone and as a component of INNOVAR 
injection? 


TNNOVAR injection is composed of a 50:1 mixture of 
droperidol 2.5 mg./cc. and fentanyl 0.05 mg ./cc., with 
lactic acid for adjustment of pH to 3.5 = 0.3. 


INNOVAR" injection and 

SUBLIMAZE* (fentanyl) injection are available 
for use only upon direction of a physician. 

For information relating to Contraindications, 
Warnings, Precautions and Adverse Reactions for 
SUBLIMAZE fentanyl, please turn page. 


© MeNeil Laboratories, Inc.. 1974 


SUBLIMAZE ' (fentanyl) offers: 

[1 Almost immediate analgesia — peak effect 
within 5 minutes LV., 8 minutes L.M. 

О Short duration of analgesic action — 30 to 
60 minutes with a single І.У. dose of up to 

0.1 mg. (Respiratory depressant effects may las 
longer than the analgesia and are increased an 
prolonged with larger doses, multiple doses or 
use of postoperative narcotic analgesics.) 

CI No evidence of liver, heart, or kidney tox- 
icity —expecially valuable in poor-risk patients 
However, the drug should be administered 
cautiously in the presence of liver or kidney 
dysfunction or cardiac arrhythmias, and the 
dose should be appropriately reduced in poor- 
risk patients. 

C Immediate reversibility by narcotic 
antagonists. 

CJ Little or no histamine release — decreasing 
the risk of cardiovascular instability. 

О Minimal emetic effect —has been used 
successfully to prepare nonfasting patients 

tor awake intubation. 


[| Prevention or reversal of emergence 
delirium and tachypnea. 


SUBLIMAZE € 


(fentanyl) injection 
0.05 mg./cc. as the citrate. 

Warning: May be habit forming. 

Sodium hydroxide for adjustment of pH to 4.0—7.5 


SUBLIMAZE € 


fentanyl) injection 


Description 

Each cc. contains: 
Fentanyl as the citrate. ... 
Warning —May be habit forming. 
Sodium hydroxide for adjustment of pH to 4.0-7.5 


FOR INTRAVENOUS OR INTRAMUSCULAR USE ONLY. 
Actions SUBLIMAZE fentanyl is a narcotic analgesic with ac- 
tions qualitatively similar to those of morphine and meperidine. 
SUBLIMAZE fentanylin a dose of O.1 mg. (20 cc.) is approximately 
equivalent in analgesic activity to 10 mg. of morphine or 75 ma. of 
meperidine. The principal actions of therapeutic value are апа!де- 
sia and sedation. Alterations in respiratory rate and alveolar 
ventilation, associated with narcotic analgesics, may last longer 
than the analgesic effect. As the dose of narcotic is increased, the 
decrease in pulmonary exchange becomes greater. Large doses 
may produce apnea. SUBLIMAZE fentanyl appears to have jess 
emetic activity than other narcotic analgesics. Histamine assays 
and skin wheal testing in man. as well as in vivo testing in dogs, 
puce that histamine release rarely occurs with SUBLIMAZE 

entanyl. 

SUBLIMAZE fentanyl may cause muscle rigidity, particufarly 
involving the muscles of respiration. It may also produce other 
signs and symptoms characteristic of narcotic analgesics inciud- 
ing euphoria, miosis, bradycardia. and bronchoconstriction 

The onset of action of SUBLIMAZE fentanyl is almost imme- 
diate when the drug is given intravenously; however. maximal 
analgesic and respiratory depressant effect may not be noted for 
several minutes. The average duration of action of the analgesic 
effect is 30 to 60 minutes. Following intramuscular administration. 
the onset of action is from seven to eight minutes. and the duration 
of action is from one to two hours. 

Although the duration of the respiratory depressant effect is 
unknown, as with other narcotic analgesics it may be considerably 
longer than the analgesic effect. 

Indications SUBLIMAZE fentanyl is indicated: 

—for analgesic action of short duration during the anesthetic 
periods, premedication. induction, and maintenance. and in the 
immediate postoperative períod (recovery room) as the need 
arises. 

—for use as a narcotic analgesic supplementin general or regional 
anesthesia. 

—for administration with a neuroleptic such as INAPSINE* (dro- 
peridol) injection as an anesthetic premedication.for the induction 
of anesthesia and as an adjunct in the maintenance of general and 
regional anesthesia. 

Contraindications SUBLIMAZE fentanyl! is contraindicated in 
patients who are hypersensitive to the drug 

Warnings PATIENTS WHO HAVE RECEIVED SUBLIMAZE 
FENTANYL SHOULD HAVE APPROPRIATE SURVEILLANCE. 

RESUSCITATIVE EQUIPMENT AND А NARCOTIC 
port amas SHOULD BE READILY AVAILABLE TO MANAGE 
APNEA. 

lf SUBLIMAZE fentanyl is administered with a tranquilizer 
Such as INAPSINE droperidol, the user should familiarize himself 
with the special properties of each drug, particularly the widely 
differing durations of action. In addition, when such a combination 
is used fluids and other countermeasures to manage hypotens:on 
should be available. 

As with other potent narcotics, the respiratory depressant 
effect of SUBLIMAZE ftentanyl persists longer than the measured 
analgesic effect. The total dose of all narcotic analgesics adminis- 
tered should be considered by the practitioner before ordering 
narcotic analgesics during recovery from anesthesia. It is recom- 
mended that narcotics, when required, should be used in reduced 
doses initially, as low as 1/4 to 1/3 those usually recommended. A 
neuromuscular blocking agent compatible with the patient's con- 
dition may be required to control muscle rigidity which may 
develop with the use of SUBLIMAZE fentanyt. 

Drug Dependence: SUBLIMAZE fentanyl can produce drug de- 
pendence of the morphine type and therefore has the potential for 
being abused. 

Severe and unpredictable potentiation by MAO inhibitors has 
been reported with narcotic analgesics. Since the safety of fen- 
tanyl in this regard has not been established, the use of 
SUBLIMAZE fentanyl in patients who have received MAO inhibi- 
tors within 14 days is not recommended. 

Head Injuries and Increased Intracranial Pressure: SUBLIMAZE 
fentanyl should be used with caution in patients who may be 
particularly susceptible to respiratory depression, such as coma- 
tose patients who may have a head injury or brain tumor. In 
addition, SUBLIMAZE fentanyl may obscure the clinical course of 
patients with head injury. 

Usage in Children: The safety of SUBLIMAZE fentanyl in children 
younger than two years of age has not been established. 


Usage in Pregnancy: The safe use of SUBLIMAZE fentany! has not 
been established with respect to possible adverse effects upon 
fetal development. Therefore, it should be used in women of 
childbearing potential only when, in the judgment of the physician, 
the potential benefíts outweigh the possible hazards. There are 
insufficient data regarding placental transfer and fetal effects; 
Eie E safety for the infant in obstetrics has not been estab- 
lished. 

Precautions The initial dose of SUBLIMAZE їепіапу! should be 
appropriately reduced in elderly, debilitated and other poor risk 
patients. The effect of the initial dose should be considered in 
determining incremental doses. 


..0.05 mg. 





Certain forms of conduction anesthesia, such as spinal anes- 
thesia and some peridural anesthetics, can alter respiration by 
blocking intercostal nerves. Through other mechanisms (see Ac- 
tions) SUBLIMAZE fentanyl can aiso alter respiration. When 
SUBLIMAZE fentanyl is used to supplement these forms of anes- 
thesia, the anesthetist should be familiar with the physiological 
aiterations involved, and be prepared to manage them in the 
patients selected for these forms of anesthesia. When used with a 
tranquilizer such as INAPSINE droperidol, blood pressure may bel 
altered and hypotension can occur. 3 

Vital signs should be monitored routinely. 

SUBLIMAZE fentanyl should be used with caution in patients 
with chronic obstructive pulmonary disease. patients with de- 
creased respiratory reserve, and others with potentially compro- 
mised respiration. In such patients, narcotics may additionally 
decrease respiratory drive and increase airway resistance. During 
anesthesia, this can be managed by assisted or controlled respira- 
tion. Postoperatively. respiratory depression caused by narcotic 
analgesics can be reversed by narcotic antagonists (levallorphan, 
nalorphine. and naloxone: consult individual prescribing informa- 
tion before using). Should respiration be compromised by muscle 
rigidity, assisted or controlled respiration and possibly a neuro- 
muscular blocking agent will be required. The occurrence of 
muscle rigidity is related to the speed of intravenous injection and 
the incidence can be reduced by slow intravenous injection. 

When a tranquilizer such asINAPSINE droperidol is used with 
SUBLIMAZE fentanyl. pulmonary arterial pressure may be de- 
creased. This fact should be considered by those who conduct 
diagnostic and surgical procedures where interpretation of pul- 
monary arterial pressure measurements might determine final 
management of the patient. 

Other CNS depressant drugs (e.g. barbiturates. tranquilizers, 
narcotics, and general anesthetics) will have additive or potentiat- 
ing effects with SUBLIMAZE fentanyl. When patients have re- 
ceived such drugs, the dose of SUBLIMAZE fentanyl required wil! | 
be less than usual. Likewise. following administration ^ 
SUBLIMAZE fentanyi the dose of other CNS depressant drugs" 
should be reduced 

SUBLIMAZE fentanyl should be administered with caution to 
patients with liver and kidney dysfunction because of the impor- 
tance of these organs in the metabolism and excretion of drugs. 

SUBLIMAZE fentanyl may produce bradycardia, which may 
be treated with atropine; however, SUBLIMAZE fentany! should 
be used with caution in patients with cardiac bradyarrhythmias. 

When SUBLIMAZE fentanyl is used with a tranquilizer such as 
INAPSINE droperidol, hypotension can occur. If this occurs the 
possibility of hypovolemia should also be considered and man- 
aged with appropriate parenteral fluid therapy. Repositioning the 
patient to improve venous return to the heart should be con- 
sidered when operative conditions permit. Care should be exer- 
cised in moving and positioning of patients because of the 
possibility of orthostatic hypotension. If volume expansion with 
fluids plusother countermeasures do not correct hypotension, the 
administration of pressor agentsother than epinephrine should be 
considered. Because of the alpha-adrenergic blocking action of 
INAPSINE droperidol. epinephrine may paradoxically decrease 
the blood pressure in patients treated with INAPSINE droperidol. 
Adverse Reactions As with other narcotic analgesics, the most 
common serious adverse reactions reported to occur with 
SUBLIMAZE fentanyl are respiratory depression. apnea, muscu- 
lar rigidity, and bradycardia; if these remain untreated, respiratory 
arrest, circulatory depression or cardiac arrest could occur. 

Other adverse reactions that have been reported are hypo- 
tension, dizziness, blurred vision, nausea. emesis, laryngospasm, 
and diaphoresis 

When a tranquilizer such asINAPSINE droperidol is used with 
SUBLIMAZE fentanyl, the following adverse reactions can occur. a 
chills and/or shivering, restlessness, and postoperative hallucina.- 
tory episodes (sometimes associated with transient periods of 
mental depression); extrapyramidal symptoms (dystonia, akathi- 
sia, and oculogyric crisis) have been observed üp to 24 hours 
postoperatively. When they occur, extrapyramidal symptoms can 
usually be controlled with antiparkinson agents. Postoperative 
drowsiness is also frequently reported following the use of 
INAPSINE droperidol. 

Overdosage Manifestations: The manifestations of SUBLIMAZE 
fentanyl overdosage are an extension of its pharmacologic actions 
Treatment: In the presence of hypoventilation or apnea, oxygen 
should be administered and respiration should be assisted or 
controlled as indicated. A patent airway must be maintained: an 
oropharyngeal airway or endotracheal tube might be indicated. If 
depressed respiration is associated with muscular rigidity, an 
intravenous neuromuscular blocking agent might be required to 
facilitate assisted or controlled respiration. The patient should be 
carefully observed for 24 hours; body warmth and adequate fluid 
intake should be maintained. If hypotension occurs and is severe 
or persists, the possibility of hypovolemia should be considered 
and managed with appropriate parenteral fluid therapy. A specific 
narcotic antagonist such as nalorphine, levallorphan, or naloxone 
should be available for use as indicated to manage respiratory 
depression. This does not preciude the use of more immediate 
countermeasures. Consult the package insert for the individual 
narcotic antagonists for details about use. 

How Supplied SUBLIMAZE® (fentanyl) injection is supplied in 2 
cc. (NDC 0045-0180-03) and 5 cc. (NDC 0045-0180-05) ampuis, in 
packages of 12. 

IMPORTANT: Complete dosage information is available in insert 
which accompanies each package (or on request). The drug is avait 
able only upon direction of a physician. 

U.S. Patent No. 3.164.600 9/74 


McNeil Laboratories, Inc. 
Fort Washington, Pa. 19034 


VoLuME 55, No. 6, NovEMBER-DECEMBER. 1976 
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. What's even easier than 
' Pressurveil” for continuous 


blood pressure monitoring? 
The Pressurveil Kit. 


, 
Cat. No. 6700 PRESSURVEIL $50 box of 10 
Cat. No. 6710 Venous Pressure Gauge 
(0-50 em Н20) $65 each 
Cat. No. 6715 Mean Arterial Gauge 
(20-300 mm Hg) $45 each 
Cat. No. 6720 Dual Reading Gauge for 
CYP РАР PWP 
(0-45 mm Hg or 
0-60 cm H20) $69 each 
Cat. No. 8725 PRESSURVEIL Kit $75 box of 10 
We put ideas to work. 
x 12707 U.S. Highway 19 South 


Clearwater, Florida 33516 


concept 





We put an idea to work. 


To make your job even 

easier, we've packaged 
PRESSURVEIL in a 
convenient, three-piece 
disposable kit. Included is the 
PRESSURVEIL unit, a syringe 
and a connecting tube with 
stopcock. It's all in one place. 
Sterile. Ready-to-use. Just 
follow the simple instructions. 
In seconds, you can select the 
proper gauge and begin 
monitoring blood pressure 
continuously, with confidence 
— whether it's central venous, 
mean arterial, pulmonary 





mean or pulmonary wedge 
pressure. And, since 
PRESSURVEIL is portable, 
you can monitor patients 
regardless of where they are, 
or where they're going. 
PRESSURVEIL minimizes 
danger of alignment shift and 
eliminates electric shock 
hazard. You probably know 
that with PRESSURVEIL, 
reliable, continuous blood 
pressure surveillance is easy. 
Now, the PRESSURVEIL KIT 


makes it even easier. 
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When you 


need to know 
|DinaMaP. for non-invasive, routine 


monitoring of arterial pressure? 








Using: An ordinary pressure cuff with no 
transducer. Easily attached to any limb: 
Provides: Automatic determination and digital 
display of mean arterial pressure. 

Write or call for your demonstration. 


Applied Medical Research 
6 Columbia Drive 





/, Tampa, Fla. 33606 
(813) 251-8390 
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#Audible pulse monitor optional. 
» "Including patient preferred ankle 


Monitors 
Muscle 
Relaxants 
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PERIPHERAL PROFESSIONAL 


NERVE INSTRUMEN 
STIMULATOR js 


NS-2 MART Tee 
The PI Peripheral Nerve 
Stimulator monitors ef- 
fects of skeletal muscle 
relaxants on the neu- 
romuscular junction, 
detects abnormal re- 


and non-depolarizing 
blockade. 


6 x 
н n sponse to muscle relax- 
i Б ants and distinguishes 
- B + 
Lisec]  srawpay [там between depolarizing 
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Model NS-2 

The NS-2 is now in use in many hospitals throughout the U. S. and abroad. It is 

designed primarily for use during surgery and delivers stimuli automatically at 
5-second intervals. One or fifty pulses-per-second may be selected by momentary 
push-button switches. Output is a monophasic square wave pulse. Amplitude of the 
pulse is linearly adjustable. A flashing red light indicates low battery voltage. The 
NS-2 is solid state, rugged, battery powered, portable and lightweight. 


Model NS-3 

The NS-3 represents the latest in solid state technology. Use of integrated circuits has 
made it possible to build a very compact and versatile stimulator. Its miniature size 
makes the NS-3 more convenient for preoperative and postoperative testing. It 
delivers stimili at one second intervals when the rocker switch is depressed to the 
TWITCH position. A fifty-pulses-per-second rate may be selected by depressing the 
rocker switch to the momentary TETANUS position. Output is a monophasic square 
wave pulse. Amplitude of the pulse is linearly adjustable. The NS-3 also has a 
low-battery-voltage indicator. 





‚ You Can Proceed with PAVULON | 


pancuronium bromide 





Proceed with PAVULON 


pancuronium Бот 








No matter where 
the surgeon's 
incision 


—whatever the part of the body, or the 
age of the patient, or the cause of sur- 
gery, or the system or systems involved 
—there' a good chance that Pavulon 
can provide easy, uncomplicated, opti- 
mal, neuromuscular blockade. 


Initial doses of Pavulon, given to facili- 
tate endotracheal intubation, take 
effect in approximately 45 seconds and 
reach their peak at about 2-3 minutes. 
Once effective blockade is established, 
it can be maintained with incremental 
doses of 1 mg or less. 


Pavulon is well tolerated, even in the 
very old, the very young and the very 
fragile. Histamine release rarely, if ever, 
occurs; there is little, if any, ganglionic 
blockade and little effect upon the cir- 
culatory system other than an occa- 
sional slight rise in pulse rate and blood 
pressure. There is no muscle pain, no 
known effects on consciousness, pain 
threshold or cerebration. 


With proper procedure, reversal of 
Pavulon is relatively simple and 
generally uneventful. An appropriate 
antagonist, such as pyridostigmine 
bromide, can be used. With adequate 
dosage of the reversal agent, there is 
relatively little risk of recurarization. In 
cases of prolonged respiratory depres- 
sion, other factors (drug interaction, 
acidosis, hypokalemia, etc.) should be 
considered. 


KEY: 1. Polypectomy 2. Appendectomy 3. Spinal 
fusion 4. Nephrolithotomy 5. Open heart surgery 
6. Cesarean section 7. Craniotomy 8. Aortic-femoral 
graft 9. Cataract removal 10. Diverticulectomy 
(Meckel's) 


Please see last page of advertisement 
for complete prescribing information. 


Proceed with PAVULON 


pancuronium bromide 


clinically proven nondepolarizing muscle relaxant 





THIS DRUG SHOULD ONLY BE ADMINISTERED BY 
ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH 
ITS ACTIONS, CHARACTERISTICS, AND HAZARDS. 





DESCRIPTION: Pavulon (pancuronium bromide) is the aminosteroid 2 
beta, 16 beta-dipiperidine-5 alpha-androstane-3 alpha, 17-beta-diol dia- 
cetate dimethobromide. It has the following structural formula 





ACTIONS: Pavulon is a non-depolarizing neuromuscular blocking agent 
possessing all of the characteristic pharmacological actions of this class 
of drugs (curariform) on the myoneural junction 

Pavulon is approximately 5 times as potent as d-tubocurarine 
chloride. 

The onset and duration of action of Pavulon is dose dependent. With the 
administration of 0.04 mg. per kg. the onset of action. as measured by a 
peripheral nerve stimulator, is usually within 45 seconds, and its peak 
effect is usually within 47 minutes; recovery to 90% of control twitch 
height usually takes place in less than one hour. Larger doses, more 
suitable for endotracheal intubation, such as 0.08 mg. per kg. of Pavulon 
have an onset of action of about 30 seconds, and a peak effect within 3 
minutes. Supplemental incremental doses of Pavulon. following the initial 
dose. slightly increase the magnitude of blockade. and significantly 
increase the duration of the blockade 

Pavulonhas little effect upon the circulatory system. The most frequently 
reported observation is a slight rise in pulse rate. 

Human histamine assays, and clinical observations. as well as in vivo 
Quinea pig testing, and in vitro mast cell testing, indicate that histamine 
release rarely, if ever, occurs. 

Pavulon (pancuronium bromide) is antagonized by acetylcholine, anti- 
cholinesterases, and potassium ion. Its action is increased by inhalational 
anesthetics such as halothane, diethyl ether, enflurane and methoxy- 
flurane, as well as quinine, magnesium salts, hypokalemia, some carcin- 
omas, and certain antibiotics such as neomycin, streptomycin, clindamycin, 
kanamycin, gentamicin and bacitracin. The action of Pavulon may be altered 
by dehydration, electrolyte imbalance, acid-base imbalance, renal disease, 
and concomitant administration of other neuromuscular agents 

Pavulon has no known effect on consciousness, the pain threshold, or 

cerebration 
INDICATIONS: Pavulon is indicated as an adjunct to anesthesia to induce 
skeletal muscle relaxation. It may also be employed to facilitate the 
management of patients undergoing mechanical ventilation 
CONTRAINDICATIONS: Pavulon is contraindicated in patients known to 
be hypersensitive to the drug or to the bromide ion. 
WARNINGS: PAVULON SHOULD BE ADMINISTERED IN CAREFULLY 
ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF EXPERI- 
ENCED CLINICIANS, WHO ARE FAMILIAR WITH ITS ACTIONS AND THE 
POSSIBLE COMPLICATIONS THAT MIGHT OCCUR FOLLOWING ITS 
USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES 
FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION 

In patients who are known to have myasthenia gravis small doses of 
Pavulon may have profound effects. A peripheral nerve stimulator is 
especially valuable in assessing the effects of Pavulon in such patients 
USAGE IN PREGNANCY: The safe use of pancuronium bromide has not 
been established with respect to the possible adverse effects upon fetal 
development. Therefore, it should not be used in women of childbearing 
potential and particularly during early pregnancy unless in the judgment of 
the physician the potential benefits outweigh the unknown hazards. 

Pavulon may be used in operative obstetrics (Cesarean section), but 
reversal of pancuronium may be unsatisfactory in patients receiving mag- 
nesium sulfate for toxemia of pregnancy, because magnesium salts enhance 
neuromuscular blockade. Dosage should usually be reduced, as indicated, 
in such cases. 

PRECAUTIONS: Although Pavulon has been used successfully in many 
patients with pre-existing pulmonary, hepatic, or renal disease, caution 
Should be exercised in these situations. This is particularly true of renal 
disease since a major portion of administered Pavulon is excreted 
unchanged in the urine. 

ADVERSE REACTIONS: Neuromuscular: the most frequently noted 
adverse reactions consist primarily of an extension of the drug's pharma- 
cological actions beyond the time period needed for surgery and anesthe- 






sia. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle relaxation resulting in respiratory insufficiency 
or apnea. Inadequate reversal of the neuromuscular blockade by anticho- 
linesterase agents has also been observed with Pavulon (pancuronium 
bromide) as with all curariform drugs. These adverse reactions are managed 
by manual or mechanical ventilation until recovery is judged adequate. 

Cardiovascular: A slight increase in pulse rate is frequently noted 

Gastrointestinal: Salivation is sometimes noted during very light 
anesthesia, especially if no anticholinergic premedication is used. 

Skin: An occasional transient rash is noted accompanying the use of 
Pavulon 

Respiratory: One case of wheezing, responding to deepening of the 

inhalational anesthetic, has been reported. 
DRUG INTERACTION: The intensity of blockade and duration of action of 
Pavulon is increased in patients receiving potent volatile inhalational 
anesthetics such as halothane, diethyl ether. enflurane and methoxy- 
flurane. No increase in intensity of blockade or duration of action of Pavulon 
is noted from the use of thiobarbiturates, narcotic analgesics, nitrous oxide, 
or droperidol 

Prior administration of succinylcholine, such as that used for endo- 

tracheal intubation, enhances the relaxant effect of Pavulon and the 
duration of action. If succinylcholine is used before Pavulon, the adminis- 
tration of Pavulon should be delayed until the succinylcholine shows signs 
of wearing off. 
DOSAGE AND ADMINISTRATION: Pavulon should be administered only by 
or under the supervision of experienced clinicians. DOSAGE MUST BE 
INDIVIDUALIZED IN EACH CASE. The dosage information which follows 
has been derived from dose-response studies based on body weight and is 
intended to serve as a guide only. Since potent inhalational agents or prior 
administration of succinylcholine enhance the intensity of blockade and 
duration of Pavulon (see DRUG INTERACTION), these factors should be 
taken into consideration in selection of initial and incremental dosage. 

In adults the initial intravenous dosage range is 0.04 to 0.1 mg. per kg. 
Later incremental doses starting at 0.01 mg. per kg. may be used. These 
increments slightly increase the magnitude of the blockade, and signifi- 
cantly increase the duration of blockade, because a significant number of 
myoneural junctions are still blocked when there is clinical need for more 
drug. 

If Pavulonisused to provide skeletal muscle relaxation for endotracheal 
intubation, doses of 0.06 to 0.1 mg. per kg. are recommended. Conditions 
satisfactory for intubation are usually present within 2 to 3 minutes. The 
ability of the anesthetist to intubate with Pavulon improves with experience 

Dosage in Children: Dose response studies in children indicate that, with 
the exception of neonates, dosage requirements are the same as for adults. 
Neonates are especially sensitive to non-depolarizing neuromuscular 
blocking agents, such as Pavulon, (pancuronium bromide) during the first 
month of life. It is recommended that a test dose of 0.02 mg. per kg. be given 
first in this group to measure responsiveness 

Cesarean Section: The dosage to provide relaxation for intubation and 
operation is the same as for general surgical procedures. The dosage to 
provide relaxation, following usage of succinylcholine for intubation (see 
DRUG INTERACTION), is the same as for general surgical procedures. 
MANAGEMENT OF PROLONGED NEUROMUSCULAR BLOCKADE: 
Residual neuromuscular blockade beyond the time period needed for 
surgery and anesthesia may occur with Pavulon as with other neuromus- 
cular blockers. This may be manifested by skeletal muscle weakness, 
decreased respiratory reserve, low tidal volume or apnea. A peripheral nerve 
stimulator may be used to assess the degree of residual neuromuscular 
blockade. Under such circumstances the primary treatment is manual or 
mechanical ventilation and maintenance of a patent airway until complete 
recovery of normal respiration is assured. Regonol (pyridostigmine bro- 
mide) or neostigmine, in conjunction with atropine, will usually antagonize 
the skeletal muscle relaxant action of Pavulon. These should be accom- 
panied by or preceded by injection of atropine sulfate to minimize the 
incidence of cholinergic side effects, notably excessive secretions and 
bradycardia. Satisfactory reversal can be judged by adequacy of skeletal 
muscle tone, and by adequacy of respiration. A peripheral nerve stimulator 
may also be used to monitor restoration of twitch height. Failure of prompt 
reversal (within 30 minutes) may occur in the presence of extreme 
debilitation, carcinomatosis, and with concomitant use of certain broad 
spectrum antibiotics, or anesthetic agents and adjuncts which enhance 
neuromuscular blockade or cause respiratory depression of their own. 
Under such circumstances the management is the same as that of 
prolonged neuromuscular blockade; ventilation must be supported by 
artificial means until the patient has resumed control of his respiration 
Priortothe use of reversal agents, reference to the specific package insert 
of the reversal agents should be made. 

CAUTION: Federal law prohibits dispensing without prescription 
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ANTILIRIUM 


(Physostigmine Salicylate) 


REVERSES MOST POST-OPERATIVE 
DELIRIUM AND PROLONGED SOMNOLENCE 


Before prescribing, please consult complete product 
information, a summary of which follows: 


ACTION: ANTILIRIUM (physostigmine salicylate) 
is a salicylic acid derivative of an alkaloid extracted 
from seeds of Physostigma Venenosum (calabar 
bean). The action of the parasympathetic nerves is 
intermediated by the formation of acetylcholine at 
the peripheral end of these nerves. Physostigmine 
inhibits the destructive action of cholinesterase and 
thereby prolongs and exaggerates the effect of the 
acetylcholine. 


Physostigmine contaíns a tertiary amine and easily 
crosses the blood brain barrier, while neostigmine 
contains a quaternary amine and is not capable of 
crossing the structure. This may explain why neo- 
stigmine does not cause reversal of anticholinergic- 
induced delirium while physostigmine does. 


INDICATIONS: TO REVERSE THE TOXIC EF- 
FECTS UPON THE CENTRAL NERVOUS SYS- 
TEM CAUSED BY DRUGS IN CLINICAL OR 
TOXIC DOSAGES CAPABLE OF PRODUCING 
ANTICHOLINERGIC POISONING. 
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Dramatic reversal within minutes of coma, hallucina- 
tions, and other signs can be expected if the diagnosis 
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or other insult. Therapeutic doses may be necessary 
at intervals as life-threatening signs recur. Physostig- 
mine is destroyed in the body in 60 to 120 minutes. 


CONTRAINDICATIONS:Physostigmine should not 
be used in the presence of asthma, gangrene. dia- 
betes, cardiovascular disease, mechanical obstruc- 
tion of the intestines or urogenital tract or any 
vagotonic state, and in patients receiving choline 
esters or depolarizing neuromuscular blocking 
agents. 


WARNING: If excessive symptoms of salivation, 
emesis, urination and defecation occur, the use of 
ANTILIRIUM should be terminated. If excessive 
sweating or nausea occur, the dosage should be 
reduced. 


intravenous administration should be at a slow, con- 
trolled rate, no more than 1 mg. per minute (see 
dosage) Rapid administration can cause brady- 
cardia, hypersalivation leading to respiratory diffi- 
culties and possibly convulsions. 

An overdosage of ANTILIRIUM can cause a cholin- 
ergic crisis. 


PRECAUTIONS: Because of the possibility of hy- 
persensitivity in an occasional patient, atropine sul- 
fate injection should always be at hand since it is an 
antagonist and antidote for physostigmine. 


ADMINISTRATION AND DOSAGE: The usual 
adult dose of ANTILIRIUM is O.5 to 2.0 mg. intra- 
muscularly or intravenously. Intravenous adminis- 
tration should be at a slow, controlled rate of no 
more than 1 mg. per minute. It may be necessary to 
repeat dosages of 1 mg. to 4 mg. at intervals as life 
threatening signs such as arrhythmias, convulsions 
and deep coma recur. 
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SUPPLIED: 2 mi. ampules containing: 
PHYSOSTIGMINE SALICYLATE 1 mg. per ml. 
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out prescription. 
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Arterial and Venous Plasma Levels of Bupivacaine 
Following Peripheral Nerve Blocks 


DANIEL C. MOORE, MD* 
LAURENCE E. MATHER, PhD} 
L. DONALD BRIDENBAUGH, MD¢ 
ROBERT |. BALFOUR, МО$ 
DONALD F. LYSONS, MD| 
WILLIAM С. HORTON, MD** 


Seattle, Washingtontt 


Mean arterial plasma (MAP) and peripheral 
mean venous plasma (MVP) levels of bupiva- 
caine were ascertained in 3 groups of 10 pa- 
tients each for: (1) intercostal nerve block, 400 
mg; (2) block of the sciatic, femoral, and later- 
al femoral cutaneous nerves, with or without 
block of the obturator nerve, 400 mg; and (3) 
supraclavicular brachial plexus block, 300 mg. 


В" like all local anesthetic 
agents, is used in varying concentra- 
tions and volumes, depending on the periph- 
eral nerve-block technic to be employed and 
on the type of procedure for which it is 
being performed— surgery, obstetrics, diag- 
nosis, or therapy. If there is no need for 
rapid establishment of sensory anesthesia, 
and if complete motor blockade is not re- 
quired or desired, as for diagnostic or thera- 
peutic peripheral nerve block, 0.25 percent 
bupivacaine can be employed.!? However, 
to assure rapid onset of sensory anesthesia 
and complete motor blockade for surgical 
procedures after peripheral nerve block, 0.5 
percent bupivacaine is required.!: 


*Senior Consultant. 


MAP levels were consistently higher than si- 
multaneously sampled MVP levels, the highest 
levels occurring from bilateral intercostal 
nerve block. No evidence of systemic toxicity 
was observed. The results suggest that bupiva- 
caine has a much wider margin of safety in 
humans than is now stated. 


The purpose of this paper is to report 
plasma levels of bupivacaine following the 
use of concentrations, volumes, and milli- 
gram doses adequate for all peripheral 
nerve-block technics. 


METHOD OF STUDY 


Blocks Studied and Selection of Patients. 
—Mean arterial plasma (MAP) and mean 
venous plasma ( MVP) levels of bupivacaine 
were ascertained following: (1) supraclavic- 
ular brachial plexus block, in 10 patients; 
(2) bilateral intercostal nerve block, in 10 
patients; and (3) sciatic, femoral, and later- 
al femoral cutaneous nerve blocks, with or 


+Department of Anesthesiology, University of Washington School of Medicine, Seattle, Washington. 
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without obturator nerve block, in 10 pa- 
tients. Patients were not screened but were 
chosen consecutively, depending on the op- 
erating room schedule and the number of 
patients that could be studied on any spe- 
cific day. Written informed consent, as ap- 
proved by the Human Rights Committee of 
the Virginia Mason Research Center, was 
obtained from every patient for: (1) block 
technic; (2) arterial and venous sampling; 
and (3) bupivacaine dosage. 


Premedication.—Premedication was the 
choice of the resident involved. Patients who 
had supraclavicular brachial plexus blocks, 
as well as those given sciatic, femoral, and 
lateral femoral cutaneous nerve blocks, with 
or without obturator nerve block, received 
no sedation other than the premedication, 
until the surgical procedure began. The 10 
patients given bilateral intercostal nerve 
blocks received 100 to 150 mg of 0.2 percent 
methohexital solution IV before and during 
block administration, in addition to the pre- 
medication, so that they would not remem- 
ber being blocked. Methohexital adminis- 
iration was stopped before completion of 
the block, so patients were able to respond 
to questions within 10 minutes after block 
completion. 


Dosage of Bupivacaine and Block Tech- 
nic-—For supraclavicular brachial plexus 
block, 60 ml of 0.5 percent bupivacaine (300 
mg) with 0.25 mg of epinephrine (1:240,000) 
was injected. For the bilateral block of the 
6th through the 12th intercostal nerves, 80 
ml of 0.5 percent bupivacaine (400 mg) 
with 0.25 mg of epinephrine (1:320,000) was 
administered —5 ml to each of the 14 nerves, 
or a total of 70 ml plus 10 ml for skin wheals 
and infiltration. Because we wanted to com- 
plete the intercostal nerve blocks in less 
than 5 minutes, 2 anesthesiologists worked 
simultaneously (1 оп each side). For sciatic, 
femoral, and lateral femoral cutaneous nerve 
blocks, with or without obturator nerve 
block, 80 ml of 0.5 percent bupivacaine (400 
mg) with 0.25 mg of epinephrine (1:320,000) 
was employed. For sciatic nerve block 30 
ml was used and the remainder equally dis- 
tributed among the other nerves to be 
blocked. Technics were as previously de- 
scribed.? 


Blood Sampling and Plasma Analysis.— 
For arterial sampling, a 20-gauge, 3.8-cm 
Tefion catheter needle was inserted percu- 
taneously into the radial artery. For venous 
sampling, a 16-gauge, 6.4-cm Teflon catheter 
needle was inserted in the largest available 
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vein in the cubital fossa of the same arm. 
IV anesthetics were administered through a 
16-gauge, 6.4-cm Teflon catheter inserted 
in a vein in the opposite hand. 


The blocks were performed in a central 
induction room where the patient remained 
for at least 30 minutes after completion of 
the block. In no case was the surgical pro- 
cedure begun until after the 45-minute sam- 
ple was drawn. Blood samples were drawn 
simultaneously from the artery and vein at 
0 (controD, and then at 5, 10, 15, 20, 25, 
30, 45, 60, and 120 minutes from the start 
of the block by raising of the skin wheal. 
Plasma levels of bupivacaine were deter- 
mined by gas chromatography.* 


Time Determinations.—Elapsed time was 
calculated to the closest minute. All timing, 
including sampling times, was determined 
by stopwatches. 


Analysis cf Data.—All data were ana- 
lyzed by the Conversational Computer Sta- 
tistical System and significance was deter- 
mined by the test of bivariant correlations.^ 


RESULTS 


АП 30 blocks produced satisfactory sur- 
gical anesthesia, indicating that the solu- 
tions of bupivacaine had been placed cor- 
rectly and in adequate volume and concen- 
tration. 


Supraclavicular Brachial Plexus Blocks 
With 60 ml of 0.5 Percent Bupivacaine (300 
mg) Containing Epinephrine 1:240,000.— 
Six of these blocks were completed within 
5 minutes, 2 within 7 minutes, and 2 within 
8 minutes, with a mean time of 5.5 (SD + 
1.8) minutes for the 10 blocks. 


The mean peak arterial and venous plas- 
ma levels in 6 men and 4 women, 20 to 69 
years of age, weighing 53 kg or more, and 
undergoing upper extremity surgery, were 
1.71 (range 1.05 to 2.40) mcg/ml and 1.55 
(range 0.94 to 2.25) mcg/ml, respectively.* 
They occurred 30 to 35 minutes after in- 
jection of the agent (fig 1). 


Bilateral Intercostal Nerve Blocks With 
80 ml cf 0.5 Percent Bupivacaine (400 mg) 
Containing Epinephrine 1:320,000.—Nine of 
these blocks were completed within 5 min- 
utes and 1 in 7 minutes, with a mean time 
of 4.4 (SD + 0.97) minutes. 


Mean peak level is the highest microgram level 
attained in plasma from each of the 10 patients 
in each group. 
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Fic 1. Means and range of arterial and venous 
plasma levels of 60 ml of bupivacaine 0.5 percent 
(300 mg) with 1:240,000 epinephrine following 
supraclavicular block at time intervals of sampling. 
© = mean arterial plasma level; black lines = 
ranges (high and low) of arterial plasma levels; 
Ш = mean venous plasma level; edges of shaded 
area = high and low of venous plasma levels. 


The mean peak arterial and venous plas- 
ma levels in 6 men and 4 women, 20 to 72 
years of age, weighing 49 kg or more, under- 
going upper intraabdominal surgery, were 
3.29 (range 1.72 to 4) mcg/ml and 2.52 
(range 1.4 to 3.45) mcg/ml, respectively. 
'They occurred 10 to 20 minutes after injec- 
tion of the agent (fig 2). 


Sciatic, Femoral, and Lateral Femoral 
Cutaneous Nerve Block With or Without 
Obturator Nerve Block With 80 ml of 0.5 
Percent Bupivacaine (400 mg) Containing 
Epinephrine 1:320,000.—Two of these blocks 
were completed within 7 minutes, 5 within 
8 minutes, 2 within 10 minutes, and 1 within 
14 minutes, with a mean time for the 10 
patients of 8.8 (+ 2.1) minutes. 


'The mean peak arterial and venous plas- 
ma levels in 6 male and 4 female patients, 
14 to 79 years of age, 1 weighing 39 kg and 
the others 60 kg or more, for lower extremity 
surgery, were 1.89 (range 1.0 to 3.16) mcg/ 
ml and 1.6 (range 0.84 to 2.73) mcg/ml, 
respectively. They occurred within 15 min- 
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Fic 2. Means and range of arterial and venous 
plasma levels of 80 ml of bupivacaine 0.5 percent 
(400 mg) with 1:320,000 epinephrine following bi- 
lateral intercostal nerve block at the time intervals 
of sampling. € — mean arterial plasma level; black 
lines — ranges (high and low) of arterial plasma 
levels; i = mean venous plasma level; edges of 
shaded area = high and low of venous plasma levels. 


utes after injection of the agent, these levels 
persisting for up to 60 minutes (fig 3). 


DISCUSSION 


Selection of Blocks Studied and Dosages 
cf Bupivacaine and Epinephrine.—Periph- 
eral nerve blocks were investigated in this 
study because: (1) we frequently employ 
them, particularly in the patient with poor 
physical status—ASA status III, IV, or V; 
(2) they may sometimes require a higher 
volume (60 to 80 ml) of 0.5 percent bupiva- 
caine for rapid establishment of surgical 
sensory anesthesia and for complete motor 
blockade; and (3) if systemic toxic reac- 
tions are to occur from bupivacaine absorp- 
tion in any block technic, this would most 
likely be after such blocks. In addition, 
bilateral intercostal nerve block can usually 
be completed within a 5-minute period; 
when it is done rapidly and properly, the 
plasma levels of local anesthetic agents peak 
sooner and are higher than with any other 
regional nerve block studied to date.7:4 
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Fic 3. Means and range of arterial and venous 
plasma levels of 80 ml of bupivacaine 0.5 percent 
(400 mg) with 1:320,000 epinephrine following 
sciatic, femoral, and lateral femoral cutaneous nerve 
blocks with or without obturator nerve block at time 
intervals of sampling. € = mean arterial plasma 
level; black lines == ranges (high and low) of arterial 
plasma levels; Ш = mean venous plasma level; 
edges of shaded area = high and low of venous 
plasma levels. 


'The volumes and concentrations for these 
blocks were chosen because they are the 
approximate maxima that might be required 
to result in effective sensory and motor 
blockade under any circumstance, clinical or 
teaching. If а volume greater than 80 ml is 
required-—for example, 100 ml for a bilateral 
intercostal nerve block with celiac plexus 
block—the necessary volume may be ob- 
tained by adding 20 ml of normal saline 
solution to the 80 ml of 0.5 percent (400 
mg) of the bupivacaine solution. This would 
lower rather than raise plasma levels of 
bupivacaine because the weaker the concen- 
tration, the lower the plasma level of the 
local anesthetic.5 Furthermore, the slight 
reduction in the concentrations of the bu- 
pivacaine solutions will not noticeably affect 
sensory or motor anesthesia. 


All solutions in this study contained epi- 
nephrine. Epinephrine is added to most 
local anesthetic solutions because it lowers 
the blood level of such agents by slowing 
absorption from the site of injection.?^? We 
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seldom exceed a dose of 0.25 mg of epineph- 
rine regardless of volume of the local anes- 
thetic solution injected.? Therefore, the so- 
lutions used contained epinephrine 1:240,000 
(0.25 mg/60 ml) and 1:320,000 (0.25 mg/ 
80 ml), which are considered less than the 
optimal [1:200,000 (0.1 mg/20 ml) ].5-9-1! 


Arterial and Venous Plasma Levels.— 
Plasma levels were selected rather than 
whole blood because plasma is easier to 
analyze and 95 percent of bupivacaine is 
protein-bound in the plasma.!? 


Arterial levels were compared with pe- 
ripheral venous levels because they more 
closely reflect changes in drug levels in well- 
perfused vital organs and are more sensitive 
to change in drug absorption and disposi- 
tion.!? Venous sampling is more subject to 
variability and artifact due to local circula- 
tory changes in the sampling site, in which 
case the resultant blood concentration pro- 
file may lead to erroneous conclusions.!* 
For these reasons, toxic effects may be more 
reliably associated with arterial rather than 
venous levels.*!: 


Following bilateral intercostal nerve block, 
MAP levels were 20 to 25 percent higher 
than simultaneously sampled venous plasma 
levels. They occurred earlier and the arte- 
riovenous differences persisted for approxi- 
mately 60 minutes after injection (fig 2). 
Such marked differences did not occur in 
the arteriovenous plasma levels of the other 
2 block technics studied, in which plasma 
levels peaked later and were significantly 
lower than those occurring after bilateral 
intercostal nerve block (fig 1 and 3). In 
part, this is due to: (1) the lower dose used 
in brachial plexus block; (2) the longer 
time needed to execute brachial plexus and 
Sciatic, femoral, and lateral femoral cutane- 
ous nerve blocks; and (3) circulatory differ- 
ences of the areas. 


Systemic Toxicity.—Plasma levels of bu- 
pivacaine resulting in convulsions in man 
have been reported as 4 mcg/ml or higher.!? 
In only 1 of our 30 patients did the arterial 
plasma level peak at 4 mcg/ml in 15 min- 
utes following a bilateral intercostal nerve 
block. No systemic toxic reactions were ob- 
served in any of the 30 patients. We did not 
expect any such reactions; from 1966 through 
1975, we administered 0.25 or 0.5 percent 
bupivacaine for 3137 peripheral nerve blocks, 
with and without epinephrine, with no evi- 
dence of systemic toxicity. Of these, 2520 





*Tucker GT, Mather LE: Personal communication. 
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TABLE 


Bupivacaine (mg) Used for Single-Dose 
Blocks Reported Herein 

















1966-1975 
pec Number of patients — — SR 
"e ышы ты е M ru 
150 orless 238 | 14 345 657 
151-200 57 78 261 396 
201-250 95 218 318 631 
251-300 109 63 438 610 
301-350 5 44 24 73 
351-400 9 15 72 96 
401-450 5 7 36 48 
451-600 2 7 9 
518 501 1501 "2520 — 
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were the same blocks investigated in this 
study (table). 


Such factors as age, weight, and under- 
lying disease have been said to influence 
the development of systemic toxic reac- 
tions.?.".1? The degree of importance of these 
factors in adults, if any, needs verification. 
No correlations between these factors and 
maximum plasma levels were found in our 
previous study of bupivacaine or of mepiva- 
caine, whose chemical structure closely re- 
sembles that of bupivacaine (bupivacaine 
contains a butyl radical where mepivacaine 
contains a methyl radical*.!5). Likewise, in 
the small patient population reported here- 
in, the bivariant correlations between pre- 
dictor variables (sex, age, height, weight, 
and physical status) and each of the vari- 
ous plasma-level criteria were of no signifi- 
cance. 


In the sciatic, femoral, and lateral femoral 
cutaneous nerve block group of 10 patients, 
the 79-year-old woman weighed 39 kg, was 
157 cm tall, with a physical status of ASA 
П. Her block took 7 minutes to execute, 
and peak arterial and venous levels were 
2.38 mcg/ml and 1.80 mcg/ml, respectively, 
in 15 minutes. These levels were not the 
highest in the ranges and may further indi- 
cate that age and weight are of little sig- 
nificance in determining dosage. 


The principal factor in determining non- 
toxic dosage in adults is probably the spe- 
cific regional block technic, considering (1) 
the area of the body injected: (2) its vas- 
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cularity; and (3) the possibility of an in- 
travascular injection from a needle whose 
position is not changed during injection 
of a large dose of the local anesthetic agent, 
as in epidural (peridural) block. In our 
peripheral nerve blocks, it is unlikely that 
a large bolus would be injected intravascu- 
larly, for the position of the needle is seldom 
fixed in a single position during the entire 
block procedure.? 


Although premedication may mask, amel- 
iorate, or prevent systemic toxic reaction, 
it is doubtful that this occurred in our 30 
patients. Nineteen received meperidine (50 
to 125 mg), while 11 received morphine (8 
to 15 mg). Eight patients received no other 
premedication. The remaining patients re- 
ceived along with the IM narcotic: (1) 
atropine 0.4 mg (n = 15); (2) scopolamine 
0.4 mg (n = 2); (3) diazepam 10 mg (n = 
4); or (4) atropine 0.4 mg with hydroxyzine 
75 mg (n = 1).* Perhaps the methohexital 
administered during bilateral intercostal 
nerve block could have prevented recogni- 
tion of a systemic toxic reaction, but this is 
doubtful because the dose was minimal. 


Shivering.—Shivering has been cited as 
possible evidence of a mild systemic toxic 
reaction after bupivacaine administra- 
tion.! 7.15 Therefore, this sign was carefully 
observed, both in the induction room, where 
all blocks were performed and the tempera- 
tures were 23.3? C or above, and in the oper- 
ating rooms, where the temperatures were 
21.1* C or less. In the induction room, 
where the patient remained for at least 30 
minutes after block completion, none of the 
patients shivered. In the operating rooms, 
shivering occurred in 3 of the 10 patients 
given bilateral intercostal nerve blocks, but 
in none of the patients in whom the extrem- 
ity was blocked. In a previous study of par- 
turients, shivering was higher with 0.25 per- 
cent than with 0.5 percent solutions of bu- 
pivacaine.!5 In both instances, shivering oc- 
curred when temperatures in the rooms were 
between 18.3 and 21.1? C. Shivering may 
result from a number of variables such as 
room temperature or degree of block of the 
sympathetic nervous system, the least in- 
fluential of which may be the local anes- 
thetic agent. 


Systemic Toxicity and Package Inserts.— 
In countries other than the USA, the dosage 
of 0.25 and 0.5 percent concentrations of bu- 
pivacaine is 2 mg/kg, with the maximum of 
100 mg without epinephrine and 150 mg 





*n — number of patients. 
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with epinephrine 1:200,000.* In the USA, 
maximum doses of such concentrations have 
not been determined, and the package in- 
sert states: (a) “Most experience to date 
is with single doses of Marcaine up to 225 
mg with epinephrine 1:200,000, and 175 mg 
without epinephrine; more or less drug may 
be used depending on the individualization 
of each case;" and (b) "In clinical studies 
to date, total daily doses have been up to 
400 mg. Until further experience is gained, 
this dose should not be exceeded in 24 
hours." However, some physicians misin- 
terpret point (a) to mean that these doses 
stated represent maximum total dosage. 


From our clinical experiences with bupiva- 
caine and peripheral nerve block from 1966 
through March 1975, involving 3137 pa- 
tients, of whom 1863 received in excess of 
150 mg and at least 836 in excess of 225 mg 
(table), as well as from the plasma studies 
reported herein, such restrictions appear un- 
necessarily stringent and in need of revi- 
sion because bupivacaine apparently has a 
much greater margin of safety in humans 
than the package insert indicates, and dos- 
ages as stated in the inserts of other coun- 
tries markedly limit the use of this versatile, 
long-acting local anesthetic agent in single- 
dose peripheral nerve blocks. 


A Word of Caution.—Readers are cau- 
tioned that the 0.75 percent solution of bu- 
pivacaine available in the USA was devel- 
oped for use in single-dose epidural or cau- 
dal block only-—not for peripheral nerve- 
block technics.? If this concentration is 
used for peripheral nerve block in the dos- 
ages described above, systemic toxic reac- 
tions might occur, because the higher the 
concentration of a local anesthetic in the 
same milligram dose, the higher the blood 
level of the agent.§ 
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Advantages of Infant Ventilators Over Adapted 
Adult Ventilators in Pediatrics 
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А lung simulator with variable compliance and 
resistance components was used to evaluate the 
dynamic compliance of the Bournes, Babybird, 
and Pediatric Emerson postoperative ventila- 
tors. With increase in airway pressure from 
combined changes in compliance and resistance, 
the internal compliance of the Bournes was 
lowest and the internal compliance of the 
Emerson was highest. With low constant air- 
way resistance (50 cm/L/sec), the Babybird 


HEN mechanical ventilators are used 

for infants and small children, signifi- 
cant volumes of gas may be lost to the pa- 
tient as airway pressure increases as a result 
of (1) compression of gas in the internal 
volume of the ventilator and (2) distention 
of the flexible tubing that connects ventila- 
tor and patient. As airway pressure rises 
from either a decrease in lung compliance 
or an increase in airway resistance, there 
wil be a decrease in delivered volume. 
These volume losses may have significant 
effects on the minute volume and hence gas 
exchange in infants.! 


We compared the volume losses from in- 
creased airway pressure in an adult ventila- 
tor adapted for pediatric use and in 2 ven- 
tilators specificially designed for infants. In 


* Assistant Professor of Anesthesiology. 
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exhibited tidal volume losses similar to those 
of the Bournes in the face of decreased lung 
compliance. With constant lung compliance 
(10 ml/cm Н.О) and increasing airway resist- 
ance, the Babybird had marked volume losses 
at higher volumes. Under all simulated condi- 
tions, internal compliance of the Emerson, al- 
though large, was relatively constant and the 
Bournes had the smallest internal compliance. 


addition, we evaluated the difference be- 
tween volume losses when the increase in 
airway pressure was first produced by a 
decrease in compliance and second by an 
increase in airway resistance. 


MATERIAL AND METHODS 


Three infant ventilators were compared: 
the Emerson postoperative with pediatric 
piston and modified for IMV, a Babybird, 
and a Bournes. These were selected at ran- 
dom from those used daily in the intensive 
care unit, and each was studied with a full 
humidifier in place.? All were equipped with 
Tygon patient tubing. 


Ventilator function was tested with a 
Bournes Infant Lung Simulator, which con- 
sists of several 150-ml containers of known 
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compliance, connected in series by nondis- 
tensible Tygon tubing. The containers are 
filled with finely divided copper wool to 
ensure that compression of gas within them 
is isothermal and not adiabatic. Compli- 
ance can be varied from 10 to 1 ml/cm Н.О. 
'The simulator also allows changes in airway 
resistance from 50 to 500 cm H,O/L/sec by 
interchanging small metal filters proximal 
to the compliance component. In all studies, 
a 3.5-mm OD endotracheal tube was inter- 
posed between the ventilator and the lung 
simulator. Air was used as the gas in all 
studies. 


Peak airway pressure and lung pressure 
were measured with aneroid manometers 
connected to the simulator. These pressures 
were secondarily displayed on an oscillo- 
scope that could be marked for calibration. 
By knowing the compliance and lung pres- 
sure, the simulator could be used as a “pneu- 
matic integrator," the delivered lung volume 
being the product of compliance (ml/cm 
H,O) and lung pressure (cm Н.О). 


То test the accuracy of this pneumatic 
integrator, a 3.5-mm OD endotracheal tube 
was connected to a Fleisch #0 pneumotacho- 
graph. The pressure drop across the resist- 
ance of the pneumotachograph was meas- 
ured by a differential pressure transducer, 
amplified, integrated, and gas flow and vol- 
ume recorded on a Grass polychannel re- 
corder. A Hamilton syringe and an oiled 
glass syringe were used to calibrate the elec- 
tronic integrator on the Grass recorder for 
volume. There was linear response in the 
electronic integrator from 20 to 200 ml tidal 
volume. 


The pneumotachograph head was then 
interposed between the resistance compo- 
nent and one of the compliance containers. 
Volume from a piston ventilator was deliv- 
ered to the lung simulator and resistance 
varied from 50 to 500 cm H.,O/L/sec. The 
delivered volumes to the lung calculated 
from the pneumatic integrator of the Bournes 
simulator and from the electronic integrator 
agreed within + 5 percent. The calculated 
internal compliance of the ventilator using 
the two differently derived volumes was es- 
sentially the same. 


'The internal compliance of a ventilator 
is a measure of the volume lost within a 
ventilator system following rises in airway 
pressure during gas flow. The higher the 
internal compliance of a ventilator system, 
the greater the amount of gas it can accom- 
modate without transferring this volume to 
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the patient in response to an increase in 
pressure within the ventilator. 


The experiment was divided into 3 parts. 
In each part, the ventilators were adjusted 
to provide + 100, 60, and 40 ml delivered 
lung volume at the lowest resistance and 
highest compliance on the lung simulator at 
a ventilator rate of 20/min. 


In part A, compliance was decreased in 
Steps and resistance was increased to give 
12 progressive increases in airway pressure. 
The 12 compliances of the lung and lung 
pressures were noted at each setting. The 
delivered volume was then calculated. 


In part B, airway resistance was kept 
constant while compliance was decreased in 
4 steps from 10 to 1 ml/cm H,O, and again 
delivered volume was calculated. 


In part C, compliance was maintained 
constant at 10 ml/cm H,O, while airway 
resistance was increased in 7 steps from 50 
to 500 cm/L/sec. 


For each volume in all 3 parts, a linear 
regression equation was derived from the 
calculated lung volume and airway pres- 
sures. The correlation coefficient was cal- 
culated. The slope of this regression line is 
the internal (effective) compliance of the 
ventilator. 


The slope of the calculated regression line 
is the volume lost/em H,O change in pres- 
sure. Student's t-test was used to determine 
the significance of slope differences for each 
ventilator at comparable preset volumes. 


RESULTS 


In part A of this study, where both airway 
resistance and lung compliance were varied, 
the Bournes ventilator had the lowest inter- 
nal compliance, the Babybird had twice this 
value, and the Emerson had 5 times this 
value at the several volumes studied (table 
1). The volume losses to the patient as peak 
airway pressure rises are significantly great- 
er with the Babybird and Emerson than 
with the Bournes; volume losses with the 
Emerson were greater than with the Baby- 
bird. 


When the airway resistance is constant, 
the Babybird and Bournes have comparable 
volume losses as airway pressure increases 
because of decreases in lung compliance 
(table 2). The Emerson has 4 to 5 times 
the volume loss of the other two. 
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TABLE 1 


Tidal Volume Losses with Combined 
Changes in Compliance and 
Airway Resistance* 


E .——————— € — 
Preset volume, Volume lost, 





mi —ml/cm HzO т 
Bournes 60 1.31 —0.98 
Bournes 40 11 —0.97 
Babybird 60 2.6} —0.94 
Babybird 40 2.0 —0.95 
Emerson 70 6.4 —0.92 
Emerson 50 5.6 —0.91 


pM md 


*Initial lung compliance was set at 10 ml/cm H,O 
and airway resistance at 50 cm H,O/L/sec. 


Different from Babybird and Emerson at both 
preset volumes (p<0.001). 


{Different from Emerson at both preset volumes 
(p«0.001). 


TABLE 2 
Tidal Volume Losses with Decreasing 
Lung Compliance and Constant 
Airway Resistance* 





Preset volume, Volume lost, 





mi —ml/cm H20 r 
Bournes 90 1.2t —0.97 
Bournes 60 1.2 —0.94 
Bournes 30 0.8 —0.94 
Babybird 100 1.3} —0.95 
Babybird 60 1.3 —0.95 
Babybird 30 0.9 —0.86 
Emerson 100 5.7 —0.97 
Emerson 60 5.1 —0.98 
Emerson 30 5.2 —0.95 





*Airway resistance was kept at 50 cm H,O/L/sec 
and lung compliance was decreased from 10 ml/cm 
H.O to 1 ml/cm Н.О. 


TNot significantly different from the Babybird at 
all preset volumes (p«0.50); different from the 
Emerson at all preset volumes (p<0.001). 


tDifferent from the Emerson and all preset volumes 
(p«0.001). 


With constant lung compliance and in- 
creasing airway resistance at all tidal vol- 
umes, both the Babybird and Emerson had 
significantly higher volume losses than did 
the Bournes (table 3). At the 60 and 100 ml 
tidal volumes, the volume losses from the 
Babybird and Emerson were of about the 
same magnitude, although different. At the 
30 ml tidal volume, the volume losses from 
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TABLE 3 
Tidal Volume Losses with Increasing 
Airway Resistance and Constant 
Lung Compliance* 





Preset volume, Volume lost, 





ml —ml/cm H20 r 
Bournes 80 1.67 —0.99 
Bournes 60 1.2 —0.98 
Bournes 30 1.2 —0.98 
Babybird 100 5.31 —0.99 
Babybird 60 47} —0.98 
Babybird 30 1.98 —0.99 
Emerson 100 4.0 —0.99 
Emerson 60 5.7 —0.99 
Emerson 30 6.0 —0.88 





*Lung compliance was kept at 10 ml/cm H,O and 
airway resistance was increased from 50 cm Н,О/ 
L/sec to 500 cm H,O/L/sec. 


+Different at all volumes from Babybird and Emer- 
son (p<0.05). 

iNot different from Emerson (p<0.10). 

$Babybird different from Emerson (p<0.05). 


the Babybird were significantly lower than 
that of the Emerson. 


DISCUSSION 


A lung simulator allows variation in air- 
way resistance and lung compliance sepa- 
rately, approximating the conditions en- 
countered in a patient with pulmonary dis- 
ease. Such a device provides a method for 
comparing the performance of various pedi- 
atric ventilators. The Bournes simulator is 
patterned after the simulator suggested by 
the International Standards Committee.5 


When airway resistance was increased 
and lung compliance decreased, the Bournes 
ventilator had the lowest internal compli- 
ance. Lower internal compliance reflects 
smaller tidal volume losses with increases in 
airway pressures. The Babybird had approx- 
imately twice and the Emerson had approxi- 
mately 5 times the internal compliance of 
the Bournes. 


When airway resistance was constant, the 
Babybird improved its performance to the 
level of the Bournes. However, when in- 
creased airway resistance was simulated, the 
internal compliance of the Babybird was 
similar to that of the Emerson. Since the 
tidal volume of a Babybird is flow-generated, 
as airway resistance is increased, the de- 
livered flow will decrease. 
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This relation between flow, pressure, and 
resistance in the airway is generally analo- 
gous to the relationship between current, 
electromotive force, and resistance in an 
electric circuit, as expressed in Ohm’s Law: 
Electromotive force (E) 

Resistance (R) 
Pressure (P) 


Resistance (R) 


Current (i) = 





Flow (Е) с 


Since delivered tidal volumes flow from 
areas of high pressure (within the ventila- 
tor) to areas of relatively low pressure 
(within the lung) and since this pressure 
dfferential remains relatively constant, any 
increase in airway resistance will result in 
a decrease in delivered flow. 


In the Babybird ventilator, which is time 
cycled, the tidal volume is the product of 
the flow rate and the inspiratory time. If 
the delivered flow is decreased because of 
an increase in airway resistance, the tidal 
volume delivered is likewise decreased. 


No ventilator functions as a true "vol- 
ume" ventilator when used to ventilate in- 
fants, In part, compression and distention 
volume losses can be compensated for by 
increasing the preset tidal volume of the 
ventilator above the required patient tidal 
volume. This provides an adequate patient 
tidal volume when airway pressure remains 
constant. If airway pressure rises, significant 
tidal volume losses to the infant may occur; 
in adults this volume loss due to increased 
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airway pressure represents a small fraction 
of the patient tidal volume. 


One of the factors influencing the com- 
pression volume loss is the size of the inter- 
nal volume of the ventilator,? the larger the 
internal volume, the larger the tidal volume 
losses. Even though compression volume 
losses in the Emerson can be anticipated 
and additional tidal volume used to allow 
for these losses, subsequent changes in air- 
way pressures will result in greater volume 
losses in the adult ventilators. 


Therefore, there is a definite advantage 
in using infant ventilators (with small in- 
ternal volumes) for the mechanical ventila- 
tion of infants rather than adapting adult 
ventilators for this purpose. 
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POSTOPERATIVE RENAL FAILURE. Since acute renal failure (ARF) in the post- 
operative period has an extremely poor prognosis, it is important to be able to predict 
preoperatively the patients at risk. А prospective study of 500 consecutive cardiac 
operations evaluated the incidence, etiology and therapy of postoperative ARF. Thirty- 
five patients developed ARF. Positive risk factors included age, elevated preoperative 
renal function tests (BUN, serum creatinine, creatinine clearance) reduced cardiac 
output preoperatively, duration of cardiopulmonary bypass and duration of aortic 
cross clamping. Factors that did not correlate with the development of ARF included 
the type of operation, intraoperative blood pressure or urine output, flow rate during 
cardiopulmonary bypass, hemogiobinemia or preoperative diuretic therapy. Mortality 
was 88.8 percent and 100 percent if dialysis was required. Postoperative ARF is better 
prevented than treated. (Abel RA, Buckley MJ, Austen WG et al: Etiology, incidence 
and prognosis of renal failure following cardiac operations. Results of a prospective 
analysis of 500 consecutive patients. J Thor Cardiovas Surg 71:323-333, 1976) 
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Ketamine and Intraocular Pressure in Children 
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The effect of ketamine on intraocular pressure 
(IOP) was studied in 10 children. Control IOP 
values were determined prior to induction of 
anesthesia, following premedication with atro- 
pine alone or in combination with pentobarbi- 
tal and meperidine. After the IM injection of 
8 mg/kg of ketamine, the IOP was determined 
at 5, 10, 15, and 20 minutes. Mean (+ SD) IOP 
values before and after ketamine were 22.2 + 
4.8 and 16.7 + 3.3 torr (p<0.001), respectively. 
The authors believe that the reduction in IOP 
was not due to ketamine, per se, but rather 
to lack of patient relaxation and cooperation 


NOWLEDGE of the effect of anesthetic 

agents on intraocular pressure (IOP) 
is important in the selection of anesthesia 
for patients with elevated IOP or open eye- 
ball injuries. While most inhalation anes- 
thetics produce little or no decrease in 
IOP,!? ketamine has been reported to in- 
crease IOP markedly*5 or to a mild de- 
gree. Yet another study? in adults re- 
ported that ketamine had no effect on IOP. 


Furthermore, knowledge of the normal 
range of IOP associated with the use of 
ketamine is necessary for the ophthalmolo- 
gist in the diagnosis and treatment of glau- 
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during control measurements. At the end of 20 
minutes, a second dose of ketamine, this time 
1 mg/kg IV, was given and measurements 
were repeated at the same intervals. In 5 pa- 
tients, the effects on IOP of d-tubocurarine, 
endotracheal intubation, and N:O inhalation 
also were evaluated. A significant increase (6.7 
torr) in IOP was observed only after endo- 
tracheal intubation. The authors conclude that 
ketamine does not raise IOP in the healthy 
pediatric patient and, therefore, can be used 
for ophthalmic procedures requiring sedation 
or anesthesia. 


coma. We therefore evaluated the effects of 
ketamine on IOP in а group of healthy pedi- 
atric patients. The effects on IOP of d-tubo- 
curarine, endotracheal intubation, and М.О 
inhalation were also examined. 


METHODS 


Ten healthy children who showed no evi- 
dence of intraocular disease were studied. 
Ages ranged from 2 to 10 (mean 5.7) years 
and mean weight was 21.5 + 8.1 kg. In- 
formed consent was obtained from parents 
or guardians and the experimental protocol 
was approved by the University’s Commit- 
tee for the Protection of Human Subjects. 
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Each patient received 0.02 mg/kg of 
atropine IM 1 hour before the study, 5 also 
receiving 1.1 mg/kg of meperidine and 2.2 
to 4.4 mg/kg of pentobarbital IM. Studies 
were conducted in a quiet room adjacent to 
the operating room. Following corneal ap- 
plication of 0.5 percent proparacaine hydro- 
chloride ophthalmic solution, control meas- 
urements of IOP were obtained in both eyes 
with a MacKay-Marg electronic applana- 
tion tonometer.® Blood pressure was moni- 
tored throughout the study period by stand- 
ard arm-cuff occlusion. The ECG (lead II) 
recorded cardiac rate and rhythm. 


The protocol was divided into two phases. 
In phase I, anesthesia was induced in all 
10 patients with 8 mg/kg of ketamine IM. 
IOP measurements were made after 5, 10, 
15, and 20 minutes while patients sponta- 
neously breathed room air. Phase II began 
with the administration of a 2nd dose of 
1 mg/kg of ketamine IV, 20 minutes after 
the initial IM dose. Patients were then 
randomly divided into 2 equal groups. 


In group A (controls), IOP measurements 
were recorded in 5 patients after 5, 10, and 
15 minutes while breathing 100 percent Oy. 
The other 5 patients received 0.8 mg/kg of 
d-tubocurarine IV in addition to the 2nd 
dose of ketamine. They were ventilated with 
О», and 5 minutes later IOP was measured. 
Muscular response was evaluated by ulnar 
nerve stimulation at the wrist with a Well- 
come peripheral nerve stimulator. The tra- 
cheas of these patients then were intubated 
with the aid of a straight laryngoscope 
blade and, after a period of 5 minutes, IOP 
measurements were determined. N.O-O. 
(70:30) was then administered, and IOP 
was again measured at 5 minutes in 5 pa- 
tients and at 10 minutes in 3 patients. 


The average pressure in both eyes was 
used in the tabulations and in statistical 
analysis of paired data by Student’s t-test. 


RESULTS 


Phase I: Mean (+ SD) IOP values be- 
fore and after ketamine (8 mg/kg) were 
22.2 + 4.8 and 16.7 + 3.3 torr (p«0.001), 
respectively (table 1). The reduction in 
IOP persisted throughout the 20-minute 
observation period. Although 5 of 10 chil- 
dren received premedication, only 3 were 
relaxed and cooperative during control IOP 
measurements. In the 3 children in whom 
adequate control measurements were ob- 
tained, IOP was 17.5 + 2.6 torr, a value 
significantly less (p«0.05) than for the 7 
uncooperative patients (24 + 3.5). 
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TABLE 1 


IOP Values Before and After 
Ketamine 8 mg/kg in 10 Children 
(Phase 1) (Mean — SD) 


ЮР (torr) minutes after ketamine 

















| Control 5 10 15 ^20 
22.2 16.7* 17.21 175+ | 17.07 
+4.8 +3.3 +3.3 +3.4 +4.2 
*p<0.001. 
тр<0.02. 
TABLE 2 


IOP Values After Ketamine 1 mg/kg in 
5 Children (Phase ПА) (Mean = SD) 








Control* 5 10 15 
16.2 17.4 15.8 15.4 
+3.6 +2.7 +2.1 ж2.1 





*Represents 20-minute value after previous ketamine 
(8 mg/kg IM). 
TABLE 3 
IOP Values After Ketamine (1 mg/kg IV) 
and Other Drugs in 5 Children 
(Phase JIB) (Mean = SD) 














5 10 15 А 20 
Ketamine Endo- E 
ond d-tubo- tracheal Nitrous Nitrous 
Control* — curarine? — intubation oxide oxide 
17.7 15.5 22.21 18.0 15.38 
+5.1 +4.6 +41 +29 (144017) 


*Represents 20-minute value after previous keta- 
mine (8 mg/kg IM). 


10.8 mg/kg IV. 
tp« 0.05 from all other values. 


$ Кергеѕепіѕ mean (and range) in 3 patients. 


No IOP differences after ketamine were 
observed between premedicated and unpre- 
medicated children. Both systolic blood 
pressure and heart rate showed a significant 
(p« 0.05) increase (10 and 16 percent, re- 
spectively) 5 minutes after ketamine admin- 
istration. These changes were maintained 
throughout the study period. 


Phase П: Mean (+ SD) IOP values 
after IV ketamine (1 mg/kg) in 5 children 
are shown in table 2. No significant effect 
on IOP was observed when compared to the 
20-minute value after the initial IM keta- 
mine. The administration of a paralyzing 
dose of d-tubocurarine in the other 5 pa- 
tients resulted in a small (2.2 torr) but in- 
significant decrease in IOP (table 3). The 
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greatest change in IOP occurred after endo- 
tracheal intubation, when a 6.7 torr in- 
crease (p<0.05) was observed. A 10 percent 
increase (p« 0.05) in systolic blood pressure 
also occurred at this time. No change in 
heart rate was observed. Following N.O ad- 
ministration, IOP and systolic blood pres- 
sure returned to control levels. 


DISCUSSION 


In contrast to the reports of others,*? our 
findings show that ketamine anesthesia does 
not produce an increase in IOP. Mean IOP 
values during 35 minutes of ketamine anes- 
thesia ranged from 15.4 to 17.5 torr, values 
similar to those we previously reported for 
halothane and isoflurane.! The presence or 
absence of narcotic-barbiturate premedica- 
tion did not affect this response. These ob- 
servations, and the finding that a paralyzing 
dose of d-tubocurarine failed to produce 
further lowering of IOP, indicate that an 
IOP value of 16 to 17 torr (as determined 
by applanation tonometry) probably repre- 
sents a basal pressure in the anesthetized 
state. 


When compared to awake control meas- 
urements, we observed a small but signifi- 
cant reduction in IOP after ketamine admin- 
istration. However, we believe that this re- 
duction was not an effect of ketamine, per 
se, but rather related to the lack of relaxa- 
tion and patient cooperation in most chil- 
dren during control measurements. Five of 
our patients received premedication and ade- 
quate cooperation was achieved in only 3. 
In contrast, sedated control IOP measure- 
ments in our previous study of a larger 
group of children! showed an IOP value of 
17.4 + 3.4 torr, which is similar to that ob- 
served in our 3 cooperative sedated patients 
before ketamine, and in all 10 patients after 
ketamine in this study (table 1). 


'The observation of a significantly elevated 
IOP 5 minutes after endotracheal intubation 
was unanticipated and is not readily ex- 
plained. However, it does suggest that the 
finding of an elevated IOP immediately after 
endotracheal intubation should be viewed 
with caution in a child with an open eye 
and anesthetized with ketamine. Similarly, 
this response may interfere with the evalua- 
tion of glaucoma. 


Our findings during ketamine anesthesia 
agree with those of Peuler* and of Harris.!" 
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However, differences in methodology and 
age distribution do not permit direct quan- 
titative comparisons. Corssen’ also reported 
similar IOP values during ketamine anesthe- 
sia, but the results of that study represent 
a small (2 torr), but statistically significant, 
increase in IOP. The greatest increase in 
IOP was found by Purschke and Hassouna,? 
who reported an increase of 34 torr 15 min- 
utes after ketamine administration. 


The inconsistency of previous studies 
evaluating ketamine action may be related, 
in part, to differences in premedication and 
the methods of tonometry. The MacKay- 
Marg applanation tonometer is generally 
considered more accurate than the indenta- 
tion tonometers used in many of the previ- 
ous studies. 


We conclude that in the absence of endo- 
tracheal intubation, ketamine does not raise 
IOP in the healthy pediatric patient and, 
therefore, can be used for ophthalmic pro- 
cedures requiring sedation or anesthesia. 
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Anesthesia and the Modification of Response 
to Infection in Mice 


PETER G. DUNCAN, MD* 
BRUCE Р. CULLEN, МОТ 
NANCY N. PEARSALL, PhDt 


Seattle, Washington§ 


Anesthetic-induced immunosuppression, if clin- 
ically significant, could modify the natural 
course of infectious diseases in vivo. To test 
this hypothesis, the localized response to IM 
Candida albicans and the mortality following 
fecal peritonitis were examined in anesthetized 
mice. Using these 2 models, halothane anes- 
thesia was found not to modify the natural 


Aenea and surgery are associated 
with suppression of various compo- 
nents of the immune геѕропѕе.!.2 Anesthesia 
may reduce bacterial phagocytosis and kill- 
ing, impair lymphocyte transformation, and 
alter immunoglobulin production in appro- 
priate in vitro assay systems. However, the 
significance of these observed defects to the 
in vivo resistance to infection remains to be 
determined. The immune system has many 
effector mechanisms which tend to overlap 
in the intact individual, thus compensating 
for an isolated deficiency in a single com- 
ponent. In addition, immune responses are 
often far greater than needed to control an 
invading organism, suggesting that the de- 
ficiency must be quantitatively large or the 
infection unusually great before adverse ef- 
fects will be noted. The present studies were 
undertaken to determine what role, if any, 


*Research Fellow, Department of Anesthesiology. 
tAssociate Professor, Department of Anesthesiology. 


history of local sepsis but to significantly ac- 
centuate the mortality associated with the 
more severe infection. Possible explanations 
for these results include significant inhibition 
of reticuloendothelial function or plasma op- 
sonization with relatively minor derangements 
of peripheral leukocyte capability. 


anesthesia plays in the host response to 
infection in vivo. 


We studied the influence of halothane in 
the pathogenesis of 2 types of infections in 
mice: (A) Candida albicans, injected into 
the mouse thigh, and (B) suspended colonic 
contents, injected intraperitoneally (IP). 
The former produced an easily measured 
lesion, self-limited over 4 to 6 weeks, the 
size of the abscess appearing to be depen- 
dent upon host vascular and granulocytic 
responses with little evidence for the partici- 
pation of specific cell-mediated immune 
mechanisms.? This model thus afforded an 
accurate assessment of host resistance to 
a localized infection in vivo. In contrast, 
fecal peritonitis, as previously reported, 
was associated with a more generalized in- 
fection and a high mortality rate. 


tAssociate Professor, Department of Microbiology and Immunology. 


$University of Washington, Seattle, Washington 98195. 


This study was supported in part by NIH (NIGMS) Grants #GM-15991 and #DE 02600-08 and the 


Canadian Medical Research Council. 


Dr. Duncan's current address: Department of Anesthesiology, Health Sciences Centre, 700 William Ave- 


nue, Winnipeg, Manitoba, Canada. 
Paper received: 3/3/76 
Accepted for publication: 4/7/76 


i 


Infection in Mice... . Duncan, et al 


METHODS AND MATERIALS 


A. Candida Albicans Model.—The test 
organism, C albicans, obtained from the De- 
partment of Microbiology and Immunology, 
University of Washington, was passaged 
regularly on Sabouraud’s agar. Organisms to 
be injected were grown for 24 to 48 hours 
in Sabouraud’s broth at 37° C, centrifuged 
from the broth, washed 3 times in saline 
solution, counted, and resuspended in saline 
at a concentration of 2.5 x 10% viable yeast 
cells per milliliter. 


The left thigh of 78 male outbred Swiss- 
white mice weighing 25 to 35 gm was in- 
jected IM with 25 x 10% organisms/gm 
body weight, suspended in 0.2 ml of physi- 
ologic saline. The right thigh was injected 
with 0.2 ml saline as a control. Thigh size 
was measured with sliding calipers daily for 
the first 10 days as the lesions developed, 
then at intervals until the lesion had re- 
gressed completely. The largest dimension 
was taken as the thigh size and was record- 
ed as the difference from the control side 
for each animal. 


Test animals were divided into 4 groups: 


Group I: Halothane administered for 4 
hours immediately before infection (п = 14). 


Group II: Halothane administered for 4 
hours immediately after infection (п = 10). 


Group III: Halothane administered for 4 
hours daily for 4 days before infection 
(п= 9). 


Group IV: Halothane administered for 4 
hours daily for 4 days after infection 
(п = 20). 


One control group, similarly infected and 
paired for each test group, received 100 per- 
cent O, according to the same schedule, 
while a 2nd control group was maintained 
in air. 


Animals were anesthetized in a 30 x 14 x 
34-em plexiglass container. Halothane was 
administered in 100 percent O. at a rate 
sufficient to maintain ambient halothane 
concentration at 1.1 + 0.1 percent. Total gas 
flow was З L/min. Halothane, О., and СО. 
concentrations were monitored by a Beck- 
man LB-II infrared gas analyzer, a Beck- 
man DB-2 paramagnetic analyzer, and an 
Instrumentation Laboratories gas analyzer, 
respectively. Rectal temperatures were 
maintained at 37 + 0.5? C by an overhead 
heat lamp. A maximum of 20 animals were 
anesthetized at any one time, and all anes- 


ТТТ 


thetics were administered at a similar time 
of day. 


Following anesthesia, the mice were al- 
lowed to recover in O, until capable of a 
sustained righting response, after which they 
were housed in similar cages for the dura- 
tion of the experiment. Animals were given 
food and water ad lib; daily weighing indi- 
cated no gross metabolic alteration second- 
ary to the anesthetic. 


То examine the effect of halothane on 
C albicans itself, cultures prepared with 5 x 
105 organisms in Sabouraud's broth were in- 
cubated for 4 hours daily for 4 days in 
either 1 percent halothane, 100 percent О,, 
or air. The remainder of the time, the cul- 
tures were maintained in air at 37? C. At 
the end of the 4 days, the yeast cells were 
counted in a hemocytometer. 


B. Fecal Peritonitis Model.—Fecal mate- 
rial was obtained from male Swiss-Webster 
mice by irrigating the colons with 20 ml of 
Hank's balanced salt solution (HBSS) im- 
mediately after death. The fecal material 
was homogenized with a tissue grinder and 
the resulting suspension filtered through 
surgical gauze. Mice of the same strain 
were injected IP with 0.7 ml of the fecal 
suspension, using a 23-gauge needle. Con- 
trol (noninfected) animals received a simi- 
lar volume of HBSS without colonic con- 
tents. Forty additional mice were injected 
with a similar preparation which had been 
heat-sterilized at 100? C for 60 minutes, 
leaving endotoxin and particulate matter in 
the suspension. 


Infected animals were paired into 2 
groups and subjected to either 0.6 to 0.8 
percent halothane in O., or to 100 percent O, 
for 4 hours by the anesthetic technic de- 
scribed above, with no more than 20 ani- 
mals treated in a single experiment, to a 
total of 6 paired studies. Food and water 
were withheld for 12 hours from both groups 
upon recovery from anesthesia, to offset any 
metabolic advantage to the unanesthetized 
controls. 


These mice were distributed into 5 
groups: 


Group I: Halothane administered for 4 
hours after IP injection of fecal suspension 
(n=48). 


Group П: O, administered for 4 hours 
after IP injection of fecal suspension (n= 
46). 
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Group III: Halothane administered for 4 
hours after IP injection of HBSS (n=20). 


Group IV: Halothane administered for 4 
hours after IP injection of heat-sterilized 
fecal suspension (n= 20). 


Group V: O, administered for 4 hours 
after IP injection of heat-sterilized fecal sus- 
pension (n=20). 


Mortality was assessed regularly for the 
next 2 weeks, after which the survivors were 
sacrificed and gross examination of the peri- 
toneum was made. 


Statistics.—Results of the mouse thigh 
lesion were examined by Student's t-test for 
unpaired data. Mortality in the fecal peri- 
tonitis model was evaluated by chi-square 
with continuity correction. 


RESULTS 


A. Mouse Thigh Lesion.—The adminis- 
tration of halothane was not associated with 
any significant alteration in the magnitude 
of the IM lesion produced by C albicans. 
Similarly, there was no significant alteration 
in the time course of development or regres- 
sion of the abscess. Data for group IV (fig- 
ure) are representative of all other groups. 
Similar results were obtained with other 
dosage schedules, none of which demon- 
strated any significant difference in size of 
the control thighs with time or within 
groups; hence, the diameter of the infected 
side is recorded in absolute figures. 


'The administration of halothane, even on 
consecutive days, did not affect the weight 
of the animals despite apparent lethargy for 
several hours after anesthesia. Halothane 


$--9 Before Haiorhane 11% 


Thigh size fmm} 





FIGURE. Development of thigh lesion in response 
to IM C albicans in mice of group IV. Similar 
results were obtained for the other groups in thigh 
tests. 
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TABLE 1 
Anesthetic Mortality Due to Infection 
HBSS, Infected, 
n — 20 n — 48 t 
Deaths 0 3 <0.1 
Percent 0 6 


mortality 


did not affect the growth of C albicans in 
vitro, for cell counts were similar after ex- 
posure to the anesthetic gas, O., or air. 


B. Fecal Peritonitis Model—-The admin- 
istration of halothane to mice infected with 
colonie contents was associated with in- 
creased mortality during the anesthetic pe- 
riod; hence, 0.6 to 0.8 percent halothane 
was employed rather than the 1.1 percent 
concentration used in the mouse thigh mod- 
el. Although the difference was not statis- 
tically significant, mortality during a single 
exposure to halothane was 6 percent for in- 
fected animals as compared to none for 
control animals anesthetized without infec- 
tion (table 1). 


Since the animals that died during anes- 
thesia appeared to develop copious airway 
secretions and respiratory obstruction as a 
terminal event, they were excluded from 
subsequent calculations, as they did not rep- 
resent morality directly attributable to the 
infection. The following data therefore rep- 
resent only those animals that recovered 
from anesthesia and survived the acute car- 
diopulmonary consequences of halothane 
imposed on septicemia. 


Following halothane-O, anesthesia, mice 
with peritonitis exhibited a significantly in- 
creased mortality as compared with O.- 
treated mice. This was apparent from 24 
hours after anesthesia to the end of the 
study at 14 days (table 2). Mean mortality 
from 6 paired experiments was 44 percent 
in O, as compared to 81 percent in halo- 
thane. Heat sterilization of the colonic con- 
tents prevented mortality in O,-treated mice 
and greatly reduced mortality in halothane- 
treated animals (table 3). Thus the effect 
of halothane was significant only when mice 
were infected with viable organisms. In both 
halothane and O,, the use of viable organ- 
isms significantly increased mortality over 
that observed with endotoxin-containing 
killed suspensions alone. 


The bacterial species isolated from the 
fecal suspension were predominately Esch- 
erichia coli and enterococci, as determined 
by standard isolation technics. Cultures for 
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TABLE 2 


Mortality From Fecal Peritonitis 
(Excluding Anesthetic Mortality) 


Time after Oxygen {а = 46) 











onesthesia Deaths* % Mortalityt Deaths* % Mortality? Е E " 
3hr 0 0 0 0 — 

16 hr 19 38 + 18 23 47 + 15 NS 

24 hr 19 38 + 18 28 59 + 11 0.05 

36 hr 20 40 + 18 34 ТТ x6 0.005 

48 hr 21 44 + 16 35 79 3: 6 0.005 

72 hr 21 44 = 16 36 81-7 0.005 

14 days 21 44 = 16 36 81-7 0.005 


*Deaths expressed as total for all experiments. 


Percent mortality expressed as mean (+ SE) for 6 experiments. 


NS = not significant. 


TABLE 3 


Mortality From Intraperitoneal Endotoxin 
(Excluding Anesthetic Mortality) 








Oxygen {л = 20) Halothane (n = 17) 
Time after 95 Mor- 95 Mor- 
anesthesia Deaths tolity Deaths tality Р 
3hr 0 0 1 6 NS 
16 hr 0 0 1 6 NS 
24hr 0 0 1 6 NS 
36 hr 0 0 2 12 NS 
48 hr 0 0 2 12 NS 
72 hr 0 0 2 12 NS 
14 days 0 0 2 12 NS 





Strict anaerobes were not performed. Both 
experimental and control animals received 
equal aliquots of the fecal suspension. Thus, 
although the quantity of bacteria per injec- 
tion was not determined, it was identical 
for paired anesthetized and control animals. 


DISCUSSION 


While anesthetic-induced immunosuppres- 
sion has been demonstrated by in vitro 
technics, the impact of these findings on the 
prognosis of patients bearing infections has 
not been well documented. In particular, 
it is not known whether similar derange- 
ments occur in vivo. Animal models have 
been used previously to study infection dur- 
ing anesthesia, but results have been incon- 
clusive. 


Bruce? demonstrated an accelerated mor- 
tality in mice subjected to halothane anes- 
thesia after IP injection of Salmonella 


typhimurium, although the ultimate mor- 
tality of his anesthetized animals was simi- 
lar to control. Goldstein's group,? using ra- 
diolabeled Staphylococcus aureus, found im- 
paired murine pulmonary bactericidal activ- 
ity following cyclopropane and methoxyflu- 
rane administration but not after halothane 
or pentobarbital. However, their mice were 
sacrificed immediately after anesthesia, leav- 
ing open to question the significance of ob- 
served results in the development of pneu- 
monia. Viral pneumonia is more easily pro- 
duced in mice under ether anesthesia,’ al- 
though this has been attributed to altered 
host respiratory mechanics rather than to 
immunosuppression by the anesthetic. 
Hence, it remains to be demonstrated exper- 
imentally that anesthetic agents alone are 
capable of significantly modifying the mor- 
bidity or mortality associated with microbial 
invasion. 


Our studies suggest that halothane anes- 
thesia in the presence of severe infection 
(peritonitis) is associated with increased 
mortality, although the precise mechanism 
remains to be elucidated. On the other hand, 
localized infection with organisms of low 
virulence (C albicans) does not appear to 
be significantly modified by halothane anes- 
thesia. 


The mouse immune system is very similar 
to that of man; hence, it affords a reason- 
able experimental model for the study of 
infectious diseases. The mouse thigh lesion 
appears to be a valid in-vivo technic for 
assessment of immune responses to C albi- 
cans, with the development of the lesion 
principally a function of the neutrophil re- 
sponse. The modification of the normal re- 
sponse in the thigh lesion by antibiotics and 
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steroids? parallels the clinical picture of 
candidiasis in animals and man. 


Peripheral leukocytes have the primary 
responsibility in control of local sepsis." 
Failure of halothane to affect the size of the 
lesion produced in response to candida sug- 
gests that this anesthetic has little effect on 
the mobilization and deposition of inflam- 
matory cells at an infected site, at least 
with C albicans as the inciting organism. 
Whether similar responsiveness persists in 
intact animals subjected to other organisms 
remains to be determined. Bruce,” in con- 
trast, demonstrated reduced mobilization of 
neutrophils into the peritoneal cavity of 
mice in response to salmonella infection dur- 
ing halothane anesthesia. His results, how- 
ever, may be attributed to altered splanch- 
nic blood flow caused by this anesthetic and 
not necessarily to reduced leukocyte capa- 
bility. 


In contrast to its failure to affect the de- 
velopment of a localized abscess, halothane 
significantly increased the lethality of fecal 
peritonitis in the model we employed. Fail- 
ure of heat-sterilized fecal material to have 
a similar effect suggests that death was the 
result of active infection rather than an in- 
direct effect of endotoxin. Since mortality 
was increased well after anesthesia was dis- 
continued, and since deaths occurring during 
anesthesia were excluded, it is doubtful that 
any acute cardiovascular or respiratory ef- 
fects of the anesthetic can be incriminated. 


Before attributing these results to altered 
host defense mechanisms, it is necessary to 
rule out effects of the anesthetic on the 
microorganism's growth characteristics. We 
were unable to demonstrate any inhibition 
or stimulation of fungal growth by halothane 
in vitro. Previous authors!” have document- 
ed growth inhibition of bacteria by halo- 
thane for species such as E coli, but at con- 
centrations achievable only in anesthetic 
apparatus.!! In addition, the effects appear 
to be less significant on moist, protein-rich 
agar than on dry cellulose-acetate media, 
suggesting that in vivo effects should be 
minimal at the scene of an inflammatory 
exudate.!? The increased O, administered 
with halothane may inhibit anaerobic 
growth, but this we controlled by using 
O,-treated controls. Hence, we conclude 
that direct antimicrobial effects of halothane 
should be minimal in our experimental situ- 
ation. 


In response to generalized bacterial infec- 
tion and septicemia, the phagocytic cells of 


. . Current Researches Vou. 55, No. 6, Nov.-Dec., 1976 


the reticuloendothelial system (both fixed 
and circulating) and polymorphonuclear 
leukocytes control the infectious process.? 
Their activities are promoted by opsonins, 
circulating proteins which react with bac- 
teria to cause their easier phagocytosis and 
destruction. Opsonins in serum include na- 
tural antibodies, immune antibodies, com- 
ponents of the complement system, and yet- 
unidentified thermolabile proteins. Certain 
organisms, such as E coli,!? are relatively 
resistant to phagocytosis unless they are 
suitably opsonized. 


It is postulated, though by no means 
proved, that the increased mortality follow- 
ing anesthesia was in part the result of de- 
pressed reticuloendothelial phagocytic func- 
tion, whereas normal host defense mecha- 
nisms remained intact in control animals. 
Surgery in animals is associated with a re- 
duced reticuloendothelial capability,!* prob- 
ably due to reduced plasma opsonization.!? 
While peripheral leukocytes do not appear 
to be affected by halothane,'®-!7 the phago- 
cytic ability of the reticuloendothelial sys- 
tem is impaired in humans undergoing minor 
surgery with a variety of anesthetics, in- 
cluding halothane.!5 It may be that the or- 
ganisms of our model were potentiated by 
halothane-induced suppression of reticulo- 
endothelial phagocytosis or by modification 
of normal serum opsonization. Such mecha- 
nisms are only speculative at present, to be 
explored by further studies. 


Anesthesia is all too often accompanied 
by side effects, such as hypoxia, acidosis, 
and hypothermia, all of which have been 
shown to diminish bactericidal ability in ex- 
perimental animals.5.!? Although our ani- 
mals were anesthetized in 100 percent O, 
and kept normothermic, some degree of aci- 
dosis probably occurs in all anesthetized 
small animals that must breathe spontane- 
ously.?? In addition, there is some evidence 
that infected animals may be abnormally 
susceptible to the cardiovascular and re- 
spiratory-depressant effects of anesthesia?! 
This latter point may explain the increased 
incidence of respiratory complications in the 
infected mice and consequent elevated intra- 
anesthetic mortality. 


It is a time-honored impression that pa- 
tients with infections fare poorly after anes- 
thesia, although firm evidence supporting 
this contention is lacking. Anesthesia is as- 
sociated with increased morbidity and mor- 
tality in patients bearing the infectious 
hepatitis virus,?? an observation paralleled 
by the increased ease of induction of viral 
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hepatitis in mice subjected to halothane.?? 
Respiratory infections are frequent after 
both general?! and topical? anesthesia, usu- 
ally attributed to altered respiratory me- 
chanics and impaired mucociliary clearance. 
Whether other pathogens can similarly be 
potentiated by anesthesia remains to be 
demonstrated. 


CONCLUSIONS 


We have demonstrated an increased mor- 
tality (to 81%) in mice subjected to anes- 
thesia after IP injection of fecal material 
sufficient to kill 44 percent of control ani- 
mals. Anesthetic complications were also 
increased in infected animals. While the 
localized inflammatory response to C albi- 
cans IM is not affected by halothane, effects 
of the anesthetic or complications thereof 
on other aspects of host defenses, particu- 
larly on reticuloendothelial function, re- 
main to be excluded. 
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The Effects of Stellate Ganglion Block on the Idiopathic 
Prolongation of the Q-T Interval with Cardiac Arrhythmia 


(The Romano-Ward Syndrome) 


HISASHI YANAGIDA, MD* 
CHIYUKI KEMI, МОТ 


KUNIO SUWA, МО 


The association of a prolonged Q-T interval, 
congenital deafness, and syncopal attacks due 
to ventricular fibrillation following emotional 
or physical stress is known as the Jervell- 
Lange-Nielsen syndrome. Absence of the con- 
genital deafness characterizes the otherwise 
identical Romano-Ward syndrome. Both con- 
ditions have a high mortality rate and are 
recognized as contributing to sudden death in 
children. Although the pathogenetie factors 


Ts association of a prolonged Q-T inter- 
val, congenital deafness, and syncopal 
attacks due to ventricular fibrillation fol- 
lowing emotional or physical stress is a clin- 
ical entity known as the Jervell-Lange- 
Nielsen syndrome.! Absence of the congeni- 
tal deafness characterizes the otherwise 
identical 'Romano-Ward" syndrome? 
Both conditions (long Q-T syndrome) have 
a high mortality rate and are recognized as 
contributing to sudden death in children.* 


The pathogenesis of long Q-T syndrome 
is dependent on an imbalance between vari- 
ous components of the cardiac sympathetic 
innervation. A congenital decreased activ- 
ity through the right cardiac sympathetic 
nerves seems the most likely pathogenetic 
mechanism in the majority of cases.*-* Other 
forms of sympathetic imbalance, including 
left or even right hyperactivity, are, how- 
ever, possible in isolated cases." 


Beta-blockers, at full blocking dose, rep- 
resent the therapy of choice and are greatly 


are not yet completely elucidated, the condi- 
tion is well enough understood to permit effec- 
tive treatment. The authors performed a left 
stellate ganglion block in a 12-year-old girl 
with a mild form of the Romano-Ward syn- 
drome, shortening the Q-T interval and elimi- 
nating the ventricular tachyarrhythmia. The 
left stellate ganglion block should be consid- 
ered by anesthesiologists as an emergency 
measure, effective in interrupting the attack. 


effective in reducing mortality. If medical 
therapy is not effective, ablation of the left 
stellate ganglion along with the first thorac- 
ic ganglia is the most rational and specific 
therapy 5. 9.5,10 


CASE REPORT 


We performed a left stellate ganglion 
block in a 12-year-old girl, diagnosed as hav- 
ing a mild form of Romano-Ward syndrome. 
She was admitted to the hospital because of 
attacks of dizziness and cardiac arrhythmia, 
the latter having been noted since birth. At 
age 11, she experienced a feeling of sudden 
fullness in the chest, dizziness, and acute 
abdominal discomfort for about 2 minutes. 
Seven months later, she cried out and fell 
unconscious, although neither cyanosis nor 
convulsions occurred. Subsequently, she had 
similar attacks with increasing frequency, 
often, though not constantly, related to emo- 
tional or physical stress. Recovery, after 
about 2 minutes, was associated with head- 
ache and nausea. She felt otherwise well and 
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her vital signs remained normal. She had 
not taken any drugs. 


Physical examination showed essentially 
normal findings. The heart was normal on 
palpation. The heart sounds were normal 
but the rhythm was irregular. No third or 
fourth heart sounds or murmur were pres- 
ent. The heart rate was 70 bpm, blood pres- 
sure 115/80 torr supine, and 110/85 torr 
standing. Arterial and venous pulses were 
normal but irregular. Chest radiography 
was normal. 


Hemodynamic Studies.—Left ventricular 
Systolic time constants were studied with the 
aid of simultaneous electrocardiogram, pho- 
nogram, carotid pulse tracing, and apex 
cardiogram. The pre-ejection period was 101 
msec, the left ventricular ejection time 313 
msec, and the isovolumetric relaxation pe- 
riod 106 msec, the heart rate being 54 
cycles/min. All these values are within the 
range considered normal in this laboratory. 
After these studies, the heart was catheter- 
ized, to exclude the remote possibility of 
silent idiopathic cardiomyopathy. The left 
ventricular end-diastolic pressure ( LVEDP) 
was 9 torr. No gradient was present in the 
left ventricular outflow tract or at the aortic 
valve. The aortic pressure pulse wave was 
normal. The left ventricular cineangiogram 
revealed a ventricular cavity of normal size, 
a ventricular myocardium of normal size 
and thickness, and a normal synergic pat- 
tern of contraction, with normal cardiac and 
stroke indices. 


Other laboratory investigation, which in- 
cluded urinalysis, serum glucose tolerance 
test, intravenous ethylene-ediaminetetra- 
acid test to exclude hypoparathyroidism, 
catecholamine, metanephrine, and adrena- 
line excretion during bed rest and while 
ambulatory, electroencephalogram, and au- 
diogram revealed no abnormalities. 


Family Studies.—Examination of parents 
and brothers revealed no abnormalities. Car- 
diac disease had caused the death of the 
patient's paternal grandmother and one of 
6 paternal grand-uncles, but no syncopal at- 
tacks were reported. Four of 6 paternal 
cousins had clinically observable cardiac 
arrhythmias but showed no Q-T prolonga- 
tion on the ECG. 


Electrocardiographic Studies Тһе ECG 
recorded in the supine position at rest 
showed normal P waves, P-Q interval, QRS 
complexes, and a consistently prolonged 
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Q-T (or Q-U) interval, which varied be- 
tween +88 to +29 percent of the predicted 
normal value at each heart rate encountered. 
In the tracing recorded in the supine posi- 
tion, it was not possible to differentiate be- 
tween the T and U waves, which together 
produced a common complex (fig 1). 





Fic 1. Supine decubitus ECG, heart rate 85 (extrem- 
ity), 88 (precordial), showing normal P waves, P-Q 
interval, QRS complex, and S-T segments, and pro- 
longed Q-T interval (0.4 sec versus normal of 0.31 
and 0.29 sec). 
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Fic 2. Upper tracing: During attack, supine decubi 


mias. At that time, patient complained of fullness in 


upper limit of normal 0.45 sec at heart rate of 61 to 65 bpm). 


paroxysmal ventricular arrhythmias. 


According to a 12-hour continuous ECG de- 
cubitus recording, the sinus rhythm (fig 1) 
never continued for over 1 minute but 
showed paroxysmal ventricular arrhythmias 
(fig 2, upper tracing). The abnormally long 
Q-T interval persisted (about +47 percent 
of the predicted normal). At that time she 
complained of a sense of fullness in the 
chest. A Master's two-step ECG produced 
paroxysmal ventricular arrhythmias (fig 2, 
lower tracing) after 10 seconds. These ven- 
tricular arrhythmias with prolongation of 
Q-T interval did not respond to medical 
therapy by digitalis, propranolol, atropine, 
diphenylhydantoin, or phenobarbital. 


Left Stellate Ganglion Block. —1n the 
ECG (fig 3A) taken immediately before the 
left stellate ganglion block, the abnormal 
Q-T interval can be plainly seen. Block with 
5 ml of 1 percent lidocaine shortened the 
Q-T interval for about 10 minutes and elim- 
inated the ventricular arrhythmia for 35 
minutes (fig 3B). By 5 minutes after block, 
the Q-T interval became minimum. At that 
time, Horner's syndrome appeared maxi- 
mum, as did the amplitude of plethysmo- 
gram recorded from the left thumb. Table 
shows the time courses of the changes in 
Q-T interval after left stellate ganglion 
block. These effects were reproducible. 


DISCUSSION 


The association of a prolonged Q-T inter- 
val and syncopal attacks following emo- 
tional or physical stress represents a dra- 
matic and unmistakable clinical picture. If 
congenital deafness and/or episodes of alter- 





tus ECG, showing paroxysmal ventricular arrhyth- 
the chest. The Q-T interval is prolonged (0.66 sec, 
Lower tracing: An exercise ECG showing 


nation of the T wave occur, the diagnosis 
is even easier. The seriousness of long Q-T 
syndrome, however, is not the same in all 
patients: While some patients may have 
many syncopal attacks per month, others 
have a few per year, and still others have 
only one or two episodes in their entire 
lives.? 


Moreover, syncope is not always associ- 
ated with the Romano-Ward syndrome, a 
mild form of which includes transient palpi- 
tations, a feeling of fullness in the chest, 
apprehension, sweating, guarding of the ab- 
domen, moaning, and crying)? Our present 
case is probably of a mild form in the 
Romano-Ward syndrome. The possible mode 
of inheritance has been largely discussed in 
several papers.!?? However, all recognize 
the finding of patients whose immediate rel- 
atives have no deafness or other familial 
pattern of signs or symptoms. 


The long Q-T syndrome is provoked by 
abrupt increase in the sympathetic activity, 
which is likely to be nonuniform and mostly 
mediated through the left sympathetic up- 
per thoracic ganglia.? It follows, as already 
suggested,? a double therapeutic line: one 
less specific consisting of the treatment with 
beta-blockers, and one more specific consist- 
ing of the ablation of left stellate ganglion 
along with the first thoracic ganglia. 


In our present case, propranolol had no 
effect on the ventricular arrhythmia and 
Q-T interval, leading to the belief that sur- 
gical treatment is the most rational choice. 
As our patient refused surgical removal of 
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epu: ' E 
Fie 3. A. Immediately before the left stellate ganglion block, ECG recorded in decubi 


the left stellate ganglion, left stellate gan- 
glion block, in place of surgical removal, re- 
sulted in a definite shortening of the Q-T 
interval for about 10 minutes and in the dis- 
appearance of ventricular arrhythmia for 
35 minutes. 


Moss and MacDonald? obtained a Q-T 
prolongation with right stellate ganglion 
block and a shortening with left stellate 
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tus supine patient. 





d Е or : 


ganglion block. Dear* observed no change 
in the Q-T interval after either left stellate 
ganglion or right stellate ganglion block. 
Furthermore, several authors found a pro- 
longation of the Q-T interval both left and 
right stellate ganglion block.+!3 It was also 
reported that left stellate ganglion block in 
the cat was shown to produce significant 





*Dear W: Personal communication, 1974. 
James TN: Personal communication, 1974. 
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Fic 3. B. Ten minutes after left stellate ganglion block, ECG recorded in decubitus supine patient. The 
Q-T interval is apparently shortened (0.36 sec, upper limit of normal 0.39 sec at heart rate of 81 bpm). 


prolongation of the functional refractory pe- 
riod exclusively in the lateral and posterior 
left ventricle.!4 Randall and Rohse!? showed 
that the left stellate ganglion mediates 
mainly inotropic effects while the right stel- 
late ganglion mediates mainly chronotropic 
effects. 


Stellate ganglion block is not a simple 
maneuver. Usually performed through a 


blind procedure, there can be no certainty 
about the exact spread of the anesthetic. 
Moreover, performance of this procedure 
under local anesthesia is likely to frighten 
the patient, resulting in increased sympa- 
thetic activity. An attempted left stellate 
ganglion block can even lead to a prolonga- 
tion of the Q-T interval as a result of in- 
creased discharge through the ganglion, or 
from mechanical stimulation by the needle. 


»- * 
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TABLE 
Q-T Intervals Calculated by Bazett's 
Formula QT / /R-R— 0.368 
Upper Limit of Normal 0.45 sec at 
Heart Rate of 60 Beats per Minute. 





© 
Before 0.64 
1min. 0.48 
2 0.45 
5 0.41 
10 0.42 
15 0.53 
25 0.51 
30 0.53 





The appearance of Horner’s syndrome is 
sometimes believed to be the mark of an 
effective stellate ganglion block and, there- 
fore, of a block of cardiac nerves: On the 
contrary, it only indicates blockade of the 
fibers which traverse the upper part of the 
stellate ganglion, and may or may not be 
accompanied by effective blockade of fibers 
innervating the heart. In our present case, 
the effects of a left stellate ganglion block 
were reproducible but it was a short effect 
(about 10 minutes), with incomplete block- 
ade of cardiac fibers. 


Despite such difficulties, knowledge of the 
effectiveness of stellate ganglion block as 
an emergency measure in interrupting the 
threat of a long Q-T syndrome may prove 
life-saving in patients with Romano-Ward 
symptoms. 
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The Development of an Acute Tolerance to Ketamine 


JAMES F. CUMMING, MD, PhD* 


A rapidly developing tolerance to the hypnotic 
effect of ketamine in rats and mice has been 
investigated. On the basis of plasma and brain 
concentrations of ketamine at the time the 


Te rapid development of tolerance to 
central nervous system (CNS) depres- 
sion by a number of drugs has been re- 
ported. Drugs with which this effect has 
been associated include, among others, ethyl 
alcohol, pentobarbital? thiopental,.* glu- 
tethimide,® and diazepam.* Two of the ef- 
fects noted were a shortened sleeping time 
following repetition of the same dose of the 
drug, and an increase in the blood level 
required to produce an observed effect. 
Mirsky's group, in 1941, described this 
latter type of acute tolerance to ethanol in 
the rabbit and in man, and Brodie and col- 
leagues,? a decade later, showed that in the 
human, thiopental plasma levels on waking 
were higher after a large dose of the drug 
than after a smaller one. Ап acutely devel- 
oping tolerance to the effect of thiopental 
on the rate of cerebral О„ consumption has 
been described." 


For the past several years, a new short- 
acting IV anesthetic agent, ketamine, has 
been in clinical use. Animal experiments 
showed that, in monkeys, repeated injec- 
tions to a total of 6 did not result in a 
change in sleeping time.’ Extensive clinical 
experience seemed to indicate that repeated 
injections of the drug required little change 
in dosage and were not followed by any 
change in observed anesthetic time. 


While we were investigating this drug for 
possible enzyme inductive effects, a sharp 
decrease in the sleeping time of rats conse- 
quent to the 2nd injection of the drug was 
observed. 'The abrupt onset suggested a 
rapidly developed tolerance. We have inves- 
tigated this possibility. 


animals wakened, it seemed likely that a cen- 
tral nervous system tolerance to the drug ex- 
plained the shortened sleeping times noted. 


MATERIALS AND METHODS 


Animal Experiments.—Male rats weigh- 
ing between 190 and 250 gm, obtained from 
a local supplier, were housed in air-condi- 
tioned quarters and fed ad libitum on stand- 
ard laboratory feed. Groups of rats were 
given IP injections of ketamine (90 mg/kg), 
and their sleeping times measured from loss 
to regaining of the righting reflex. One 
group received only the initial injection, 
and from these brain and plasma samples 
were obtained at the time of recovery of the 
righting reflex. The samples were analyzed 
for ketamine concentration. Other groups 
were allowed to recover and then further 
injections of ketamine (90 mg/kg IP) were 
given at 5, 6, 24, 48, and 72 hours following 
the 1st injection. Brain and plasma samples 
were obtained at the time of recovery of 
the righting reflex at each time interval. All 
the animals used in a sequence of experi- 
ments came from the same shipment lot. 


Another set of experiments on male rats 
used a dose of 80 mg/kg IP of ketamine. 
'These animals were tested only for sleeping 
time at 24-hour intervals to a total of 5 
exposures. 


Other sleeping time studies used male 
mice of 20 to 30 gm weight given ketamine 
(100 mg/kg IP). Sleeping time was record- 
ed after the 1st, 2nd, 3rd, and 4th injections, 
administered at 24-hour intervals. 


Chemical Analyses.-— Ketamine concen- 
trations in plasma were estimated as previ- 
ously described. Brain samples were as- 
sayed by making a 25 percent homogenate 
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TABLE 
Sleeping Time, Brain and Plasma Levels of Ketamine and Brain 
to Plasma Concentration Ratio of Ketamine at Recovery of Righting 
Reflex in Male Rats Given Ketamine (90 mg/kg IP) at the Indicated Times 























Brain concentrations Plasma concentrations Broin/ 
Time of of ketamine on of ketamine on plasma 
injection injection, Sleeping time recovery of righting recovery of righting ratio of 
number hours n + SEM, min n reflex + SEM, ug/g n reflex + SEM, ug/ml ketamine 
1 0 47 28.7 + 1 18 12.04 + 0.79 17 2.84 + 0.25 4.25 
2 24 39 17.4 + 1* 24 13.73 + 0.787 24 3.68 + 0.27* 3.74 
3 48 18 14.1 + 1* 12 14.15 + 1.81 13 4.3 + 0.63* 3.3 
4 72 5 16.2 + 2.9* 5 15.34 + 3.367 5 3.59 + 0.35* 4.27 
*Differs from 1st injection р<0.05. 
tDiffers from 1st injection р<0.1. 
(w/v) of brain in KCl 1.15 percent. To 6 "m SLEEPING TIME M з 
ml of the homogenate was added 3 ml of > a 
20 percent metaphosphoric acid. This was ИД BRAIN CONCENTRATION 3 
shaken on a vortex mixer, then centrifuged. 30 | PLASMA CONCENTRATION 24 о 
Supernatant (5 ml) was placed in а теас- 22. o 
tion vessel containing 15 ml of chloroform Т 25| J2 s 
and 20 „g of pheniramine maleate as an E 8 o 
internal standard. NaOH (10 N) 0.5 ml е 20r 7'8 3 
was added to make the mixture strongly E 14 3 
alkaline. From this point, treatment was as e !5r 12 4 
described earlier? for the assay of ketamine a ' 0g 
in plasma. Standard curves were construct- 5 bc Js E 
ed for each day's determinations from the ^ sL 44 3 
results of known concentrations of ketamine Je о 
in brain homogenate subjected to the same o 0 à 
procedure. The peak height ratio of keta- TIME (hrs) O 5 = 


mine to internal standard related linearly 
to ketamine concentrations. 


RESULTS 


The results of repeated injections of keta- 
mine into rats at 24-hour intervals for 4 suc- 
cessive doses are summarized in the table. 
Sleeping time decreased abruptly (26%) 
between the Ist and 2nd doses. A further 
but lesser decrease occurred between the 
2nd and 3rd exposures. The decrease in 
sleeping time was accompanied by an in- 
crease in the brain and plasma ketamine 
levels at the time of wakening. Differences 
between initial values of each parameter 
and subsequent values at each exposure were 
significant, as indicated in the table. The 
brain/plasma ratio at wakening showed an 
initial decrease, but returned to its original 
value on the 4th exposure. 


Figures 1 and 2 illustrate the changes in 
sleeping time and brain and plasma keta- 
mine levels on waking between the Ist ex- 
posure and a repeated injection at 5 and at 
6 hours. When a 2nd injection of ketamine 
was given 5 hours after the Ist, the animals 
slept a significantly longer time following 


FIRST INJECTION SECOND INJECTION 


Fic 1. Sleeping time, waking brain and plasma 
concentration of ketamine in rats following the 1st 
and 2nd injections of ketamine (90 mg/kg IP) 
5 hours apart. 





| sccerine time 
BRAIN CONCENTRATION 
EE PLASMA CONCENTRATION 
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Sleeping Time (min.) 


о 4 
TIME (hrs)-^ О 6 


FIRST INJECTION SECOND INJECTION 
Fic 2. Sleeping time, waking brain and plasma 
concentration of ketamine in rats following the 1st 


and 2nd injections of ketamine (90 mg/kg IP) 
6 hours apart. 
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the 2nd injection (p<0.025). The waking 
brain and plasma levels after the 2nd expo- 
sure were not different than after the Ist 
(p<0.2, р<0.3). When the 2nd injection 
was given 6 hours after the 1st, sleeping 
time was now decreased slightly. The dif- 
ference between overall means was not sig- 
nificant, but between values where a paired 
t-test was possible, the difference was high- 
ly significant (p<0.025). Waking brain and 
plasma levels were significantly higher than 
after the Ist injection (p<0.01). 


Figure 3 illustrates the effect of consecu- 
tive injections of ketamine, 80 mg/kg IP, 
on the sleeping time of rats. The decline in 
sleeping time noted, particularly between 
the 1st and 2nd injections, is similar to 
that noted when a dose of 90 mg/kg IP was 
given. 


Mice respond to repeated injections of 
ketamine in a manner paralleling the re- 
sponse of rats (fig 4). Sleeping time de- 
creases sharply between the 1st and 2nd 
doses and also between the 2nd and 3rd 
doses. 'The sleeping time after the 4th dose, 
however, is not significantly different than 
that after the 2nd dose. 


DISCUSSION 


The development of an acute tolerance to 
ketamine, evident in the present work, and 
to other CNS depressants reported else- 
where by others," could be explained in 
various ways: by an increase in ability to 
biotransform the agent; by an alteration in 
the blood-brain barrier to the drug; or by 
an increase in resistance of CNS cells to 
the effect of the drug. An alteration in abil- 
ity to biotransform the drug seems unlikely, 
since the onset of induction of drug-metab- 
olizing enzymes is a relatively slow process 
compared with the rapid onset of the acute 
tolerance witnessed here. Early work done 
at the Parke-Davis Company* also showed 
that repeated parenteral doses of ketamine 
НСІ administered to rats did not increase 
the N-demethylating capacity of the hepatic 
microsomal enzymes. Further, if a more 
rapid metabolism were the cause, there is 
little reason to expect a change in waking 
plasma and brain concentrations of the drug. 
A change in the blood-brain barrier is pos- 
sible, but does not seem likely in view of 
the very rapid onset of anesthesia in all 
species given the drug IV. 


The table does show some variation in 
the brain/plasma ratio between control and 





*Unpublished data. 
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Fic 3. Sleeping time of rats following 5 successive 
doses of ketamine (80 mg/kg IP) at 24-hour 
intervals. 
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Fic 4. Sleeping time of mice following 4 suc- 
cessive doses of ketamine (100 mg/kg IP) at 24-hour 
intervals. 


previously exposed animals. The deviations 
do not explain the higher waking brain con- 
centrations of ketamine in the latter animals, 
and the ratio returns to that of the control 
animals at a time when the animals are 
still sleeping a shorter time and waking with 
higher brain concentrations. A change in 
blood-brain barrier would not be expected 
to alter the waking brain concentrations of 
the drug. By contrast, if the neurons of the 
CNS became rapidly resistant to the effect 
of the drug, a higher plasma and brain level 
on waking would be expected. This explana- 
tion would seem to fit best the data pre- 
sented here. 


Rapidly developing accommodation to the 
CNS effects of many sedatives and hypnot- 
ics has been reported. In Mirsky’s investiga- 
tion of the effect of ethanol in the rabbit 
and in man,! the effect of the drug in both 
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species (coma in the rabbit, drunkenness 
in man) disappeared while blood levels of 
ethanol were considerably above those noted 
at the onset of the effect. In both species, 
repeated administration of the drug showed 
that higher levels were required to produce 
the same effect at each subsequent exposure. 
In the rabbit, the repetition could be car- 
ried to several exposures, each resulting in 
a further rise of blood ethanol at which 
symptoms disappeared. 


The work presented in this paper demon- 
strates a similar response. As shown in the 
table and in figures 3 and 4, subsequent 
exposures to ketamine in both rats and mice 
resulted in progressively shorter sleeping 
times to at least 3 administrations. A similar 
response to repeated injections of thiopental 
was noted іп the male rat by Singh.!^ These 
observations all indicate that the limit of 
tolerance is not reached after 1 or even 2 
moderate doses of the drugs used. Larger 
doses appear to elicit a greater response. 
This conclusion was also indicated in earlier 
work by Brodie? and by Dundee’s group.* 


Barnett and Fiore? showed the develop- 
ment of a tolerance to diazepam in cats by 
testing the linguomandibular reflex. Their 
experiments indicated the tolerance was due 
to a metabolite of diazepam, which presum- 
ably had a good affinity for the same CNS 
receptors as diazepam, but had a much 
weaker agonist effect and therefore acted 
as a partial antagonist to diazepam. 


In the experiments here, a similar ex- 
planation might pertain. The biotransfor- 
mation products of ketamine are presumed 
to be pharmacologically inactive, and they 
are also excreted in both urine and feces. 
The original investigative work by the 
Parke-Davis Company* showed that about 
74 percent of an IP dose in the rat appeared 
in the urine and feces by 24 hours (as 
measured by radioactivity). It therefore 
seems unlikely that competition for recep- 
tor sites by an inactive metabolite would ex- 
plain the shortened sleeping time observed 
in this work, following subsequent doses of 
ketamine at 24-hour intervals. Such an ex- 
planation might be postulated for the toler- 
ance which developed by 6 hours. 


The time required to demonstrate a toler- 
ance in this work was 6 hours. Animals 
reinjected at 5 hours slept longer than after 
their Ist exposure (fig 2). It is possible 
that there was a residual effect from the 
1st dose still present by 5 hours which could 


*Unpublished data. 
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account for the increased sleeping time. The 
data presented here do not suggest any defi- 
nite mechanism. At 6 hours after an initial 
dose, a 2nd dose of ketamine resulted in a 
shortened sleeping time, apparently by a 
mechanism of CNS tolerance to the drug, 
since the animals were waking with higher 
brain and plasma levels of ketamine (fig 3). 
Singh!" reported that a minimum of 4 hours 
was required for female rats to develop 
tolerance to thiopental, a time quite similar 
to that observed here. 


This work demonstrates a rapidly devel- 
oping tolerance to the CNS-depressant ef- 
fect of ketamine. The degree of the toler- 
ance is of modest dimension, but was dem- 
onstrated in rats at 2 different dosage levels 
and in a different species (mice). The toler- 
ance to ketamine resembles the tolerance to 
a number of other CNS depressants and 
seems to represent an unidentified adapta- 
tion of CNS neurons which permits them to 
accommodate to the presence of a depres- 
sant drug. 
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Premedication with lorazepam (4 mg), diaze- 
pam (10 mg), and a placebo was compared in 
a randomized, double-blind study of 95 adult 
surgical patients. Comparisons were made of 
recall of a memory card and events of the 
operative day, relief of anxiety, degree of som- 
nolence, effects on blood pressure and heart 
rate, and incidence of side effects. Lorazepam 


Ur arrival in the operating room, the 
patient should be calm and sedated, 
yet alert enough to be cooperative. Amnesia 
for the events of the operative day is also 
desirable. Premedicant drugs are com- 
monly used to achieve these goals. They 
may in turn produce cardiorespiratory de- 
pression. With these points in mind, we 
compared lorazepam, a newer benzodiaze- 
pine, with diazepam and a placebo for pre- 
anesthetic medication. Premedication is usu- 
ally given intramuscularly by a nurse on 
the hospital ward. Therefore, this route was 
chosen, although previous studies of oral! 
and IV? lorazepam premedication have been 
reported. 


The widely used 1,4 benzodiazepines, 
chlordiazpoxide and diazepam, have the de- 
sirable premedicant properties of hypnosis, 
sedation, anxiolysis, antegrade amnesia, and 
a wide margin of safety.?: Lorazepam, а 
newer member of this group of drugs, has 
the above properties but supposedly differs 
from diazepam in its longer duration of ac- 
tion and greater production of antegrade 
amnesia.! Diazepam (10 mg) IM has been 
shown to produce antegrade amnesia in 3 
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produced a significant lack of recall (ante- 
grade amnesia) compared to the other agents. 
Lorazepam produced a greater antianxiety ef- 
fect than placebo and a greater degree of som- 
nolence than diazepam or placebo. Since no 
adverse effects on blood pressure or heart rate 
occurred, lorazepam appears to show promise 
as a premedicant. 


percent of patients. Diazepam (0.24 mg/ 
kg) IV was shown to produce a short period, 
10 to 20 minutes, of lack of recall on all 
patients tested.» Lorazepam given IV for 
premedication produced a significant lack 
of recall at 3 mg, but 5 mg was associated 
with a high incidence of side effects.? 


Evaluation of the efficacy of premedica- 
tion is both subjective and objective. The 
patients’ anxiety, apprehension, and state 
of consciousness and cooperation can be 
rated by both observer and patient. An im- 
portant subjective measure is the patient’s 
degree of recall of the event and his overall 
impression of the experience.5 This concept 
was used in our study. 


METHODS 


After obtaining informed consent,§ 95 
adult surgical patients, who verbalized anxi- 
ety about their forthcoming surgical experi- 
ence, were admitted to the study. Medica- 
tion was administered IM in a randomized 





$These studies were reviewed and approved by the 
Northwestern University-Northwestern Memorial 
Hospital Institutional Review Board. 


Medical School, and Northwestern Memorial Hos- 
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ANXIETY CHART 





а. 
Less 
О Same 
More 
Scoring 
Fic 1. a. Chart containing no numbers, shown 


to patients to measure a change in degree of anxiety. 
b. Chart used to score change in anxiety level, based 
on point indicated by the patient in a. The baseline 
represents the same level of anxiety; above the 
baseline, less; below the baseline, more anxiety. 


and controlled double-blind experimental 
design. 


Patients were divided into 3 groups: 
group I received lorazepam (4 mg); group 
II received diazepam (10 mg); group III 
received a placebo consisting of benzyl alco- 
hol, polyethylene glycol, and propylene gly- 
col the vehicle for lorazepam. The only 
other premedicant used was atropine sulfate 
(0.4 mg to 0.6 mg), as needed. 


Recall was measured by a memory card, 
a large picture of a dollar bill, shown to the 
patient 120 minutes after injection. The 
day following the operation, patients were 
asked if they could recall this card. If they 
could not, they were shown a composite 
picture containing the dollar bill and seven 
other pictures. 'They were then asked if they 
had seen any of these pictures the previous 
day and whether they could remember cer- 
tain events of the operative day. These 
events did not occur at the same interval 
after injection in all patients. 
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Relief of anxiety, using the chart shown 
at a, figure 1, was evaluated in the patient's 
room 60 minutes after injection. The mid- 
point of the vertical line represented the 
anxiety level prior to premedication. The 
patient was then asked to evaluate changes 
in anxiety by indicating a point on the 
vertical line. We recorded this point on a 
similar chart which contained cross-lines 
(b, fig 1) showing percentages of improve- 
ment or worsening. These values were then 
scored respectively as 1+, 2+, 3+, and 4+ 
or 1—, 2—, 3— and 4—. 


The degree of somnolence was rated by 
one of the investigators (NC) as none, som- 
nolent (drowsy but awake), and.markedly 
somnolent (asleep but arousable). This was 
evaluated at 60 and 120 minutes postinjec- 
tion. 


A visit was made 24 hours postoperatively 
at which time patients were asked to evalu- 
ate the premedication as excellent, good, 
fair, or not acceptable; asked if the premedi- 
cation made them sleepy or drowsy; exam- 
ined for abnormalities at the injection site; 
and observed for any other adverse effect. 
Our impression of the premedication was 
then rated as satisfactory or unsatisfactory. 


Blood pressure was measured by the Riva- 
Rocci method and heart rate was determined 
by counting the radial or temporal pulse. 
These were measured and recorded prior to 
injection, at 60 and 120 minutes postinjec- 
tion, prior to induction of anesthesia, during 
anesthesia, in the recovery room, and at the 
time of the postoperative visit. Data were 
compared by chi-square analysis. Lorazepam 
patients were compared with patients in 
each of the other groups when analyzing 
recall data. 


RESULTS 


The groups were homogeneous for age, 
weight, height, and sex (table 1) and were 





TABLE 1 
Demography 

Group I Group li Group ЇН 
Total number of patients 32 32 31 
(sex) (12M, 20F) (11M, 21F) (8M, 23F) 
Mean age, yr 40.6 41.1 46.8 
(range) (20-64) (22-65) (23-63) 
Mean weight, kg 67 64 66 
(range) (40-91) (45-91) (42-91) 
Mean height, cm 170 165 165 
(range) (150-188) (152-188) (152-185) 
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RECALL OF EVENTS 24 HOURS POST-INJECTION 


© Group I - Lorazepam, 4 mg. 
08 Group I- Diazepam, iOmg. 
Group Ш - Placebo 

= p«OOl 

* p<0.05 








Leaving Hospital Room 
Move to OR. Table 
Anesthesia Mask 
s 
Leaving Recovery Room 








Entering OR 





IV. Needie 





Trip to OR. 








Percent of Patients Failing to Recall 
л 
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Fic 2. Percent of patients in each group failing 
to recall specific events of operative day. 
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Fic 3. Percent of patients in each group who 
failed to recall the memory card. 
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Fic 4. Percent of patients, from figure 3, who 
did not recall memory card and subsequently did 
not recognize it in a composite picture. 
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also homogeneous for race, ASA physical 
status, anesthetic medications, muscle relax- 
ants, other intraoperative medications re- 
ceived, medications given in the recovery 
room, and types of surgical procedures. 


Some patients who inadvertently received 
additional benzodiazepine in the operating 
room were dropped from the study except 
for the preoperative antianxiety evaluation. 
Two were dropped from the antianxiety 
study because they were brought to the oper- 
ating room before 60 minutes had elapsed. 


Approximately half the patients receiv- 
ing lorazepam failed to recall most of the 
events of the day of operation (fig 2), while 
recall in groups II and III was extremely 
high. 


Presentation of the memory card was the 
only event which occurred at the same 
interval after injection in all groups. Failing 
to recall the memory card (fig 3) were 22/29 
in group I, 8/29 in group II, and 2/25 in 
group III. АП patients in groups II and III 
who claimed not to recall the memory card 
did recognize it in the composite (fig 4). 
Of group I patients, 13/29, or 45 percent, 
failed both to recall the memory card and 
to recognize it in the composite. 


Anxiety scores and the cumulative per- 
cent of patients at each score or higher were 
compared by patients and groups (table 2). 
A statistically significant difference was 
seen when lorazepam was compared with 
placebo (y? = 5.003, p<0.05). No difference 


TABLE 2 


Anxiety Scores 
(60 minutes postinjection) 








Group 1 Group Н 
Anxiety lorazepam, Diazepom, Group НІ 
scores 4 mg IM 10 mg IM Placebo IM 
+4 2 (7) 1 (3) 1 (3) 
+3 4 (20) 3 (12) 1(6) 
+2 11 (55) 11 (46) 6 (26) 
+1 7 (78) 5 (62) 6 (46) 
0 6 (97) 11 (96) 15 (96) 
1— 1 (100) 1 (100) 0 (96) 
2— 0 0 1 (100) 
Median 
score +2 +1 0 
Total 
number of 
patients 3i 32 30 


€) Cumulative percent of total. 
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TABLE 3 
Physician's Evaluation of Somnolence 
Group | Group lI 
Time of Degree of Lorazepam, Diazepam, Group 11 3 
evaluation somnolence 4 mg IM 10 mg IM Placebo IM X f value 
60 minutes during No somnolence 16 (55.2) 24 (82.8) 20 (95.2) 
anxiety testing 
Somnolent 5 (17.2) 5 (17.2) 1 (4.8) 18.37 0.001 
Marked somnolence 8 (27.6) 0 0 
120 minutes at No somnolence 17 (58.6) 27 (93.1) 21 (100) 
time mem 
card was shown Somnolent 9 (31.0) 2 (6.9) 0 841 0.001 
Marked somnolence 3 (10.4) 0 0 





( ) Percent of total in group. 








TABLE 4 
Patient Acceptance of Premedication 
Group | Group I! Group Il 
lorazepam Diazepam Placebo 
Excellent 15/29 8/29 5/25 
Good 11/29 15/29 10/25 
Satisfactory 2/29 2/29 1/25 
Unsatisfactory 1/29* 4/291 9/251 





*Considered unsatisfactory because injection was 
painful. 


Considered unsatisfactory because not calm when 
brought to OR. 


was seen in comparing diazepam with either 
lorazepam or placebo. 


No marked somnolence was seen in 
groups II and III at 60 and 120 minutes (ta- 
ble 3). Group I patients were sleepier than 
those in either of the other groups but were 
able to cooperate on command. When pa- 
tients were asked the next day if the pre- 
medication made them sleepy or drowsy, 
17/29 in group I said “yes,” while this was 
true of only 7/29 patients in group II and 
6/25 patients in group III. 


Patient acceptance of lorazepam premedi- 
cation was high, 26/29 rating it as excellent 
(15) or good (11) (table 4). We judged 
27/29 patients in group I, 25/29 in group II, 
and 14/25 in group III to have satisfactory 
premedication. Patients were judged to 
have unsatisfactory premedication if they 
appeared nervous when entering the operat- 
ing room. Thus, lorazepam and diazepam 
both produced objectively satisfactory seda- 
tion in a significantly higher (p<0.01) per- 
centage of patients than did placebo, but 
did not differ between themselves. 


Similar blood pressure and heart rate 


changes occurred in each group of patients 
and no change was great enough to require 
treatment. No adverse effects attributable 
to premedication were seen in any patient 
in the preoperative period or during the 
postoperative period the day of operation. 


DISCUSSION 


'The most striking feature of lorazepam is 
lack of recall of events occurring between 
1% and 6 hours after injection. About 50 
percent of the patients receiving lorazepam 
had amnesia for most events. The event 
having less recall than other concurrent 
events, for groups П and III, was showing 
the anesthesia mask. Leaving the recovery 
room was also poorly remembered, probably 
due to the combination of premedication, 
anesthetic agent residual, and postoperative 
medication effects. Recall was greatest when 
a long time elapsed between lorazepam in- 
jection and entrance to the operating room. 


The dollar-bill picture has been shown 
to be a strong stimulus to memory,? yet 45 
percent of the lorazepam patients had total 
amnesia for this memory card, as demon- 
strated by lack of recall and lack of recog- 
nition from the composite picture. This was 
not so for any patients in the other groups. 
Diazepam did not demonstrate any more 
amnesic effect than placebo. Inability to 
recall events of the operative day was a 
desirable property and none of the patients 
felt unfavorably about this when seen 24 
hours later. Patient acceptance was greater 
for lorazepam. 


Is lack of recall a desirable property of 
a drug? Not all patients may want amne- 
sia, if they know they can undergo an opera- 
tion without pain. Further, it may be con- 
sidered disadvantageous to have retrograde 
or prolonged amnesia. This and previous 
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studies! 5 have shown that lorazepam pro- 
duced only antegrade and not prolonged 
amnesia. 


While objective measurements are too in- 
volved to be used in this type of study, 
lorazepam (4 mg) was shown to be anxio- 
lytic at least to the same degree as diazepam 
(10 mg) and superior to placebo. The num- 
ber of patients claiming some relief of anx- 
iety correlates well with the number rating 
the medication excellent or good in each 
group. 


Since more patients claimed relief of anx- 
iety than were somnolent at 60 minutes post- 
injection, relief of anxiety appears to be 
a different effect from somnolence in some 
patients. The greatest degree of somnolence 
was seen 60 minutes postinjection, in older 
patients and in those of small stature. Al- 
though somnolence was greater with loraze- 
pam, more patients in each group thought 
they were somnolent than were observed 
to be. 


Despite lorazepam's long duration of ac- 
tion, no patient had adverse circulatory or 
respiratory effects in the recovery room or 
during the first postoperative day. When 
premedication is ordered “оп call," the pa- 
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tient may be brought to the operating room 
before the medication has time to act. Its 
effects may either complicate, or be masked 
by, anesthesia. Premedication with loraze- 
pam well in advance of induction would 
obviate this problem and is feasible, due to 
its long duration of action. 
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ESOPHAGEAL OBTURATOR. The esophageal obturator airway (EQOA) may offer 
a useful approach to ventilation management during cardiopulmonary resuscitation. 
To quantitate its usefulness arterial blood gases were measured in 18 apneic patients 


ventilated with an EOA in place. 


PaO. greater than 64 torr (Е.О, 0.4-1.0) was 


achieved in 11 of 12 patients with supraventricular cardiac rhythms and greater than 
77 torr in 3 of 6 patients still requiring external cardiac massage at the time of 
measurement. Arterial oxygenation did not improve significantly following tracheal 
intubation but there was a trend for PaCOz to decrease as compared with ventilation 
via the EOA. The adequate oxygenation achieved in most patients suggests that the 
EOA is a useful adjunet to cardiopulmonary resuscitation when tracheal intubation is 
not feasible. (Schofferman J, Oill P, Lewis AJ: The esophageal obturator airway. Chest 


69 :67-71, 1976) 
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The activity and isoenzymes of creatine phos- 
phokinase (CPK) in the serum of 2 women 
vulnerable to malignant hyperpyrexia were 
Studied. Serum CPK activity was markedly 


(unease to malignant hyperpyrex- 
ia (MH) can be determined by estima- 
tion of serum creatine phosphokinase (CPK) 
activity. However, because of the many 
possible causes of elevated serum CPK, in- 
cluding intramuscular injections, physical 
activity, trauma, and alcoholism, it is haz- 
ardous to rely too heavily on determinations 
of serum CPK activity in assessing vulner- 
ability to MH. Examination of pathologic 
changes in skeletal-muscle fiber and of sub- 
terminal motor nerves may be of value, but 
such changes are nonspecific’? and exam- 
ination of subterminal motor nerves is not 
routinely feasible. 


There are 3 major isoenzyme types of 
CPK: skeletal-muscle, cardiac-muscle, and 
brain type, each so named because of the 
organs in which they are most abundant.’ 
'The report of Zsigmond's group? of excessive 
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elevated but, in contrast to a previous report, 
only skeletal-muscle type CPK activity was 
present. 


levels of brain-type CPK in the serum of 
21/23 individuals possibly vulnerable to 
MH and in skeletal muscle of 8/9 such 
individuals is therefore of considerable im- 
portance. In no other disease has brain-type 
CPK been reported to be so persistently 
present in serum. 


Anido and associates!" found large 
amounts of brain-type CPK in the serum of 
3 patients during episodes of MH, when 
serum CPK activity was greatly increased. 
This is to be expected because of the mas- 
sive brain and muscle damage. However, 
they did not study serum CPK isoenzymes 
in people vulnerable to MH. Small amounts 
may be transiently present after severe brain 
trauma.!! Indeed, it has recently been re- 
ported,!? and we have confirmed,!? that 
brain-type CPK is unstable in serum both 
in vitro and in vivo, being rapidly converted 
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to a species which migrates like skeletal- 
muscle type CPK during electrophoresis. 
Nealon and Henderson!* reported that 
brain-type CPK is unstable at the tempera- 
tures used for incubation to detect enzyme 
activity following electrophoresis. We there- 
fore studied the mechanism by which brain- 
type CPK was stabilized in serum of MH- 
vulnerable patients. We have found no pub- 
lished confirmations of Zsigmond's report? 
that brain-type CPK is present in the serum 
or muscle of such patients. 


SUBJECTS AND METHODS 


We located only 1 family with document- 
ed familial MH, 1 member of which has 
been previously described.!? In brief, a male 
member in 3 generations of this family has 
expired with muscle rigidity and high fevers 
during or immediately after operation. In 
vitro study of a skeletal-muscle biopsy spe- 
cimen from 1 member of the family re- 
vealed the development of excessive muscle 
tension in response to caffeine, with or with- 
out halothane, a phenomenon characteristic 
of MH.!* We obtained serum samples from 
that member, age 44, her sister, age 41, her 
mother, age 69, and her daughter, age 19. 
'The father and brother of these sisters died 
with MH, as did the son of one of them. 


CPK activity was determined by Rosalki's 
method! with reagents from Calbiochem.* 
'The upper limit of normal for white females 
is 50 mU/ml.!* 


'The isoenzymes of serum CPK were stud- 
ied by 2 methods: (1) Isoenzyme separa- 
tion was initiated within 1 hour of removing 
a venous blood sample. The samples were 
kept at ice-bath temperature prior to use. 
Three „L of serum were electrophoresed on 
agarose gels (Pfizer pol-E-film) for 30 min- 
utes and the isoenzymes identified by incu- 
bation with Rosalki reagents containing 
NAD+? instead of NADP,t and examined 
for fluorescence.!? (2) A 1-ml aliquot of 
serum was used for DEAE-Sephadex-A-50 
column chromatographic separation of CPK 
isoenzymes by the method of Mercer.!? 
Rat-brain and skeletal-muscle extracts were 
studied simultaneously, to assure the re- 
liability of these methods. 


RESULTS 


Serum CPK activity in the 2 sisters was 
351 and 437 mU/ml, respectively. Both 


*Calbiochem: CPK Stat-Pack, La Jolla, California 
92037. 

+Nicotinamide adenine dinucleotide. 

iNicotinamide adenine dinucleotide phosphate. 
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TABLE 


Recovery of Serum CPK Activity in 
Eluate of DEAE-Sephadex Columns 





CPK ac- 
tivity Total CPK activity (mU) 
(mU/ml) Fractions 
Sample Total 1-2 3-8 9-10 
Serum #1 351 306 10 0 
Serum £2 437 365 28 0 
Brain extract 845 10 50 756 


Muscle extract 765 690 0 0 


levels are sufficiently elevated that concen- 
tration of the serum was not considered 
necessary for separation of the isoenzymes. 
The serum CPK activity of the daughter 
and mother was 31 and 29 mU/ml, respec- 
tively; they were not further studied. 


By both electrophoresis and column chro- 
matography, only skeletal-muscle type CPK 
activity was identified in the serum of both 
subjects. Not even a faintly fluorescent 
band was noted in the gels in the region 
where brain-type CPK fluorescence was 
present in the brain extracts. Similarly, 
CPK activity was detectable only in frac- 
tions 1 and 2 of the DEAE-Sephadex col- 
umns, the region where skeletal-muscle type 
CPK is expected. Fractions 9 and 10, where 
brain-type CPK is present, were devoid of 
activity (table). Brain-type and skeletal- 
muscle type CPK were readily detected in 
the brain and muscle extracts. 


DISCUSSION 


Based on the family history and the study 
of skeletal muscle response to caffeine in 
one of these sisters, it seems highly prob- 
able that these 2 individuals would be con- 
sidered typical cases of vulnerability to MH, 
yet only skeletal-muscle type CPK was 
present in the serum samples of the 2 sis- 
ters. Therefore, the absence of brain-type 
CPK in their serum cannot be attributed to 
misdiagnosis, by current criteria. It is con- 
ceivable, however, that there is heterogene- 
ity in the group of people vulnerable to MH, 
such that brain-type CPK is found in the 
serum of only some people vulnerable to 
MH. 


It is unlikely that a lack of sensitivity in 
our procedures for identification of brain- 
type CPK accounted for the difference be- 
tween our results and those of Zsigmond.? 
We have found* that both the fluorescent 


*Cho HW: Unpublished results. 
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method and the DEAE-Sephadex chromato- 
graphic method are at least as sensitive 
for determination of CPK isoenzymes as 
the tetranitro-blue tetrazolium, phenazine- 
methosulfate, AMP method employed by 
Zsigmond. Nonspecific staining can occur 
with that technic because of the so-called 
“nothing dehydrogenease reaction,"!? which 
can be avoided with the fluorescence meth- 
od. 


It is also unlikely that because of a delay 
in initiating electrophoresis or column chro- 
matography, the brain-type CPK was trans- 
formed into a species resembling skeletal- 
muscle type CPK described by Frotscher!? 
and by Cho.!3 It is not clear from Zsigmond’s 
report whether the serum samples were 
handled after delay or perhaps frozen prior 
to use. In either case, brain-type CPK 
should have been lost rather than gained if 
transformations took place. 


The serum and muscle isoenzymes of 
CPK of more people vulnerable to MH will 
have to be studied before the true incidence 
of brain-type CPK in this disorder is deter- 
mined; in the meantime, it should not be 
considered necessary for the diagnosis of 
MH. Britt* also failed to observe brain-type 
serum CPK in the serum of an unspecified 
number of patients with MH. Should brain- 
type CPK be demonstrable in the serum of 
MH-vulnerable patients, it would be inter- 
esting to investigate the reasons for stabil- 
ity of this ordinarily unstable isoenzyme in 
their serum.!?.13 
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Naloxone Antagonism After Narcotic-Supplemented Anesthesia 


BENJAMIN J. KRIPKE, MD* 
ALBERT J. FINCK, MD} 
NARENDRA K. SHAH, MDE 
JOHN C. SNOW, MD§ 


Boston, Massachusetts | 


Narcotic-supplemented balanced anesthesia is 
increasing in popularity; however, the narcotic 
must frequently be antagonized postoperative- 
ly. Authorities differ in their recommendations 
as to dose and as to mode and duration of 
administration of the narcotic antagonist. In 
the present study of 58 patients undergoing 
narcotic-supplemented anesthesia, 60 percent 
of 42 fentanyl patients and 81 percent of 16 
morphine patients required postsurgical nalox- 
one for respiratory inadequacy. Naloxone dos- 
age was initially 1.5 «g/kg IV, with repeat IV 
doses of 1.5 ug/kg, when needed, at 3-minute 


HE use of balanced anesthesia, with large 

doses of opioids to supplement N.O-O,, 
hypnotics, and muscle relaxants, is increas- 
ing. Seven factors contribute to the popular- 
ity of this procedure: (1) minimal circula- 
tory depression and morbidity with high- 
risk patients;! (2) a nonexplosive anesthetic 
approach with the expanding intraoperative 
use of cautery and electronic monitoring; 
(3) the use of epinephrine for local vaso- 
constriction; (4) elimination of the risk of 
renal and hepatic toxicity associated with 
halogenation and biotransformation of the 
volatile anesthetics, especially with multiple 
operations within a short time; (5) facilita- 
tion of management of controlled respira- 
tion; (6) availability of satisfactory methods 
for monitoring the degree of patient weak- 


*Professor and Associate Chairman. 
+Associate Professor. 
tAssistant Professor. 


§ Professor. 


intervals, until a regular respiratory rate >15 
breaths/min was attained. None of the fen- 
tanyl patients and only 25 percent (4/16) of 
the morphine patients required additional na- 
loxone in the recovery room. For the latter, 
the dose of naloxone previously administered 
was given IM and proved satisfactory. Addi- 
tional analgesia was needed by 12 percent 
(7/58) of the patients during the recovery- 
room stay. Judicious naloxone titration per- 
mitted respiratory adequacy to coexist with 
analgesia after narcotic-supplemented anes- 
thesia. 


ness and assessment of recovery from cu- 
rare; (7) rapid reversal of narcotic effect 
with the new antagonist, naloxone. 


Various naloxone regimens have been pro- 
posed to counter the undesirable respiratory 
depression associated with large doses of 
narcotics.?? Our investigation undertook to 
study the use of naloxone after moderate 
doses of a short-acting narcotic, fentanyl, 
and a long-acting narcotic, morphine. 


MATERIALS AND METHODS 


Subjects were 58 adults scheduled for 
elective nonthoracic surgery and for whom 
a balanced anesthesia technic was recom- 
mended. Informed consent was obtained af- 
ter consultation. 
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All patients were premedicated with pen- 
tobarbital (75 to 100 mg IM) and atropine 
(0.5 mg IM), 1 to 1% hours before opera- 
tion. In addition, they received droperidol 
to a maximum of 125 mg (0.17 mg/kg), 
thiopental (3 to 4 mg/kg), N,O-O, (3:2), 
succinylcholine (1 mg/kg) for intubation, 
and d-tubocurarine (0.3 to 0.5 mg/kg) or 
pancuronium (0.06 to 0.08 mg/kg) for mus- 
cle relaxation. In all patients, the motor 
response to ulnar-nerve stimulation was 
evaluated by Block-Aid? monitor. Relax- 
ants were reversed with up to 15 „g/kg of 
atropine and 35 „g/kg of neostigmine IV, 
given + 10 minutes before the end of the 
surgical procedure. 


Forty-two patients received fentanyl (0.35 
mg IV) within 20 minutes of induction and 
0.05 mg every 20 minutes thereafter or ear- 
lier, if clinically warranted, and 16 received 
morphine (0.5 mg/kg) within 30 minutes 
of induction. Ventilation was controlled to 
maintain intraoperative Paco. between 32 
to 36 torr. 


At the conclusion of operation, muscle 
contraction to tetanic stimulation was noted, 
and N.O was washed out with 100 percent 
O, for 5 minutes. Subsequently, the patient 
was tapped on the forehead and called by 
name. All opened their eyes and breathed 
on command. If the spontaneous respira- 
tory rate exceeded 15/min, the patient was 
extubated; otherwise naloxone (1.5 ug/kg) 
was injected IV every 3 minutes until this 
rate was achieved. 


All patients received humidified O. by 
nasal cannula at 5 to 8 L/min during the 
recovery-room stay. Pulse rate, indirect 
blood pressure by cuff, and respirations were 
recorded every 5 minutes. Nursing routine 
consisted of dressing observation, positional 
changes, and patient questioning for pain, 
every 15 minutes. If pain was present, an 
analgesic was administered. Hourly, arterial 
blood was drawn and analyzed for Рао., 
Paco», pH, and calculated HCO,.* 


All patients were observed for at least 3 
hours and received an IM dose of naloxone 
equal to that which stimulated respiration 
originally, or 1.5 „g/kg IM if the patient 
had not received naloxone in the operating 
room, whenever any of the following condi- 
tions existed: 


1. Unable to be aroused; 
2. Signs of respiratory obstruction; 





*Model 113, Instrumentation Laboratories, Lexing- 
ton, Massachusetts. 
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3. Расо, >47 torr; 
4. Respirations <14/min. 


RESULTS 


Patient sex, age, ASA risk, duration of 
anesthesia, blood loss, and operative site are 
given in table 1. 


The median dose of fentanyl was 0.6 mg 
(range 0.35 to 1.5), with 0.4 to 1 mg in 
the 10th to 90th percentile. For morphine, 
the median dose, range, and 10th to 90th 
percentile were 36, 15 to 48, and 24 to 45 
mg, respectively. These values indicate ap- 
proximately a 60:1 fentanyl:morphine po- 
tency ratio for clinical anesthesia, resembl- 
ing the 50 to 100-fold potency difference 
cited elsewhere. 


'The need to administer naloxone was ap- 
parent with either agent (table 2). When 
fentanyl was used, the need to antagonize 
was ostensibly related to the time interval 
between the last dose and termination of 


TABLE 1 
Characteristics of Patients Given Balanced 
Anesthesia Supplemented by Either 
Fentanyl or Morphine 





Fentanyl Morphine 

Sex 

Male 12 7 

Female 30 
Age, years 

13-29 12 1 

30-49 20 

50 and over 10 8 
ASA risk 

I 36 6 

H 4 8 

ш 2 2 
Duration of anesthesia, hours 

<1% 6 5 

115-3 25 7 

>3 11 4 
Blood loss, ml 

<100 2 10 

100-500 35 4 

>500 5 2 
Operative site 

Upper abdominal 12 1 

Lower abdominal 9 5 

Soft tissue 13 5 

Bone 8 5 
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TABLE 2 
Percentage of Patients Requiring Naloxone Antagonism After Fentanyl- 


or Morphine-Supplemented Anesthesia Compared with Interval in Minutes 


from Last Administration of Narcotic to Completion of Operation 
ААА 











Fentany! Morphine 
Naloxone required Naloxone required 
Total number Number of Percentage Total number Number of Percentage 
Time, minutes of patients patients of total of patients patients of total 

<30 11 10 94 3 2 66 
30-45 13 10 77 2 2 100 
45-60 14 5 85 2 2 100 
>60 4 0 6 5 83 
>120 2 2 100 

180 1 0 


наанаа. 


operation. Forty-five minutes after the last 
dose of fentanyl only 35 percent of patients 
required naloxone, but after 60 minutes after 
the last dose of fentanyl, none did. In con- 
trast, the longer duration of action of mor- 
phine was evident, as 83 percent of patients 
required antagonism after more than 1 hour 


TABLE 3 


Total Dose of Naloxone Given Patients 
Requiring Antagonism After Fentanyl- or 
Morphine-Supplemented Balanced 
Anesthesia 





ра/ка naloxone IV 








from the last dose. dis vin E iis 
Fentanyl 

То achieve the clinical goal of sustained n — 25* 14 9 2 0 
respirations greater than 15/min (table 3), Morphine 

additional increments of 1.5 pg/kg were p 13* 2 8 2 1 


needed more frequently after morphine 
(11/13 patients) than after fentanyl (11/25 
patients). Circulation was stable through- 
out the procedures and varied less than 10 
percent in both groups. 


Patients in both groups were oriented, 
comfortable, and responsive to command on 
entrance to the recovery room, and, when 
not stimulated, all appeared to be asleep 
but were easily aroused. Much of this effect 
was attributable to the use of droperidol. 





*n = number of patients in each group given nal- 

oxone. Naloxone was titrated in 1.5 &g/kg incre- 
ments IV at 3-minute intervals until spontaneous 
respiratory rate was 15 or more. 


Analysis of arterial blood revealed normal 
values for Pao., pH, and calculated HCO, 
during the 3-hour postoperative period of 
observation. Median Paco, values for all 
groups were within normal limits for the 
3-hour postoperative period (table 4). 


TABLE 4 


Hourly Postoperative Paco; Level Recorded from Narcotic-Supplemented 
Balanced Anesthesia Patients, Some Given Naloxone Antagonism 


pna-—--———————————————— P ———— € —— n —— ——aá 











Fentanyl Morphine 
Hours Naloxone No naloxone Naloxone No naloxone 
post- Number of Number of Number of Number of 
operatively Values Расоз patients Pacoz patients Paco» patients Расоз patients 
1 Median 31 25 34 17 37 13 38 3 
Range 30-43 27-40 30-44 37-47 
2 Median 38 23* 35 15 37 12* 38 3 
Range 30-41 29-41 33-50 35-38 
3 Median 36 22* 35 15 38 1° 38 3 
Range 29-40 28-42 35-47 38-40 


t € ————— —  ——————————————— ө ————————————————————— HH Í— M M À——— 


*Patients required narcotic for analgesia. 
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In the recovery room, 4/16 morphine pa- 
tients required additional antagonist but 
none of the 42 fentanyl patients did. The 
dose required to reverse recurrent narcotiza- 
tion was 1.5 „g/kg IM in 2 cases, and 3 
pg/kg IM in the remaining 2. 


It is noteworthy that the 2 morphine pa- 
tients who were successfully treated with 
the lowest dose of naloxone in the operating 
room required additional antagonist during 
the 2nd postoperative hour. Their respira- 
tions dropped from 16 to 10 and 9/min, re- 
spectively, along with a rise in Paco, from 
42 and 41 torr to 50 and 52 torr, respectively. 
The remaining 2 who required additional 
antagonist had similar respiratory changes, 
their respirations dropping from 16 to 12 
and 10/min, respectively, along with a rise 
in Paco, from 40 and 43 torr to 47 and 50 
torr, respectively. Either marked obtunda- 
tion or signs of upper respiratory obstruc- 
tion were associated with the respiratory 
change. Naloxone IM successfully reversed 
these signs without further recurrence. 


Analgesia persisted well into the recovery 
period after narcotic-supplemented anesthe- 
sia (table 5). Only 5/42 fentanyl and 2/16 
morphine patients complained of pain and 
required additional analgesia. Antagonism 
with naloxone by titration did not enhance 
the need for further analgesia. 


Postoperative vomiting occurred in only 
3/58 patients, 2/42 patients after fentanyl 
and 1/16 after morphine. Naloxone did not 
appear to be a causative factor in this re- 
gard, since of the 3 who vomited, 2 had 
received naloxone and 1 had not. 


DISCUSSION 


Naloxone is the most effective narcotic 
antagonist currently available. It сап com- 
pletely counteract not only massive narcotic 
overdose? but, in contrast to other antagon- 
ists, even therapeutic doses.* Further, it can 
counter overdose by pentazocine,? propoxy- 
phene,!® and the agonistic actions of other 
narcotic antagonists.!! 


The availability of naloxone has broad- 
ened the indications for narcotic-supple- 
mented balanced anesthesia. 'The major con- 
cern with this approach was the prolonged 
or recurrent respiratory depression arising 
from either the muscle relaxant or narcotic. 
The widespead use of the Block-Aid moni- 
tor has markedly reduced the difficulties as- 
sociated with muscle relaxants. Thus, the 
management of the narcotic must be under- 
stood if problems are to be avoided. 
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TABLE 5 


Number of Patients in Pain Given 
Additional Narcotic Within the 3-hour 
Recovery Room Period 


Postoperative hours 








1 2 3 
Fentanyl 
No naloxone 0 2 0 
(n — 17) 
Naloxone 0 2 1 
(n == 25) 
Morphine 
No naloxone 0 0 0 
(n — 3) 
Naloxone 0 1 1 
(n — 13) 





Initially, a distinction must be made be- 
tween a desired state, in which the pharma- 
cologic properties of analgesia, sedation, 
euphoria, and mild respiratory depression 
occur, and the undesired state of narcotiza- 
tion. This is characterized, in part, by mini- 
mal responsiveness to stimuli, depressed 
pharyngeal and laryngeal reflexes, probable 
airway obstruction, and marked respiratory 
depression. In managing narcotics, an at- 
tempt is made to achieve the former and to 
avoid the latter. Thus, some respiratory 
depression is acceptable in order to preserve 
other clinically desirable agonistic effects. 


The potential for prolonged narcotization 
after anesthesia is related to the narcotic 
used, its total dosage, and the elapsed time 
from the last injection. As an illustration, 
agonistic effects of 0.1 mg fentanyl are ap- 
parent for 14 to 1 hour!? while those of 10 
mg morphine average 4 hours.!? These doses 
do not produce narcotization. In contrast, 
the anesthetic dose of fentanyl may easily 
exceed 0.006 mg/kg (0.42 mg/70 kg); for 
morphine, 0.5 to 1 mg/kg and more are often 
used. Anesthetic fentanyl doses produce sig- 
nificant narcotic depression for 4 hours,* 
while narcotic depression after morphine 
may range from 4 hours? at the lower dose 
up to 21 hours at the higher dose.* 


Using fentanyl, we noted (table 2) that 
the time between the last dose and comple- 
tion of the operative procedure is important 
in determining the need for naloxone. With- 
in 45 minutes of the last dose, antagonism 


*Harper MH, Hickey RF, Cromwell TH: The mag- 

nitude and duration of the effect of fentanyl and 
Innovar on the ventilatory response to carbon 
dioxide in man. Presented at the Pulmonary- 
Respiratory Pharmacology Conference, Davis, Cali- 
fornia, August 19, 1975 
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by naloxone is usually required. Beyond an 
hour, respiratory depression will probably 
come from other causes. We were unable to 
show a similar relationship with morphine, 
but our sample was small, and this requires 
further study. 


The manufacturer of naloxone initially 
recommended a dose of 0.4 mg IV to counter 
narcotic depression.!* Clinicians have varied 
from this, following a report in 1974 sug- 
gesting that naloxone titration permitted 
better control.» To counter fentanyl depres- 
sion, Heisterkamp and Cohen*® recommend- 
ed naloxone increments of 0.1 mg IV every 
2 minutes while Petty!? suggested 1.5 pg 
паіохопе/ „5 fentanyl IV. Our study used 
naloxone increments of 1.5 „g/kg IV every 
3 minutes until regular respirations exceeded 
15/min. 


Our regimen and Heisterkamp's may re- 
quire repeated IV injections of naloxone 
within the operating room. In addition, 
Heisterkamp recommends that an additional 
dose of naloxone equal to half the success- 
ful IV dose be given IM 30 minutes later. 
Our patients did not need a repeat dose 
after fentanyl (table 4). Differing protocols 
probably account for the varying regimens. 
The dose of fentanyl (1.5 + 0.3 mg) em- 
ployed by Heisterkamp and Cohen was 
much higher than Petty's or ours. The pro- 
longation of narcotic action due to the larger 
dose probably accounts for the supplemen- 
tary IM recovery room dose of antagonist. 


Petty used 0.3 mg of fentanyl for a D & C. 
Although this dose is less than ours, the 
duration of this procedure is short. Thus 
insufficient time for significant excretion of 
fentanyl required a higher dose of antagon- 
ist. We used 0.6 mg of fentanyl to meet 
clinical requirements, the need for antago- 
nism being related to the time interval from 
the last dose. 


Using morphine, agonistic actions of an- 
esthetic doses may outlast the antagonism 
of naloxone, inasmuch as the half-life of the 
former is 207 minutes* and that of the latter 
is but 19 minutes.!* Clinical suggestions con- 
cerning appropriate naloxone dosage have 
also varied.?5.15.!* We used increments of 
1.5 pg/kg IV every З minutes until regular 
respirations exceeded 15/min at the comple- 
tion of operation, and noted a satisfactory 
postsurgical course in 75 percent of patients 
(12/16); the remainder required an incre- 
mental dose of 1.5 „g/kg naloxone IM in 
the recovery room. Again, differences in pro- 
tocol probably account for the varying ex- 
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periences of others. However, our recom- 
mendations stem from the variations in dur- 
ation of surgery, morphine being injected 
within 30 minutes of induction. 


Narcotics inhibit the respiratory system, 
raising Paco., depressing minute ventila- 
tion, and depressing responsiveness to CO, 
challenge. However, depression of the re- 
spiratory rate is not a consistent finding at 
usual clinical doses. Eckenhoff!8 reported 
that 6/21 patients had a decrease in respira- 
tory rate; the remainder either had no 
change or an increase in rate at a time when 
the respiratory system was depressed. In 
contrast, Foldes!? indicated a consistent de- 
crease in respiratory rate after narcotic 
supplementation of thiopental-N.O anesthe- 
sia, and narcotic antagonists restored con- 
trol values. 


Heisterkamp and Cohen? reported that 
depression of respiratory rate correlated sig- 
nificantly with depressed minute ventilation 
and elevated Paco,, yet concluded that rate 
was a poor criterion for evaluating respira- 
tory adequacy in the individual patient. The 
postsurgical patient is subject to numerous 
factors which influence respiratory perform- 
ance. Stimulation from the wound (not nec- 
essarily perceived as pain), awareness, and 
the antagonistic action of naloxone increase 
ventilation, while lingering anesthetic, mus- 
cle relaxant and narcotic action, binders, im- 
mobility, and position decrease ventilation. 


Our data indicate that antagonism of the 
narcotic to the point at which respirations 
are regular and exceed 15/min in the oper- 
ating room and 14/min in the recovery room 
will yield satisfactory ventilation (table 4). 


In agreement with other reports,^!5 we 
believe that adequate analgesia for the im- 
mediate postoperative period can be pre- 
served by judicious titration with naloxone. 
Only 5/38 patients who received naloxone 
required additional analgesia in the recovery 
room (table 5). This confirms the effective- 
ness of titration, wherein respiratory ade- 
quacy can coexist with analgesia. 


Vomiting has been reported after nalox- 
one antagonism. Johnstone! cited its ap- 
pearance in 5/6 volunteers, and Longnecker? 
reported 50 episodes after 79 injections of 
naloxone, used to reverse relatively large 
morphine doses. Vomiting is a well-known 
side effect of narcotics and its incidence 
is accentuated in ambulatory patients. 
Hasbrouck?” did not note emesis after 
naloxone and suggested that incomplete 
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reversal of the agonist by naloxone may be 
the cause of vomiting. 


We observed 2 episodes of emesis in 38 
patients given naloxone, but 1/20 patients 
not receiving naloxone also vomited. There- 
fore, it appeared that naloxone did not in- 
crease the incidence of emesis. However, 
droperidol, a potent antiemetic, was includ- 
ed in the anesthetic management and this 
may have contributed to the lessened inci- 
dence.?! 


Our study suggests that titration of na- 
loxone affords safety and comfort in the 
early postsurgical period after narcotic-sup- 
plemented anesthesia. 
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Enflurane as a Primary Anesthetic Agent for Patients 
with Chronic Obstructive Pulmonary Disease 


RENE RODRIGUEZ, MD* 
MARTIN 1. GOLD, MD} 


Miami, Floridat 


For years, halothane has been the anesthetic 
agent of choice for patients with chronic ob- 
structive pulmonary disease (COPD) and re- 
versible airway disease (asthma). Enflurane 
was compared with halothane in 100 patients 
with COPD substantiated by spirometry and 
history. Intraoperative and postoperative com- 


Homes has long been found useful 
for the anesthetic management of pa- 
tients with chronic obstructive pulmonary 
disease ( COPD) and reversible airway dis- 
ease (asthma).! Enflurane also has been 
reported clinically successful in patients 
with COPD.? The purpose of this investiga- 
tion was to compare these 2 agents as the 
primary agent for such patients. 


METHOD 


After informed consent, patients with a 
"chart diagnosis" of COPD for both elective 
and daytime emergency operations were 
spirometrically screened. 'The vital capacity 
(VC) and 1-second forced expiratory vol- 
ume (FEV,) were measured at the bed- 
side$ 3 times in all patients. Patients with 
an FEV,<70% of VC, were admitted to 
the study.? Arterial blood gases were meas- 
ured before operation (Fio, = 0.21). Odd- 
aged patients received halothane and even- 
aged patients received enflurane. 





$McKesson Vitalor calibrated with a water spi- 
rometer. 
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plications in each relatively homogeneous 50- 
patient group were assessed. Spirometry, blood 
gases, chest x-rays, incidence of complications 
involving secretions, coughing, wheezing, and 
cardiovascular problems were similar in both 
groups. Enflurane appears to be equivalent to 
halothane as an anesthetic in such patients. 


Patients were premedicated with 2.5 mg/ 
kg of pentobarbital and/or 0.10 mg/kg of 
morphine sulfate plus 0.5 mg of atropine. 
In the operating theater, a blood-pressure 
cuff and ECG leads were applied and IV 
infusion started, followed by thiopental in- 
duction and the primary anesthetic, enflu- 
rane or halothane, plus a 50 percent mix- 
ture of N,O-O, (Fio, = 0.5). All patients 
were intubated with the aid of succinylcho- 
line and most were ventilated with a me- 
chanical ventilator; pancuronium was used 
as the primary relaxant. 


Tidal volumes and Fio, were measured 
with a Wright respirometer and a Beckman 
О» analyzer, respectively. One investigator 
(RR) performed the spirometry, withdrew 
arterial blood for gas analysis, and moni- 
tored each patient; he and the anesthetist 
assigned to this patient made independent 
judgments concerning the anesthesia, noting 
all complications and other useful data. 


After operation, each patient was extu- 
bated and transferred to the postoperative 
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Fic 1. ASA Rating. 
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Fic 2. Type of Surgery. 


recovery room (PAR), inhaling О. through 
a nasal cannula (Fro, = 0.3). After leaving 
the PAR, he went to the surgical intensive 
care unit or ward, where he was under ob- 
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servation until hospital release. Statistical 
analysis was by computer.* 


RESULTS 


Figures 1 and 2 and tables 1 and 2 show 
preoperative data and types of operation. 
Duration of anesthesia (mean 3 hours) and 
mean dosage of thiopental and pancuronium 
were similar in both groups, as were tidal 
volumes and respiratory rates, which aver- 
aged 800 ml and 12/min, respectively. Blood 
gases (fig 3), analyzed preoperatively, in- 
traoperatively, and postoperatively, showed 
no significant differences between groups. 


Intraoperative complications (fig 4) in- 
cluded troublesome wheezing, coughing of 
more than 2 minutes duration, difficulty in 
managing secretions, and cardiovascular 
problems; no significant differences (chi? 
test) were seen between the 2 groups. Hypo- 
tension was defined as a persistent (more 
than 1 min) decrease of 33 percent in sys- 
tolic blood pressure. Pulse rates <60 or > 120 
were defined as bradycardia or tachycardia, 
respectively. Arrhythmias were considered 
significant if >1 minute in duration. They 
were primarily atrial in origin, with some 
premature ventricular contractions. 


Nine patients wheezed before receiving 
enflurane; wheezing disappeared intraopera- 
tively in 5. No patient in the halothane 
group wheezed preoperatively. No clinical 
evidence of severe bronchospasm occurred in 





*Univac Data 100. 


TABLE 1 
Preoperative Patient Characteristics 




















Range E 
Agent Mean + SD p Minimum UE Moximum 
Age, yr E 56 + 10 40 83 
н 54+ 10 25 77 
Height, em E 177 +8 150 193 
H 177 + 10 147 187 
Weight, kg E 72 x17 48 112 
H 72 + 13 51 104 
Vital capacity, L E 3.0 + 0.7 1.4 4.5 
H 3.2 + 0.7 1.0 4.8 
FEV., L/see E 1.78 + 0.54 (58%) 0.75 3.17 
H 1.86 + 0.67 (53%) 0.67 5.04 


E = enflurane (50 patients). 
H = halothane (50 patients). 
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TABLE 2 
History of COPD, Number of Patients 
History of Years 0-5 5.15 15+ 
COPD 
E 11 27 12 
H 5 38 7 
Smoking Packs/day — 0 1 12 24- 
E 3 7 22 18 
H 1 4 15 30 
Sputum Cups/day_ zi d 1 
E 19 21 4 
н 16 88 1 
Cough Severity Е Мопе мо trouble Trouble - 
E 4 21 25 
H 4 18 28 
E = enflurane (50 patients). 
H = halothane (50 patients) 
ЕЕС 
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Fic 4. Intraoperative Complications. 


any patient. One patient developed severe 
hypotension; operation was postponed until 
after treatment for hypovolemia, when he 
received enflurane without sequelae. 
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After leaving the PAR, of those who re- 
ceived halothane, 12 (24%) developed pneu- 
monia, 6 ( (12%) atelectasis, and 5 (1092) 
pleural effusion. Of those who received en- 
flurane, 8 (16%) developed pneumonia, 7 
(1495) atelectasis, and 7 (14%) pleural 
effusion. 


DISCUSSION 


This investigation involved patients with 
COPD defined by spirometry and history, 
not merely a “chart diagnosis.” While demo- 
graphic data reflect relative homogeneity 
between the 2 groups, a few more patients 
with upper abdominal surgery and less with 
extremity and superficial operations re- 
ceived enflurane, and the mean ASA physi- 
cal rating was slightly lower in the halo- 
thane patients. Therefore, more ''worse- 
risk" patients and some for more compli- 
cated surgery were maintained on enflurane. 
However, this skewing does not affect the 
validity of the comparison. 


Enflurane and halothane intraoperative 
blood gases were basically similar, as was 
the clinical incidence of wheezing, trouble- 
some coughing, and secretions, all poten- 
tially dangerous in this type of patient. 
Hypotension was frequent but, again, the 
incidence was similar in both groups. Both 
of these liberally halogenated anesthetic 
agents carry this stigma, especially in poor- 
risk patients.** Bradycardia, tachycardia, 
and persistent arrhythmias occurred rarely 
and with similar incidence in both groups. 
Halothane was associated with more ar- 
rhythmias than enflurane (p<0.05), while 
enflurane was associated with more frequent 
hypotension (p<0.05). 


No patient was considered to have been 
hypoxemic, although a few isolated Рао,ѕ 
were lower than one would have expected 
from the associated Fio, and estimated 
Pao.. COPD is associated with an increased 
incidence of respiratory complications, de- 
creased Pao., and hypotension. Decreased 
cardiac output plus a higher Pa-ao. differ- 
ence was not unexpected.*!! 


In the PAR, blood gases in both groups 
were similar. Each patient had been ex- 
tubated and was receiving an Fio. estimated 
to have been 0.25 to 0.3 (40% O, was de- 
livered to the nasal cannula; as this was 
diluted by a variable amount of air, Fro. 
could only be estimated). Postoperative 
wheezing and late postoperative respiratory 
complications in both groups were virtually 
identical (average of 3 postoperative chest 
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x-rays). Twelve (24%) halothane and 8 
(1695) enflurane patients developed pneu- 
monia (p<0.05); however, the site and 
duration of operation are interdependent 
variables related to incidence of respiratory 
complications and were not analyzed be- 
cause of low sample numbers. 


Patients with COPD must be considered 
far more of a risk than normal patients, and 
complications may arise either during or 
after anesthesia for reasons that are not 
clear.5-!? There is decreased ciliary activity, 
especially in smokers;!? there is also an in- 
crease in secretions. Such patients rely on 
the cough mechanism to bring up secretions 
and foreign material. During anesthesia, 
the cough reflex is significantly diminished, 
as is patient response to CO,.5 Patients 
with COPD have an exaggerated depression 
of CO, response unrelated to the operative 
procedure or anesthesia. Therefore it is not 
surprising that these patients have an in- 
creased incidence of intraoperative and 
postoperative respiratory complications.* !? 
Halothane, a beta-adrenergic stimulating 
agent,!! has been clinically successful in 
such patients, probably because it is also a 
mild bronchodilator, is not as irritating as 
other inhalation agents, and is not associ- 
ated with a significant amount of secre- 
tions.!5.15 A second anesthetic agent for pa- 
tients with COPD with similar character- 
istics would be a welcome addition in the 
anesthesiologist’s quest to avoid morbidity 
in these patients. 


The interdependent influences of many 
variables reflect the limitations of such a 
2-drug investigation as reported here. Never- 
theless, the objective and clinical evidence 
presented in these 100 patients, within the 
limitations of the protocol, leads us to sug- 
gest that enflurane be ranked equally with 
halothane for anesthesia in patients with 
COPD. 
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Unexpected Hepatic Dysfunction Found by 
Multiple Laboratory Screening 


WILLIAM H. SCHEMEL, MD* 


During a 1-уеаг period, 7620 elective surgical 
admissions were given multiple laboratory 
screening (SMA-18) determinations. Of these, 
11 healthy patients, aged 10 to 54, with a pre- 
test classification of ASA 1 (no systemic dis- 
ease) were found to have clearly abnormal 
elevations of the SGOT, SGPT, and LDH levels. 
The proposed elective surgical procedures and 
anesthesia were canceled. All 11 patients 
proved to have overt liver pathology by further 
testing, and 3 later became clinically jaundiced. 


HE toxicity of halogenated anesthetics 

remains a frustrating and controversial 
subject, primarily due to lack of necessary 
information. Carney and Van Dyke! report- 
ed the incidence of hepatitis following halo- 
thane anesthesia to be approximately 1/2500, 
and mortality from post-halothane hepatitis 
is reportedly somewhere between 1/9000 
and 1/40,000.2 The need has existed for a 
prospective study to determine the incidence 
of undiagnosed hepatitis in the general pop- 
ulation, which might become clinically evi- 
dent after surgical anesthesia. The purpose 
of the present study was to determine the 
incidence of hepatic dysfunction in patients 
admitted for elective surgery, with relation 
to 1 years experience with preoperative 
SMA-18 multiple laboratory screening. 


METHOD 


Our institution is a 550-bed voluntary 
general hospital with mostly private pa- 
tients. During the period July 1, 1974, to 
June 30, 1975, a total of 7620 patients ad- 
mitted for elective surgery were studied. 
Blood for SMA-18 determination was drawn 
the afternoon of admission on the day be- 


No cases of unexplained postsurgical jaundice 
occurred in any of the other 7609 operated 
cases during the 1-year study. The incidence 
of clearly elevated enzyme levels in voluntary 
hospital surgical admissions is approximately 
1/700 and the incidence of clinical jaundice is 
approximately 1/2540. There appears to be a 
seasonal variation, with the preponderance of 
elevated enzyme levels in the winter and 
spring months. 


fore operation, with the report in the chart 
preoperatively. The SMA-18 determines 
SGOT, SGPT, LDH, alkaline phosphatase, 
total bilirubin, creatinine, uric acid, choles- 
terol, inorganic phosphorus, K*, Na‘, Са”, 
Cl-, albumin, total protein, glucose, BUN, 
and CO,..? 


While all these have proved of value in 
the diagnosis, treatment, and anesthetic 
management of individual cases, the enzyme 
determinations (SGOT, SGPT, and LDH) 
have been of critical importance, especially 
concerning the determination of hepatic dys- 
function. 


'The range of normal values ( 2 SDM) 
accepted in this laboratory are: 


SGOT 7to 40mU/ml 
SGPT " to 40mU/ml 
LDH 100 to 225 mU/ml 


'The normal range is based on the statisti- 
cal concept of the normal distribution of 
the Gaussian curve. It has been shown that 
66 percent of the population fall within 
1 SD and 95 percent within 2 SDs.* Many 


*Attending Anesthesiologist, Sisters of Charity Hospital, Buffalo; Clinical Assistant Professor, Department 
of Anesthesiology, State University of New York, Buffalo, New York 14214. 
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factors, as well as disease processes, can 
produce slight, transient elevations of these 
enzymes; these are of no real consequence.? 
As a "rule of thumb," the values may be 
considered clearly abnormal only when they 
are more than twice the upper limit of nor- 
mal. 


DISCUSSION 


As all 11 patients had clearly abnormal 
enzyme levels, the proposed operations were 
canceled. 'The tests were repeated and in all 
cases were again clearly abnormal. At this 
point, the patients were again interviewed 
(the routine history having been taken and 
physical examination made on admission) 
and questioned regarding symptoms related 
to hepatic function. None of the patients 
had any of the usual symptoms related to 
hepatic disease. Some were indignant at 
having their proposed surgical procedures 
canceled. All were referred to their primary 
physician for further diagnosis and treat- 
ment and all were diagnosed as having def- 
inite liver disease on the basis of further 
laboratory testing or pathology reports of 
liver biopsies. Three developed clinical jaun- 
dice. During the period when enzymes were 
elevated, most patients experienced no symp- 
toms; a few had some minor complaints, 
such as tiredness and loss of appetite. The 
course of the disease in the 3 patients with 
jaundice was benign, with apparent com- 
plete recovery. 


The incidence of clearly elevated enzymes 
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in this group was approximately 1/700 and 
the incidence of clinical jaundice was 
1/2540. During the first 6 months of the 
study, only 1 patient was found with clearly 
abnormal enzyme elevations; the other 10 
were found between January and June. 


The results of this 1-year's experience re- 
vealed a number of significant findings and 
raised some questions. The 11 patients re- 
ported here, all ASA status I, would have 
undergone elective surgical procedures had 
they not been found to have elevated en- 
zyme levels preoperatively. At least 3 of 
them would have developed jaundice in the 
postoperative period. Would the diagnoses 
of viral hepatitis, subsiding viral hepatitis, 
and infectious mononucleosis have been dif- 
ferent had they received halogenated anes- 
thetics? Would the normal course of hepatic 
disease have been altered by anesthesia and 
surgery? At this point, it is interesting to 
note that there have been no reported cases 
of unexplained postoperative jaundice in 
this hospital since the advent of multiple 
laboratory screening. 


When the enzyme levels are clearly ab- 
normal, it is best to postpone surgery until 
the reason for the elevation has been deter- 
mined. When the enzyme levels are slightly 
elevated, it is difficult to determine the 
proper course of action. In these instances, 
it has been our policy either to use regional 
technics or, if inhalation anesthesia is re- 
quired, to avoid the use of halogenated com- 
pounds. 


TABLE 


"Healthy" Surgical Admissions with Elevated SGOT, SGPT and LDH Tests 
(All Patients ASA Status 1) 


———————————————————————————————————— 


Became 





Patient Age Sex Operation proposed Post-test diagnosis jaundiced 
1 10 M Scalp wen Infectious mononucleosis No 
2 47 Е Hysterectomy Viral hepatitis* Yes 
3 24 F Laparoscopy Viral hepatitis* No 
4 54 F D&C Cirrhosis No 
5 23 F Laparoscopy Infectious mononucleosis Yes 
6 21 M Inguinal hernia Acute alcohol hepatitis* No 
7 23 M Мепіѕесёоту Chronic hepatitis No 
8 35 M Skin graft Early cirrhosis No 
9 16 F Breast biopsy Viral hepatitis Yes 

10 26 M Laminectomy Alcoholic hepatitis No 
11 25 M Dental extractions Hepatic dysfunction No 


*Liver biopsy. 


(industrial toxin ? )* 
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Several other patients with known sys- 
temic disease (ASA II or greater) also had 
their elective surgical procedures postponed 
or canceled by their primary physician as 
a result of these tests, but they are not in- 
cluded in this report. 


The incidence of postoperative hepatitis 
reported by Carney (1/2525) is nearly iden- 
tical with the incidence of clinical jaundice 
in our preoperative studies (1/2540). A 
similar report from another institution in 
this community? revealed almost identical 
results, 1/2180 jaundiced and 1/727 elevated 
enzymes. Their seasonal distribution also 
was similar to ours. 


CONCLUSIONS 


From these data, we conclude that it is 
possible that many cases which have been 
diagnosed as halothane hepatitis could well 
have been infectious hepatitis becoming clin- 
ically evident after surgical procedures. 
From the incidence of undetected hepatic 
dysfunction in ASA I patients admitted for 
elective surgery, obviously many thousands 
of such patients have been anesthetized over 
the years by a variety of technics and have 
remained asymptomatic. 
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It is our recommendation that multiple 
laboratory screening, including SGOT, 
SGPT, and LDH, be done routinely on ad- 
mission, to identify those patients in the 
general population who might need further 
evaluation, therapy, and observation before 
elective surgery. 
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HYPERTENSION. Postoperative hypertension may occur in nearly one-third of pa- 


tients following aorta-coronary bypass graft operations. 


In addition to increasing 


the risk of hemorrhage the hypertension may increase myocardial oxygen requirements. 
Seven of 12 patients investigated by the authors became hypertensive (blood pres- 
sure 7140/90) after myocardial revascularization. Systemic vascular resistance was 
greater in hypertensive as compared with normotensive patients while heart rates and 
cardiac outputs were similar. Thoracic epidural anesthesia administered to the hyper- 
tensive patients reduced systolic blood pressure to an average of 105 torr and improved 
the diastolic pressure-time index/systolic pressure-time index ratio (an indirect meas- 
urement of subendocardial oxygenation). In addition to the pharmacologic sympathec- 
tomy epidural anesthesia has the added advantage of analgesia. (Hoar PF, Hickey RF, 
Ullyot DJ: Systemic hypertension following myocardial revascularization. A method 
of treatment using epidural anesthesia. J Thorac Cardiovas Surg 71:859-864, 1976) 
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Postpartum Hypertension and Convulsion After Oxytocic Drugs 


EZZAT ABOULEISH, MB, BCh, MD* 


An 18-year-old primipara developed acute hy- 
pertension leading to cerebral edema and con- 
vulsions following the IV injection of a bolus 
of 10 units of oxytocin with 0.2 mg methyl- 
ergonovine maleate. Oxytocin in a dose of 
more than 2 units should not be administered 
IV in a single injection, as severe hypotension 
may result. If oxytocin is required, it can be 


ESPITE the documented potential danger 

of administering oxytocin and/or 
methylergonovine maleate intravenously in 
a bolus,'? this procedure is still used by 
some physicians. The present report is in- 
tended to remind the anesthesiologist of the 
hazards of this therapy. 


CASE REPORT 


An 18-year-old gravida 1, para 0, was ad- 
mitted to the hospital at 0100 hrs on her 
expected date of confinement. Her antepar- 
tum course was uneventful, total weight gain 
was 10.9 kg, and average blood pressure was 
110/70. On admission, she was apprehen- 
sive, with a blood pressure of 140/100, re- 
flexes were brisk, and the cervix was 7 cm 
dilated with vertex presentation. Hemoglo- 
bin was 13.2 gm/100 ml, there was no ede- 
ma, and urine was negative for albumin and 
dextrose. After IM injection of 50 mg of 
phenothiazine and 50 mg of meperidine, the 
blood pressure decreasd to 110/70 and re- 
flexes became normal. Labor progressed sat- 
isfactorily, and, in about 2 hours, the patient 
was ready for delivery. 


At 0305 hrs, subarachnoid block to 'T-10 
was achieved without difficulty, using 50 
mg of lidocaine through a 26-gauge spinal 
needle. Blood pressure was stable at 110/65, 
and no vasopressor was administered. At 
0316, a female baby weighing 3520 gm was 
delivered (Apgar 9-10). At 0318, the pla- 


injected either IM, or by IV pump or drip. 
The use of ergot in obstetrics should be limited 
to the treatment of life-threatening postpartum 
hemorrhage and be given only by the IM 
route. Ergot should not be administered to 
patients with cardiac, renal, or hypertensive 
disease, or in association with a vasoconstrictor. 


centa spontaneously separated and was de- 
livered. Immediately afterward, 10 units of 
oxytocin and 0.2 mg of methylergonovine 
maleate were injected in a single IV dose, 
and 10 units of oxytocin in 5 percent dex- 
trose in water (D/W) were administered 
in a continuous IV drip. 


At 0335, the blood pressure increased to 
140/100. In the recovery room, at 0345, 
blood pressure reached 200/130 and the pa- 
tient complained of severe headache. There 
was no edema and reflexes were normal. 'The 
IV injection of 5 mg of diazepam and the 
IM injection of 15 mg of morphine failed 
to lower the blood pressure or relieve the 
headache, and the patient became nauseated 
and began vomiting. Bladder catheteriza- 
tion revealed 1100 ml of clear urine, followed 
by a urine output of 100 ml/hr. There was 
no proteinuria. At 0430, an IM injection of 
120 mg of phenobarbital was followed by 
sedation and decrease in blood pressure, 
which was maintained around 160/100. 


At 0855, the patient became incoherent, 
with body tremors, followed by generalized 
rigidity and a grand mal seizure. Phenobar- 
bital (100 mg) was injected IV, O, was ad- 
ministered, and the seizure stopped without 
recurrence. Examination of the eye fundi 
showed constricted blood vessels without 
hemorrhage or exudates, and neurologic ex- 
amination showed no signs of localization. 
Lumbar puncture with a 20-gauge spinal 
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needle showed clear CSF with grossly ele- 
vated pressure. Actual measurement of the 
pressure was not possible because of the 
patient's lack of cooperation. The urine out- 
put, after temporary reduction to 20 ml/hr 
for 2 hours, rapidly increased to preseizure 
level (100 ml/hr). Albuminuria and hema- 
turia were present only during the oliguric 
period. 


Blood examination showed WBC 10,000, 
hemoglobin 12.7 gm/100, platelets 150,000, 
fibrinogen 341 mg/100 ml, prothrombin time 
12 sec, partial thromboplastin time 34 sec, 
plasma thrombin time 26 sec, urine/serum 
osmolality 602/282 mOsm/kg water, Na' 
137 mEq/L, K* 4.7 mEq/L, Cl- 105 mEq/L, 
BUN 13 mg/100 ml, and creatinine 0.5 
mg/100 ml. 


Fluid intake in the first 24 hours was 1 L 
of 5 percent D/W plus 1.5 L of 5 percent 
dextrose with 0.2 percent NaCl. The patient 
was maintained on injection of phenobarbi- 
tal, 60 mg IM every 8 hours and diphenyl- 
hydantoin, 100 mg IM every 12 hours. Her 
body temperature remained normal and her 
consciousness rapidly improved 24 hours 
after delivery. 'Thereafter, blood pressure 
remained around 110/70, her stay in the 
hospital was uneventful, and on the 8th 
postpartum day she and her baby were dis- 
charged in good condition. 


DISCUSSION 


Oxytocic drugs have a significant effect 
on the cardiovascular system. Oxytocin 
causes vasodilation of both alpha- and beta- 
adrenoreceptive blood vessels.’ The action 
occurs in less than 30 seconds and is main- 
tained for 3 to 5 minutes.* 'The vasodilating 
effect of oxytocin causes transient hypoten- 
sion, the degree and duration of which are 
proportionate to the dose of the drug and 
the rate of injection. The average drop in 
blood pressure after oxytocin injection (0.1 
unit/kg) in the form of an IV bolus is 45 
percent. Hypotension due to oxytocin is 
minimized by the lithotomy position." How- 
ever, such hypotension becomes especially 
dangerous in a hypovolemic patient in whom 
vasoconstriction is an important factor in 
maintaining the blood pressure. 


Five to 10 seconds after the onset of hypo- 
tension, tachycardia occurs, with an average 
increase in heart rate of 20 beats/min.” The 
tachycardia, which is reflex in origin and 
secondary to the hypotension, is associated 
with S-T segment depression and T wave 
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inversion, denoting myocardial ischemia. 
'This is due to coronary insufficiency as a 
result of hypotension, combined with in- 
creased О„ demand secondary to the tachy- 
cardia.?.^.!^ There is also mild myocardial 
depression, manifested by antiarrhythmic 
properties of oxytocin.!! Such mild myocar- 
dial depression becomes significant in a pa- 
tient with cardiac disease. 


Therefore, if oxytocin is required, it can 
be injected either IM, or by IV pump or 
drip; it should not be administered by IV 
bolus in a dose exceeding 2 units. 


Ergot preparations, in contrast to oxyto- 
cin, are known to cause vasoconstriction. !2 
The vasoconstrictive action of ergonovine 
is less than that of other ergot alkaloids, 
and methylation further reduces its vaso- 
constrictive effects. A pressor effect has been 
seen in about 48 percent of patients follow- 
ing ergonovine administration and in 22 per- 
cent after methylergonovine.* The incidence 
of severe hypertension (systolic elevation of 
>25 torr and diastolic of >20 torr) was 
reported in 2 percent of cases following IV 
injection of methylergonovine and in 4.6 
percent with concomitant administration of 
vasopressor. 


Hypertension also can follow the IM in- 
jection of ergot alkaloids.? Vasoconstriction, 
through a direct stimulation of blood vessels 
both at the arterial and venous sides,!? 
leads to increased peripheral resistance and 
rise of both arterial blood pressure and cen- 
tral venous pressure. Ergot also has a de- 
pressant effect on the vasomotor center, pre- 
venting compensatory vasodilation second- 
ary to afferent impulses from the barorecep- 
tors. The increased venous return to the 
heart following relief of the inferior vena 
caval compression after delivery and the di- 
minution of the vascular bed following te- 
tanic contraction of the uterus potentiate 
the postpartum rise of blood pressure. The 
vasoconstrictive effect of ergot becomes 
manifest in 3 minutes and lasts for several 
hours.* 


Blood pressure elevation following ergot 
preparations is particularly pronounced in 
toxemias of pregnancy, hypertension, pres- 
ence of hypoxia, administration of vasopres- 
sors,? or marked apprehension.? In our case 
report, toxemia was excluded, the high blood 
pressure and hyper-reflexia encountered on 
admission probably being due to apprehen- 
sion, since blood pressure and reflexes be- 
came normal following phenothiazine and 
meperidine administration. 


Hypertension and Convulsion . .. Abouleish 


Since the incidence of a dangerous rise 
of blood pressure after administration of 
ergot alkaloids is rare and hypertension 
would otherwise be attributed to postpartum 
toxemia, some obstetricians continue to give 
ergot IV. However, this is particularly dan- 
gerous in patients with cardiovascular dis- 
ease, hypertension, respiratory disease, re- 
nal disease, or chronic anemia. Sudden hy- 
pertension produced by ergot causes a strain 
on the heart and may be associated with 
coronary vasoconstriction, leading to myo- 
cardial ischemia, acute heart failure, and 
acute pulmonary edema. It may also lead 
to cerebral edema, as in the case reported, 
or even to cerebral hemorrhage.? Retinal de- 
tachment following IV injection of 0.2 mg 
methylergonovine and 5 units oxytocin also 
has been described; the mechanism was 
thought to be spasm of the choroidal ves- 
sels, producing an increase in choroidal hy- 
drostatic pressure and transudation of fluid 
into the subretinal space. 


If ergot is administered during general 
anesthesia under such potent drugs as halo- 
thane, or during regional analgesia, its vaso- 
constrictive action may be counteracted by 
the vasodilative effect of these technics. 
Thus, the hypertensive effect of ergot may 
be masked and the lungs and brain may be 
temporarily protected from edema or hem- 
orrhage until the vasodilation wears off. 


То treat the hypertensive episode pro- 
duced by ergot, slow IV injection of 12.5 to 
15 mg of chlorpromazine is recommended. 
Hydralazine infusion has also been effec- 
tive, since it causes generalized vasodilation, 
particularly of the renal vessels.! * 


Although pharmaceutic literature!” sug- 
gested that methylergonovine maleate might 
be slowly injected IV over a period of no 
less than 60 seconds while monitoring the 
blood pressure this is not safe enough in 
view of the delay (3 min) in evidence of 
the hypertensive response. Therefore, if 
ergot is to be used, it should be administered 
by IM route for a life-threatening uterine 
atony resistant to oxytocin. 


Since the vasoconstrictive effect of ergot 
is opposite to the vasodilative action of oxy- 
tocin, this may lead to the erroneous as- 
sumption that, by simultaneous IV adminis- 
tration of both drugs, the effect of one will 
nullify that of the other. However, onset 
and duration of action of the 2 drugs are 
so different that the patient is exposed to 
the harmful effects of both. 
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A Simple Technic to Minimize Tracheal Aspiration 


ROY F. CUCCHIARA, MD* 


Тв safe induction of general anesthesia 
for emergency surgery in a patient with 
a full stomach can be challenging to even 
the most experienced clinician. The presence 
of ileus, bowel obstruction, or gastric-outlet 
obstruction may place the gastric contents 
under greater than normal pressure. Regur- 
gitation under such circumstances may be 
so voluminous as to overwhelm the awake 
debilitated patient and cause him to aspi- 
rate a significant quantity of gastric con- 
tents. The volume of such gastric contents 
may exceed the capacity of available suc- 
tion apparatus. 


Anesthesiologists have proposed various 
devices,! positions, and technics, such as 
cricoid pressure,? the “crash induction,": 
the awake intubation,® and use of a clear 
anesthesia mask, to help prevent catastroph- 
ic regurgitation. This report adds a simple, 
but apparently not widely known, adjunct. 
'The case is representative of five in which 
the technic has been employed effectively. 


CASE REPORT 


This patient was a slender 68-year-old 
woman with signs and symptoms of acute 
small-bowel obstruction, believed to be sec- 
ondary to peritoneal adhesions from a pre- 
vious hemicolectomy. A trial of medical 
management with a Miller-Abbott tube had 
been unsuccessful. With a nasogastric tube 
in place, her respiratory rate was 32/min 
and shallow. Except for a markedly distend- 
ed abdomen, physical examination was un- 
remarkable. Laboratory and electrolyte val- 
ues were within normal limits and she was 
not significantly dehydrated. 


A rapid induction was planned. The naso- 
gastric tube was suctioned, irrigated, and 
intermittently suctioned as it was with- 


drawn, with no return of gastric contents. 
After administration of 3 mg of d-tubocu- 
rarine, the patient was preoxygenated for 3 
minutes. With cricoid pressure applied, she 
was then given 2 mg/kg of sodium thiopen- 
tal, followed immediately by 2 mg/kg of 
succinylcholine. The mask was removed and 
the laryngoscope inserted for intubation. 
With no visible signs of movement, the pa- 
tient promptly regurgitated sufficient quan- 
tities of gastric material to overwhelm the 
capacity of the suction apparatus. Gastric 
material ran out of her mouth and com- 
pletely obscured the view into the pharynx. 


The endotracheal tube was immediately 
inserted into the esophagus with the realiza- 
tion that no view of the larynx could be ob- 
tained, and the cuff was inflated. Gastric 
contents continued to pour out of the en- 
dotracheal tube, but the oropharynx could 
be quickly suctioned dry. A second endo- 
tracheal tube was rapidly inserted into an 
easily visualized larynx. The tube in the 
trachea was suctioned and O. was admin- 
istered by positive pressure while checking 
the tube position. Gastric contents continued 
to drain from the esophageal tube for a full 
minute after the tracheal airway was se- 
cured. The esophageal tube was removed, 
a nasogastric tube was placed, and the re- 
maining gastric contents were suctioned 
from the nasogastric tube. 


The laparotomy was performed unevent- 
fully under halothane-O. anesthesia with 
pancuronium for neuromuscular blockade. 
Blood gases drawn during the operating 
procedure showed a Pao» of 376 torr. Post- 
operatively, the patient was admitted to an 
intensive care unit with the endotracheal 
tube in place. Chest x-ray revealed a small 
right upper lobe infiltrate. On the 1st post- 
operative day, the infiltrate had begun to 
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tube in 
esophagus 


Ficure. When gastric regurgitation occurs, an oro- 
tracheal tube (A) can be inserted blindly into the 
esophagus and the cuff inflated to provide an exit 
pathway for gastric contents. The mouth can be 
suctioned dry and mask ventilation (B) resumed. 
while the air entry pathway is thus separated from 
the exit pathway of gastric contents. 


resolve, blood-gas tensions were acceptable, 
and the patient was extubated. 'The remain- 
der of her recovery to discharge was un- 
eventful. 


DISCUSSION 


It is often taught that, if vomiting occurs 
during the induction of general anesthesia, 
the first treatment should be tracheal intu- 
bation with a cuffed endotracheal tube. 
Many clinicians have witnessed a struggling 
colleague's attempt to intubate the trachea 
in a gush of regurgitant gastric contents 
with the suction at full power in the mouth. 
The real emphasis should be on protection 
of the airway from regurgitant material. 
From this viewpoint, the lungs can best be 
protected by separation of the exit pathway 
of regurgitant material from the entrance 
pathway of O,. 


The most common method of accomplish- 
ing this separation is by placing a cuffed 
tube into the trachea, but placement of a 
cuffed tube into the esophagus can also be 
effective. During regurgitation, intubation 
of the esophagus or trachea and inflation of 
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the cuff can be lifesaving. A blindly placed 
tube may fortuitously enter the larynx. If, 
however, it enters the esophagus, effective 
separation of air entry and regurgitant out- 
flow pathways can still be obtained, if the 
cuff is inflated and the tube left in place. 
The pharynx can be suctioned clear and 
positive-pressure ventilation can be imme- 
diately begun, if necessary, by excluding 
the esophageal tube from the mask area 
(figure). Another tube can be placed into 
the trachea as soon as feasible. 


Thus, when the anesthesiologist encoun- 
ters a patient regurgitating on induction, 
intubation of the trachea should be attempt- 
ed immediately. If this is not possible, the 
esophagus should be intubated, and the cuff 
inflated. Then it is possible to quickly pur- 
sue whatever technical course is necessary 
to establish a stable separation of esophag- 
eal reflux and air entry, so that ventilation 
and oxygenation can be resumed. 


Two possible complications of esophag- 
eal intubation with a cuffed tube should be 
considered: (1) the tube may perforate the 
esophagus and pass into the mediastinum, 
and (2) overinflation of the cuff may com- 
press the trachea. Neither of these events 
is likely, however, and the small potential 
risk seems acceptable when weighed against 
the risk of uncontrolled regurgitation. 
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The Anesthetic Potency of Lidocaine in the Rat 


COSMO A. DiFAZIO, PhD, MD* 
JAMES R. NIEDERLEHNER, МОТ 
ROBERT G. BURNEY, MD} 


Charlottesville, VirginiaS 


The anesthetic effect of lidocaine was evaluated 
in rats by determining the change in anes- 
thetic requirement of cyclopropane MAC that 
was produced by blood concentrations of lido- 
caine in the clinically useful range. A linear 
reduction in anesthetic requirement was pro- 


R= concern with the problems asso- 
ciated with the administration of vola- 
tile anesthetics! and of atmospheric con- 
tamination? has placed greater emphasis on 
the development of alternative anesthetic 
technics. Intravenously administered lido- 
caine has been used with varying enthusi- 
asm since the drug was introduced, either 
for analgesia or as part of a general anes- 
thetic procedure? However, no adequate 
measurements of the effective contribution 
of lidocaine to a general anesthetic proce- 
dure have been reported. The purpose of this 
study was to determine the anesthetic poten- 
cy of lidocaine in rats by observing the re- 
duction in the mean anesthetic concentra- 
tion (MAC) of cyclopropane achieved by 
the addition of clinically useful levels of 
lidocaine. 


METHOD 
MAC was determined by the tail-clamp 
technic®:7 in 25 cyclopropane-anesthetized 
rats weighing 239 + 18 gm each. The exter- 
nal jugular vein was surgically exposed and 
cannulated and a slow (0.01 ml/min) con- 
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duced with concentrations up to 1 «g/ml. Fur- 
ther increases in lidocaine up to 5.5 ug/ml re- 
sulted in no further decrease in cyclopropane 
requirement. Lidocaine was found to contrib- 
ute a maximum MAC fraction of 0.4. 


stant infusion of lactated Ringer’s solution 
was started. MAC was again determined 
after completion of the surgical procedure, 
and the control MAC was established as 
being the average of the values obtained 
before and after operation. The animal’s 
rectal temperature was determined by a 
Yellow Springs temperature probe and 
maintained by a warming mattress. 


A lidocaine bolus of 250 or 750 ug was 
followed by a constant infusion of 50, 75, 
150, or 250 „g/min for up to 1 hour. MAC 
was again determined, beginning after the 
animal had received the lidocaine constant 
infusion for at least 15 minutes. Heart blood 
was assayed for blood lidocaine concentra- 
tion by gas chromatography* immediately 
after MAC determination. 


RESULTS 


Control cyclopropane MAC (13.8%) was 
found (table 1) to be comparable to the 
previously reported MAC for cyclopropane,? 
and a linear reduction in MAC was ob- 
served with lidocaine concentrations up to 
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TABLE 1 


Observed MAC Values During Lidocaine Infusion and During 
2 Control Periods 




















Animal weight, First control Second control Lidocaine Percent cyclo Plasma lidocaine, 
gm cyclo MAC cyclo MAC MAC MAC reduction ug/ml 
252 14 14 12 14.3 0.34 
240 14 12 9 30.8 0.62 
230 14 13 10 25.9 0.37 
243 14 14 10 28.6 0.51 
225 16 15 10 35.5 0.89 
210 14 14 10 28.6 0.67 
213 14 14 10 28.6 0.65 
249 13 13 12 tal 0.14 
— 15 15 13 18.3 0.38 
265 14 14 11 21.4 0.53 
283 15 14 9 37.9 1.00 
240 13 12 9 28.0 0.57 
240 13 13 10 23.1 0.41 
220 14 14 9 35.7 5.52 
243 14 14 9 35.7 2.49 
236 14 14 7 50.0 1.85 
220 13 13 8 38.5 1.32 
252 14 13 T 48.1 1.01 
223 15 14 9 37.9 3.46 
232 14 14 7 50.0 3.05 
235 15 14 7 51.7 4.47 
260 12 12 T 41.7 3.21 
245 14 14 9 35.7 3.69 
220 14 14 13 T 0.39 
260 13 13 12 7.7 0.23 
Меап 239 13.96 13.60 9.54 30.45 1.51 
SD 17.7 0.84 0.81 1.89 13.35 1.54 
1 ug/ml (fig 1). Linear regression of the 100 [- 
values below 1.1 „g/ml (1st part of curve sof- 
in fig 1) produced the equation Y = 40.2X sil 
+ 1.5 (lidocaine MAC equivalents = 40.2 К |. 
lidocaine concentration + 1.5). The corre- g ^ 
lation coefficient was 0.93. A ceiling effect = fF 
was noted at blood levels above 1 pg/ml.  $ sr ° ° i 
Further increases in lidocaine up to 5.5 2 
ug/ml resulted in no further change in cyclo- « 
propane requirements. A mean reduction of * 
42 percent in cyclopropane MAC was ob- 
served with lidocaine concentrations of 1.1 
to 5.5 pg/ml. 
Gas chromatography allowed measure- "me ee i 
ment of the lidocaine metabolites MEXG To 
(monoethylglycinexylidide) and GX (gly- Fic 1. The percent reduction in anesthetic re- 


cinexylidide), concentrations of which were 
seen consistently to be less than 0.1 „g/ml 
and were noncontributory to the anesthetic 
effect. 


DISCUSSION 


Concomitant use of IV lidocaine with 
other agents to produce general anesthesia 


quirement (cyclopropane MAC) that results from 
increased lidocaine blood levels is shown. A ceiling 
effect is present above 1 4g/ml in blood lidocaine 
concentrations. 


has been reported by several authors. 
deClive Lowe? reported administering 750 
mg of lidocaine in the first hour of varying 
procedures along with sodium thiopental 
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and N.O. Steinhaus and Howland! and 
Phillips and coworkers? also reported on the 
administration of lidocaine, thiopental, and 
N.O for general anesthesia, observing that 
lidocaine had an anesthetic effect which re- 
sulted in a 13 percent mean reduction in 
thiopental requirement. Blood levels of lido- 
caine were not determined. 


In a variety of circumstances, lidocaine 
blood levels equal to or greater than those 
used in our experiment have been observed 
in man. Levels of 2 to 5 „g/ml have been 
sought for arrhythmia control.!^ Mean peak 
blood levels as high as 6.4 „g/ml have been 
reported with regional anesthesia.!! These 
levels are considered safe for man. Convul- 
sant levels are reported to be 8 to 10 „g/ml 
in unpremedicated man and 15 „g/ml in the 
rat.1? 


The rat has been previously established 
as a model for anesthetic requirements, and 
correlations between MAC and the oil/gas 
partition coefficient comparable to those 
found in man!* and the dog have been ob- 
served (fig 2). A marked difference, how- 
ever, exists between rat and man in the 
metabolic pathway of lidocaine. In the rat, 
large amounts of 3-hydroxy lidocaine and 
3-hydroxy MEGX are produced (table 2). 
The anesthetic contribution of these metab- 
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Fic 2. The correlation of anesthetic requirement 
(MAC) and the oil-gas partition coefficient is shown 
for man, rat and dog. Anesthetic requirements are 
highest for the dog, least for man and the rat is 
intermediate. 
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TABLE 2 
Species Variation in Urinary Excretion of 
Lidocaine and Metabolites” 





Percent of dose 





in vrine 
Compound Rat Man 
Lidocaine 0.2 2.8 
MEGX 0.7 3.7 
GX 2.1 2.3 
3-hydroxy-lidocaine 31:2 1.1 
3-hydroxy-monoethylglycine- 
xylidide 36.9 0.3 
2,6-xylidine 1.5 1.0 
4-hydroxy, 2,6-xylidine 12.4 72.6 





olites which predominate in the rat are un- 
known. While the absolute anesthetic re- 
quirement and the percent reduction pro- 
duced by lidocaine should show species 
variation, this experiment provides an ap- 
proximation of what may be expected in 
man. 


The combination of volatile and almost 
all other anesthetics has been shown to pro- 
duce a purely additive effect,?.1?.34 such an 
effect resulting when the sum of the MAC 
fractions of the 1st and 2nd agents is equal 
to 1 MAC, although the result of combina- 
tion of a MAC fraction of a fixed drug with 
a MAC fraction of a volatile anesthetic has 
not been established. 


An additive effect appears present over a 
considerable dosage range (linear reduction 
in MAC) when morphine and meperidine 
are used as fixed drugs.!^ The MAC for 
these fixed agents, however, could not be 
established without encountering respiratory 
toxicity. In the present study, a MAC for 
lidocaine could not be established because 
a ceiling effect resulted. A mean maximum 
MAC fraction of lidocaine was established 
to be 0.4 MAC (maximum lidocaine MAC 
= 0.4). 


The production of 0.4 MAC by low levels 
of lidocaine suggests that the addition of 
any anesthetic capable of contributing 0.6 
MAC should result in the production of 
general anesthesia. In previous reports in 
man, however, both lidocaine and thiopen- 
tal were required to supplement 70 percent 
N,O (0.65 MAC). It would appear, there- 
fore, that the anesthetic effect of lidocaine 
in man is considerably less than in the rat. 
Further studies in man are underway. 
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LIDOCAINE METABOLISM. Congestive heart failure, as may follow acute myocardial 
infarction (AMI), may be associated with a decreased volume of drug distribution 
and slowed hepatic and renal elimination. As a result drug concentrations may be higher 
in patients with cardiac failure and the risk of drug toxicity increased. Plasma lido- 
caine concentrations during and after constant rate infusion (1.4 mg/min) were meas- 
ured in 12 patients with AMI and 6 normal patients. Lidocaine concentrations were 
significantly higher in patients with cardiac failure than in normals. The mean values 
at the conclusion of infusion were 4.1 and 2.8 ug/ml respectively. The rate of decrease 
after drug infusion was always slower in patients with heart disease. The terminal 
plasma half-life was prolonged almost threefold (1.5 hours in normals). Impaired 
lidocaine metabolism probably reflects reduced hepatic blood flow associated with a low 
cardiac output. (Prescott LF, Adjepon-Yamoah KK, Talbot RG: Impaired lignocaine 
metabolism in patients with myocardial infarction and cardiac failure. Brit Med J 


1:939-941, 1976) 
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Early Reversal of Postoperative Hypoxemia 
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Peridural analgesia was combined with the 
respiratory-stimulant effect of doxapram for 
intermittent hyperinflation of the lungs to re- 
verse early postoperative (PO) hypoxemia fol- 
lowing inhalation anesthesia for upper abdo- 
minal operations. Twenty unpremedicated men 
undergoing upper abdominal operations were 
studied for 5 hours in the recovery room. Ten 
of these patients received doxapram plus peri- 
dural analgesia; the other 10, doxapram plus 
morphine analgesia. Rectal temperature, Рао», 
Расо», respiratory rate, exhaled minute ventila- 
tion (Ӯ), tidal volume (Vr), and blood pres- 
sure and pulse were measured. The mean in- 


Hexen often follows inhalation an- 
esthesia for upper abdominal or tho- 
racic operations. It may be reversed by 
combining peridural analgesia with doxa- 
pram-induced hyperinflation of the lungs. 
In the present study, hypoxemia refers to 
a decrease greater than 15 percent in Pao. 
within the first 5 postoperative (PO) hours, 
when both preoperative (control) and PO 
blood samples were obtained while the pa- 
tient was breathing room air (Fro, = 0.21). 
Hypoxemia may persist for up to 5 days.! t 
Voluntary stir-up regimes, IPPB with O., 
and CO, rebreathing have failed to reverse 
or shorten such hypoxemia.?.^ 


* Assistant Professor. 
Instructor. 
tAssistant Professor. 
$Assistant Professor. 
|| Medical Student. 


crease from control for Ук was 9.6 L/min and 
for Ут, 356 ml/breath during doxapram ther- 
apy for the morphine group. Corresponding 
values for the peridural group were 14.4 L/min 
for V; and 660 ml/breath for Vr. Mean Pao: 
for the morphine group decreased significantly 
from the corresponding preoperative value 
(р<0.005). Lack of significant change between 
preoperative and PO values for Pao. for the 
peridural group would indicate that under the 
conditions of this study, early PO hypoxemia 
can be reversed by the combination of peridural 
analgesia with doxapram therapy. 


'The condition can be circumvented in the 
recovery room by the use of supplemental 
inhaled O, via disposable face mask or 
nasal prongs.‘ The Pao, value under these 
conditions will usually equal or exceed pre- 
operative Pao. values on room air, if the 
PO arterial blood is obtained while the pa- 
tient is breathing supplemental О..* How- 
ever, supplemental inhaled O. does not, by 
itself, correct the causes of early PO hypox- 
emia. When the O, is removed, the Pao. 
on room air usually falls to pretreatment 
levels." 


The level of the hypoxemia may be most 
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critical during the first 5 to 6 hours after 
anesthesia.! If recovery-room patients are 
transferred to their ward beds within 1 to 2 
hours after anesthesia without supplemen- 
tal O., they may become hypoxemic. 


Pain on sighing or deep breathing may 
reduce pulmonary compliance and function- 
al residual capacity associated with the 
hypoxemia.*5 Narcotic analgesia plus the 
respiratory stimulant effect of doxapram 
has been used for reversal; however, this 
combination is not always successful, and 
pain due to incomplete narcotic analgesia 
may restrict the respiratory response to 
doxapram. Segmental peridural analgesia 
provides excellent pain relief but does not, 
by itself, correct the hypoxemia.?-^ 


METHODS 


Twenty unpremedicated men undergoing 
upper abdominal operations were studied for 
5 hours in the recovery room. They were 
divided into 2 groups, each consisting of 10 
patients who randomly received either (1) 
peridural or (2) morphine analgesia with 
doxapram hyperinflation. Informed consent 
was obtained from all subjects. Patients 
were accepted for study if they were not 
hypoxemic, had normal chest x-rays, no un- 
controlled systemic disease, and no history 
of vascular hypertension, seizures, or cere- 
brovascular accidents. 


Preoperatively, a Teflon catheter was in- 
serted into a radial artery for blood sampl- 
ing. All patients received general anesthesia 
with halothane (0.5 to 1.5%) and N.O-O. 
(60:40). Pancuronium was used for muscle 
relaxation. Ventilation was maintained with 
a bird* Mark IV anesthesia ventilator. Fol- 
lowing endotracheal intubation, patients in 
the peridural group had a catheter inserted 
at T10-11 but without injection of local an- 
esthetic solution. Patients in the morphine 
group were not so catheterized. 


Postoperative peridural analgesia was ob- 
tained in the operating room by injecting 
6 to 8 ml of 0.5 percent bupivacaine, which 
produced segmental analgesia localized to 
the area of surgical incision. Analgesia was 
maintained by intermittent peridural rein- 
jection and was not supplemented by other 
forms of pain relief. Dermatome levels of 
analgesia were evaluated by pinprick. 


In the morphine group, morphine was ad- 
ministered in IM doses of 10 to 15 mg, 
depending on patient size and age, at inter- 
vals calculated to keep the patient com- 
fortable but not obtunded (3 to 5 hr). 
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No attempt was made to evaluate directly 
the magnitude of pain experienced by any 
individual patient or any group of patients. 
The following variables were measured both 
preoperatively and postoperatively: rectal 
temperature, Pao», Paco», respiratory rate, 
exhaled minute ventilation (V), tidal vol- 
ume (V4), blood pressure (BP), and pulse. 


Doxapram intermittent hyperinflation was 
started in the recovery room 1 hour post- 
operatively and followed baseline resting 
values. The IV doxapram injection was then 
repeated hourly for 4 hours. Doxapram dos- 
age was individualized (0.5 to 2 mg/kg) to 
obtain a Vp increase of 2 to 3 times resting 
values. АП patients received 0.5 mg/kg for 
the first or test dose. All doxapram infusions 
were diluted with 1 N saline solution to a 
final volume of 8 ml, which was injected 
into the IV tubing over a 60-second period. 
Further IV dosage was determined by the 
response to the test dose. 


Supplemental О„ was provided for 5 min- 
utes before, during, and 10 minutes after 
doxapram hyperinflation, to prevent О. debt 
due to increased physical activity. The O, 
was supplied via anesthesia mask, Hans 
Rudolph nonrebreathing valve, and a Puri- 
tan humidifier, set to deliver 40 percent O.. 
Vy was monitored during doxapram hyper- 
inflation by attaching а Wright respirom- 
eter to the exhalation port of the Hans 
Rudolph valve. Respiratory rate was count- 
ed by visual observation of chest movement, 
and V, was calculated by dividing V, by 
respiratory rate for 1 minute. Pulse and BP 
were obtained 5 minutes after the doxapram 
injection, as this is reportedly the time of 
peak cardiovascular changes due to doxa- 
pram.? 


Arterial blood-gas and pH samples were 
obtained before anesthesia induction in the 
operating room and 30 minutes postopera- 
tively in the recovery room, and again 50 
minutes after doxapram and O, therapy, 
hourly for 5 hours. In all cases, samples 
were obtained with the patient continuously 
breathing room air (Fro, = 0.21) for at 
least 30 minutes. 


Rectal temperature was obtained before 
drawing blood samples. Arterial blood-gas 
analysis was completed with an Instrumen- 
tation Laboratories 113 blood gas analyzer, 
with appropriate corrections for body tem- 
perature. Preoperative and 30-minute PO 
measurements were used as control values. 


Single values for 1 to 4-hour PO data 
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TABLE 1 


Patient Data and Significant Measurements at 30 Minutes to 
5 Hours PO (Means = SD) 











Maximum Rectal Rectal 
doxapram temperature temperature /\ temperature 
Age, Weight, Height, injection, 30 min PO, 5 hours PO, 30 min to 5 hr 
yr kg cm mg c c PO, С 
I. Morphine 54.8 15.8 178 67.0 36.3 37.6 1.3* 
group 
(n —10) +13.9 +9.7 +7 +14.9 +0.66 +039 +0.43 
II. Peridural 44.3 71.8 176 75.0 36 37.8 1.8* 
group 
(n 210) +11.3 +15.4 +10 +15.8 +0.55 +0.6 +0.82 


*Significant change, р<0.001, for designated time periods within a single group. 


were obtained by finding the mean for re- 
sults for PO hours 1, 2, 3, and 4. Also, 
single values for 2 to 5-hour data (Pao,, 
Paco», rectal temperature) represent the 
mean for PO hours 2, 3, 4, and 5. Signifi- 
cance was determined by Student's t-test for 
paired data. 


RESULTS 


No significant difference was noted be- 
tween mean values for the morphine and 
peridural groups for age, weight, height, 
doxapram dosage, or body temperature (ta- 
ble 1). However, a significant (p<0.001) 
change in mean values for rectal tempera- 
ture was noted within both groups. All pa- 
tients revealed a relative hypothermia in 
30-minute PO rectal temperature compared 
with their 2 to 5-hour values. 


No significant difference was found in BP 
and pulse mean values between the 2 groups 
(table 2). However, a significant change 
(p<0.005) was noted within the morphine 
group for both these values after doxapram 
injection. 

No significant difference in respiratory 
rate, Ук, or V4 between groups was found 
(table 3). However, doxapram did produce 
a significant rise in respiratory rate in the 
morphine group (p<0.01) and a similar 
increase in Vy and V4 for both groups 
(p« 0.001). The mean increase from control 
for the morphine group was 9.6 + 4.9 L/min 
for V, and 356 + 213 ml/breath for V4. For 
the peridural group, the mean increase was 
14.4 + 4.7 L/min for V, and 660 + 276 ml/ 
breath for Vy. 


A significant decrease in mean Pao, was 
noted between preoperative and postopera- 
tive values in the morphine group (77.3 
versus 66 torr; p<0.005) (table 4). This 
drop in Pao, is characteristic of the hypoxe- 


mia under study. A significant difference 
was also noted (1.1 versus —7.1 torr; 
р<0.01) between the peridural and mor- 
phine groups. The lack of change between 
mean preoperative and postoperative values 
for Pao, for the peridural group (77 versus 
78 torr) would indicate that, under the con- 
ditions of this study, the hypoxemia was 
reversed by the combination of peridural 
analgesia with doxapram. Figure graphically 
represents these changes. 


The doxapram as used in this study pro- 
duced a respiratory response within 40 to 
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surgery 


MEAN VALUES FOR PRE SURGERY, 30 MIN 

POST SURGERY (CONTROL) AND 2 TO 5 HOURS 
POST SURGERY WITH DOXAPRAM PLUS 
PERIDURAL ANALGESIA (О-О) AND DOXAPRAM 
PLUS MORPHINE ANALGESIA (@—@®) 


Ficure. Mean values for presurgery, 30 minutes 
postsurgery (control), and 2 to 5 hours postsurgery 
with doxapram plus peridural analgesia (0-0) and 
doxapram plus morphine analgesia (0--0). 
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60 seconds from beginning of injection, de- 
veloped a maximum response at + 1 minute 
after injection, and the effect disappeared 
2 to 3 minutes after the onset of respiratory 
stimulation. A mean doxapram dose of + 1 
mg/kg body weight (table 1) was required 
to obtain an increase in V, of 2 or 3 times 
the resting value (table 3). In the morphine 
group, 4/10 patients and in the peridural 
group 1/10 patients did not achieve the 
desired V, increase. The dosage of doxa- 
pram was often decreased in the morphine 
group patients to reduce the pain associated 
with increased respiratory effort. No major 
adverse reaction due to doxapram was noted 
in either grcup. 


10 
+14 


A Preop 
to 1-4 hr 
postop 
21* 

+16 


A ргеор 
to 30 min 
postop 
2 
0 


Е 
+15 


postop 


Pulse, beats/min 
1-4 hr 
95 
+21 
86 
= 


30 min 
postop 
77 
5 
77 
2 


DISCUSSION 


Aldrete* reported the incidence of PO 
hypoxemia to be about 75 percent. The risk 
of serious hypoxemia is increased by ad- 
vanced age, obesity, multiple system disease, 
trauma, advanced chronic lung disease, up- 
per abdominal or thoracic operations, and/or 
prolonged shivering in the recovery room. 
Tissue hypoxia resulting from hypoxemia 
can result in serious complications, such as 
metabolic acidosis, cardiac arrhythmias, vas- 
cular hypotension, and respiratory insuf- 
ficiency.* 


Preop 
76 
77 

+10 


+12 


24/13* 
+20/10 
3/1 


to 1-4 hr 
postop 
+24/14 


A Preop 


A Preop 
to 30 min 
postop 
11/5 
+19/14 

—9/—5 
+25/16 





Schmidt and colleagues!” found 9 cm of 
continuous positive airway pressure (CPAP) 
for 24 hours by nasal intubation and spon- 
taneous ventilation useful in preventing 
hypoxemia in high-risk patients. Arterial 
blood-gas tensions were improved, and none 
of the CPAP patients developed PO respira- 
tory insufficiency. This method, however, 
involves the risk of complications inherent 
in nasal intubation, CPAP, and increased 
levels of narcotic analgesia. 


TABLE 2 
Cardiovascular Data Compared (Means -- SD) 


Blood pressure, torr 
1-4 hr 
postop 
139/89 

+20/10 
116/73 
2-16/10 


30 min 
postop 
125/81 
+25/14 
105/67 
+15/18 


The Pain Factor.—Breathing with а V, 
of 700 to 1000 ml/breath at a rate of 20 to 
25/min within 1 or 2 hours after upper ab- 
dominal incision may induce considerable 
reflex pain. Conventional morphine analge- 
sia does not completely abolish the pain 
associated with such rapid deep breathing. 
Segmental peridural analgesia abolishes the 
somatic and some, but not all, of the vis- 
ceral pain. 


Preop 
117/77 
+14/10 

114/72 


+22/10 








Some of the patients in our peridural an- 
algesia group complained of vague deep ab- 
dominal discomfort and/or shoulder pain 
when deep breathing. This discomfort may 
have represented an incomplete block of 
deep visceral or phrenic nerve reflexes. The 


Morphine group 
Peridural group 
(n — 10) 


(n 2 10) 
*Significant changes, p« 0.005, for designated time periods within a single group. 


J; 
TI, 
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TABLE 3 
Respiratory Data Compared 





Respiratory rate, breaths/min 


Minute ventilation, L/min 


Tidal volume, ml 














30 min 1-4 hr А 30 min 1-4 hr ^ 30 min 1-4 hr A 
postop postop postop postop postop postop 
I. Morphine 13 21 +8 7.0 16.6 9.6 540 783 243 
group 24 29 a5 11.6 12.3 0.7 483 416 —67 
(n = 10) 17 18 41 47 132 85 277 775 498 
13 25 --12 3.3 22.3 19.0 255 886 631 
31 32 +1 18.2 19.2 6.0 426 605 179 
16 26 10 3.4 14.4 11.0 212 531 319 
16 19 3 8.5 12.3 8.8 219 684 465 
24 23 —1 4.2 17.7 13.5 175 793 618 
15 23 +8 5.0 16.6 11.6 333 120 887 
14 17 +3 8.5 15.3 6.8 600 885 285 
Mean 18.3 28.8 5.0* 6.4 16.0 9.67 352 708 3567 
+ SD +6.0 +4.8 +4.3 +86 +3.2 +4.9 +150 +152 +2138 
+ SE 21/9 +1.5 +1.4 31.1 +10 +15 +48 +48 +67 
II. Peridural 19 21 2 6.4 29.0 22.6 337 1359 1022 
group 28 25 —8 6.0 21.0 15.0 214 854 640 
(n — 10) 13 18 45 61 180 119 470 1018 548 
18 25 +7 6.0 11.8 5.8 333 501 168 
20 23 +3 9.0 23.0 14.0 450 1142 692 
18 18 0 5.1 23.3 18.2 283 1273 990 
22 23 +1 1.8 23.5 16.2 332 1014 682 
23 19 —4 4.8 21.6 16.8 209 1176 967 
25 23 —2 9.6 18.8 9.2 394 831 441 
15 26 +11 4.2 18.6 14.4 280 122 442 
Mean 20.1 22.1 2 6.5 20.9 14.41 329 989 660+ 
+ SD +4.5 +3.0 +4,7 serm +4.5 +47 +88 +265 +976 
+ SE +1.4 +0.9 +1.5 +06 +14 +15 +28 +84 +87 





*Significant change, р<0.01, for designated time periods within a single group. 


1Significant change, p« 0.001, for designated time periods within a single group. 


degree to which pain restricted deep breath- 
ing in our study is best estimated by the V; 
response to doxapram under standardized 
conditions (Vy = 16 L/min for the mor- 
phine group versus 20.9 L/min for the peri- 
dural group) of factors other than analgesia 
which might influence hypoxemia (sex, age, 
weight, height, preoperative Pao., intra- 
operative anesthesia, abdominal incision, 
hypothermia, and IV doxapram dosage). 


The hypoxemia noted in our morphine 
group (16% drop in Pao. between preopera- 
tive and 30 minutes postoperatively) is close 
to the changes in Pao, under similar condi- 
tions reported by Winnie,? Aldrete,t and 
Spence. 'This early decrease in arterial 
blood oxygenation was also found with peri- 
dural analgesia without doxapram for pa- 
tients with upper abdominal incisions.?.? 


We noted that a 1 mg/kg injection of 


doxapram administered to the morphine 
group patient resulted in a V4 less than that 
achieved with the same dose in a patient 
given a peridural block (table 3). 'The mor- 
phine group patients also complained of pain 
more often than the peridural-block patients. 
We assumed that the reduced V. resulted 
from increased abdominal pain. However, 
Mitchell and Herbert!! showed in cats that 
respiratory stimulation by doxapram in the 
recommended therapeutic dosage range (0.5 
to 2 mg/kg) is through stimulation of the 
carotid chemoreceptors. Ventilation re- 
sponse to respiratory stimulation can be 
reduced by a morphine-associated shift in 
the CO, response curve.!2 Therefore, the 
carotid chemoreceptor response to doxapram 
stimulation may also be reduced by mor- 
phine. Morphine analgesia alone, or com- 
bined with pain, may account for the reduc- 
tion in Vp noted with doxapram in our mor- 
phine group. 
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TABLE 4 
Pao; Values Compared, torr 





A Preop А ргеор 
30 min 2-5 hr to 30 min to 2-5 hr 
Preop postop postop postop postop 
I. Morphine group 14 71 70 —3 —4 
(n — 10) 83 66 74 —17 —9 
89 63 75 —26 —14 
78 75 86 —8 +8 
80 64 73 —16 —7 
70 58 56 —12 —14 
70 66 53 —12 —17 
71 64 67 —7 =4 
78 69 75 —9 —3 
80 64 73 —16 —7 
Меап 11.8 66 70.2 —12.1* —T.1 
+ SD +6.2 +5 +9.6 eet (9, +72 
+ SE +2.0 ALT +8.0 +2.5 +2.3 
II. Peridural group 64 74 65 —4 +1 
(п = 10) 69 54 72 —15 +3 
79 80 86 SEX +7 
87 83 85 —4 —2 
86 87 81 +1 —5 
75 19 18 +4 +3 
75 65 71 —10 —4 
87 74 82 —13 —5 
79 77 91 —2 --12 
68 68 69 0 +1 
Mean 76.9 74.1 78 —4.2 1.1f 
+ SD +8.2 +10.2 +8.4 +6.8 +5.5 
+ SE +2.6 +8.4 +2171 +2.8 zT 





*Significant change, p« 0.005, for designated time periods within a single group. 


+Significant difference, p<0.01, between values for groups. 


Peridural analgesia in our study usually 
extended from T-6 down to T-12. 'This block 
with 0.5 percent bupivacaine produced satis- 
factory analgesia with minimal intercostal 
muscle paralysis. Rib movement during dox- 
apram hyperinflation appeared normal clin- 
ically and ў} under these conditions com- 
pares closely with reported responses to 
doxapram in adult males without an opera- 
tion or analgesia (peridural Ў; = 20.9 L/min, 
no anesthesia V, = 14.7 L/min.) !? 


Winnie and associates? studied the effect 
of doxapram lung hyperinflation on hypox- 
emia in patients who had upper abdominal 
incisions and morphine analgesia. They gave 
doxapram as an IV bolus of 1 mg/kg at PO 
times 0, 1, and 4 hours and then every 4 
hours for a total of 8 injections (24 hours). 
'The respiratory response to doxapram they 
reported (change in respiratory rate —5.5/ 
min, AV, = 314 ml, AV, = 143 L) is close 
to our morphine group values (table 3). 


Patients given doxapram demonstrated a re- 
turn of Pao, values to preoperative levels 
20 hours postoperatively. It must be noted, 
however, that their doxapram infusions were 
at 4-hour intervals rather than our 1-hour 
intervals. 


Aldrete* studied over a one-hour period 
the effect of 1 mg/kg bolus of doxapram IV 
on patients with PO hypoxemia given mor- 
phine, reporting no improvement in PO ar- 
terial oxygenation for their doxapram group. 


In our study, the sympathetic nervous sys- 
tem blockade accompanying peridural anal- 
gesia may account for the reduced cardio- 
vascular response to doxapram noted in the 
peridural-block patients (table 2). The def- 
inite increase in blood pressure and pulse 
associated with doxapram therapy in the 
morphine group (Л BP = 24/13, A pulse = 
21) was almost completely abolished by the 
sympathetic blockade in the peridural group 
(A BP =3/1, A pulse = 10). 
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Local Anesthetic Agents—Pharmacologic Basis for Use 
in Obstetrics: А Review 


LARRY SALTS, MD* 
MARYANN OTT, MST 
PHILIP D. WALSON, MD} 


Tucson, ArizonaS 


Because of minimal effects on mother and 
fetus, regional anesthetic technics are widely 
employed for labor and delivery. However, the 
literature describes at least 35 fetal and neo- 
natal deaths and a frightening incidence of 
fetal distress associated with paracervical block 
for 1st-stage labor. Continuous lumbar epi- 
dural anesthesia for 1st-stage labor has also 
been associated with fetal distress, but this is 
minimal and no deaths have been reported. 


pa during childbirth may be controlled 
by hypnosis, general anesthesia, system- 
ic narcotic administration, and numerous 
local anesthetic procedures. Local anesthet- 
ics reversibly terminate nerve conduction; 
therefore, pain impulses originating in spe- 
cific body regions may be abolished selec- 
tively while the patient retains conscious- 
ness. There is a popular belief that obstetric 
block with local anesthetics is safer for the 
fetus than use of potent general anesthetics. 
However, local anesthetics are rapidly ab- 
sorbed into the maternal circulation and 
subsequently presented to the placenta. 


Since Bromage and Robson! first reported 
placental transmission of a local anesthetic 
agent in 1961, many studies have established 
that these agents can cause severe fetal tox- 
icity and that fetal or neonatal death can 
result. 


Bupivacaine, a relatively new, long-lasting 
local anesthetic, is extremely toxic when ad- 
ministered paracervically, but no deaths have 
been reported with its use for epidural anes- 
thesia. While choice of method and agent must 
be individualized, continuous lumbar epidural 
block with bupivacaine appears as effective as 
and less often dangerous to the fetus than 
paracervical block. 


This review focuses on the types of block 
and the local anesthetic agents most com- 
monly used for the relief of 1st-stage labor 
pain. Before the drug-block combination 
with the best risk:benefit ratio can be se- 
lected, the pharmacokinetic aspects of the 
drugs that determine fetal toxicity must be 
understood, as must the relationships be- 
tween technics, drugs, and their neuroana- 
tomic rationale and potential risks. Basic 
also is an understanding of the separate 
neuroanatomic pain pathways of the differ- 
ent stages of labor. 


I. LOCAL ANESTHETIC AGENTS 


Characteristics.—In general, local anes- 
thetics consist of 3 parts: (1) a lipophilic 
aromatic group, (2) a tertiary or secondary 
amine group, and (3) an ester or amide 
linkage. The class of local anesthetic agent 
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TABLE 1 
General Characteristics of the Major Local Anesthetic Drugs 
Adult toxic 
Concentration, Duration of Maximum blood level, Placental 
Local anesthetic percent pKa action, hr dosage, mg ug/ml transfer 

Amide 

Lidocaine 1.0-1.5 7.9 15-3 500 Yes 

Mepivacaine 1.0-1.5 7.6 1%-2% 500 Yes 

Bupivacaine 0.24-0.50 8.1 314-7 200-500 Yes 
Ester 

Procaine 1.0-2.0 8.9 %-1% 1000 ND* Yes 

2-chloroprocaine 2.0 8.9 94-1 1000 ND Probably 

Tetracaine 0.15-0.25 8.5 315-6 200 ND Probably 
*ND = no data. 


is determined by the linkage. Table 1 illus- 
trates the general characteristics of the bet- 
ter known agents of the two classes. 


Values for duration of action in table 1 
apply to peripheral nerve blocks in general. 
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Fic 1. Chemical characteristics of the two classes 
of local anesthetics. 


Longer values are obtained when epineph- 
rine is added to the anesthetic solution.? 
Studies of the duration of paracervical blocks 
show a different pattern. Freeman's group? 
found that paracervical blocks lasted about 
1% hours with all the agents employed in 
their study (procaine, tetracaine, cyclaine, 
nupercaine, and lidocaine) as long as the 
solution contained epinephrine. While cy- 
claine is an ester and nupercaine is an amide, 
both are very toxic. Paracervical block with 
1 percent mepivacaine was found to give a 
mean duration of action of 114 hours іп 1 
series.‘ Other observers reported that 0.25 
percent bupivacaine paracervical block last- 
ed a mean of slightly less than 114 hours, 
but 2% hours with epinephrine.» Gudgeon* 
reported that paracervical block with 0.25 
percent bupivacaine lasted a mean of 3 
hours. 


Despite these studies, one of the amides 
is usually chosen because this class is gen- 
erally believed to provide a longer duration 
of action than the esters. Amides are pre- 
ferred because labor usually lasts between 
3 to 6 hours after the first paracervical 
block.* Paradoxically, however, paracervical 
block with epinephrine containing ester- 
linked local anesthetics can last as long as 
paracervical block with most of the amide- 
type agents.? 


Metabolism.—An advantage of the esters 
is that systemic absorption does not result 
in high fetal levels because these agents are 
rapidly hydrolyzed by maternal plasma cho- 
linesterases.! The amides must be metabo- 
lized in the liver; thus higher concentrations 
of amides are available to enter the fetal 
circulation. Therefore, amides may well be 
more toxic to the fetus and/or the mother 
than an equipotent dose of an ester. 


Local Anesthetic for Obstetrics . . . Salts, et al 


Although these concepts about the metab- 
olism of local anesthetics are true in general, 
details of the metabolism of the amide-linked 
local anesthetic agents in human fetuses and 
neonates have become available only recent- 
ly. Studies by the Weiss group? and by 
Yaffe and coworkers? indicate that the 
human neonate is deficient in some drug- 
metabolizing enzymes, such as those re- 
quired for hydroxylated metabolites of me- 
pivacaine. Meffin and colleagues!" reported 
that the ratios of N-demethylated, 3-hydroxy 
and 4-hydroxy metabolites to unchanged 
mepivacaine are lower in the neonate than 
in the adult. However, decreased neonatal 
metabolism may be protective in that the 
demethylated or de-ethylated amide metab- 
olites appear to be more toxic than the 
parent compound. 


Excretion. — Meffin showed that both 
adults and neonates excrete anilide local an- 
esthetics almost entirely via the kidneys, 
but the adult excretes less than 5 percent 
of a dose as unchanged mepivacaine, and 
the neonatal kidney can clear the unchanged 
drug.!? 


Ostheimer's group!! have shown that the 
neonate is able to N-de-ethylate bupivacaine 
to 2,6 pipecoloxylidide (PPX). Although 
the mothers excreted both bupivacaine and 
PPX in the urine, neonates rarely elimi- 
nated unchanged bupivacaine but all infants 
excreted PPX, beginning at about 12 hours 
and ending by 48 hours. 


Placental Transfer. — Local anesthetics 
used for obstetric anesthesia are transferred 
across the human placenta to the fetus 
(Shnider and Way!?). Placental transfer of 
these agents occurs by simple diffusion. The 
major drug factors contributing to this trans- 
fer are lipid solubility, ionization constant, 
size or molecular weight, protein binding, 
acid-base status of the patient, and electro- 
chemical gradient.7.!?.!4 


Maternal Toxicity.—Regardless of meta- 
bolic pathways, all local anesthetics are as- 
sociated with some toxicity. Most of the 
available data on human toxicity have come 
from reports of the clinical use of these 
agents for delivery. 


Foldes and associates,!^ studying the tox- 
icity of lidocaine and 3 ester-linked local 
anesthetics in 12 adult male volunteers, 
described "generalized twitchings, convul- 
sions, severe breathing difficulties, loss of 
consciousness, or total disorientation." The 
esters studied by this group were procaine, 
2-chloroprocaine, and tetracaine. General- 
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ized convulsions developed in 1 volunteer 
given tetracaine at 0.125 mg/kg/min IV. 
'Three of 10 patients tolerated the procaine 
infusion (1 mg/kg/min) for 25 minutes. 
None of the 10 volunteers given a lidocaine 
infusion (0.5 mg/kg/min) tolerated this 
drug for more than 18 minutes. Because of 
pseudocholinesterase activity, plasma levels 
of procaine and 2-chloroprocaine were too 
low to be determined at the end of the ex- 
periments. Therefore, while the esters ap- 
peared less toxic than the amide, lidocaine, 
in these adult volunteers, the ester-linked 
agents obviously also have some toxic effects. 


Lidocaine, mepivacaine, and bupivacaine 
were studied by Jorfeldt and colleagues!^ 
in dogs and man. Lidocaine and mepivacaine 
induced the same subjective symptoms as 
those observed by Foldes in volunteers. Bu- 
pivacaine produced no objective signs of 
toxicity other than slight eyelid numbness. 
Again, lidocaine convulsions were induced 
in 1 volunteer at a plasma concentration of 
5 pg/ml. Jorfeldt’s data suggest that gen- 
eralized convulsions may be elicited when 
plasma concentrations reach 6 „g/ml of 
mepivacaine and 4 „g/ml of bupivacaine. 


Despite the fact that these adult toxicity 
studies were conducted with intravenously 
infused local anesthetics, the data are per- 
tinent because all drugs are systemically ab- 
sorbed, regardless of the site of injection or 
the intended site of action. After absorption 
into the maternal blood stream, local anes- 
thetics are subject to the pharmacokinetic 
factors which normally affect drug action 
and are subsequently presented to the pla- 
centa. 


Fetal Toxicity.—Signs of fetal toxicity 
develop at plasma concentrations of the 
local anesthetics well below those plasma 
levels which are tolerated by adults. Fetal 
and neonatal toxicity is manifested by tach- 
ycardia, bradycardia, acidosis, apnea, con- 
vulsions, and death. Heyman!’ has corre- 
lated tachycardia with in-utero convulsions 
in experimental animals. Since the toxic re- 
actions of the fetal myocardium and central 
nervous system appear to be a result of 
direct local anesthetic action," О, and 
atropine will not reverse these effects.!* 


Shnider and Way!” reported that within 
3 to 5 minutes of detection of lidocaine in 
the maternal arterial circulation, the drug 
was transferred across the placenta to the 
fetus. Umbilical venous concentration of 
lidocaine was 53 percent of that simultane- 
ously found in the maternal artery. At a low 
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physiologic concentration (2 ,»g/ml), prac- 
tically all the lidocaine is plasma-protein 
bound. At higher concentrations, 30 percent 
is unbound. This concentration-dependent 
binding of lidocaine explains the large trans- 
placental concentration gradient at high 
plasma concentrations of the drug.!? 


Morishima's group?? reported the ratio of 
the mepivacaine concentration in the um- 
bilical vein to the maternal antecubital vein 
concentration as 0.71/1 at 60 minutes after 
epidural anesthesia. Martin and coworkers?! 
reported a ratio of 0.54 at 60 minutes after 
paracervical block. 


'The placental transfer of bupivacaine fol- 
lows closely the pattern reported for lido- 
caine.*? The ratio of umbilical to maternal 
plasma concentration at delivery varies 
from 0.14 to 0.86. There does not appear to 
be an obvious explanation for the wide pa- 
tient-to-patient variation in placental trans- 
fer of either bupivacaine or lidocaine, but 
bupivacaine values for placental transfer 
are lower than those for mepivacaine or 
lidocaine. 


Probably the most commonly observed 
toxic effects of local anesthetics on the fetus 
are bradycardia and acidosis. The cause of 
fetal bradycardia is subject to some con- 
troversy. Teramo and Widholm?? suggested 
that the local anesthetics depress the fetal 
myocardium and CNS directly. On the 
other hand, Jung's group?* contended that 
the changes are due to a disturbance in pla- 
cental and umbilical blood flow. Most of the 
investigators seem to agree that the brady- 
cardia represents the pharmacologic effect 
of the local anesthetic on the fetus, and it 
is possible that both mechanisms are respon- 
sible. 


Infants with lidocaine levels greater than 
З ng/ml show a pattern of depression simi- 
lar to that seen with mepivacaine.!? Shnider 
also notes that the toxic threshold (de- 
pressed ventilation and abolished cutaneous 
reflexes) in the neonate is half that of the 
adult. 'The additive effects of birth asphyxia, 
drug depression, and a lower blood/brain 
barrier to the drug in the infant is a possible 
explanation. An inverse relationship be- 
tween arterial Pco, and the threshold for 
lidocaine toxicity in experimental animals 
has also been demonstrated.?? 


II. REGIONAL BLOCK IN OBSTETRICS 


Pain Pathways.—The pain of the Ist 
stage of labor originates from both the cor- 
pus and cervix of the uterus. The major sen- 
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sory component is the sympathetic nervous 
system. The sympathetic fibers from the cor- 
pus uteri originate in the posterior cervical 
ganglia and the pelvic plexus and ganglia 
before eventually entering the spinal cord 
with the posterior roots of T-11 and T-12. 
Higher cord levels may be encountered in a 
few patients who receive alternate afferent 
pathways along the ovarian vessels.?9 


With the beginning of the 2nd stage of 
labor at full cervical dilation, the descent 
of the fetus causes the painful impulses to 
shift from the uterus to the distending va- 
gina, perineum, and vulva. Since the mons 
pubis and the anterior portions of the labia 
majora are stimulated minimally during rou- 
tine deliveries, 2nd-stage labor pain can be 
controlled satisfactorily by blocking the pu- 
dendal nerves or the first 3 sacral cord seg- 
ments. 


T'ypes of Block.—Of the numerous region- 
al technics used for 1st-stage labor pains, 
paracervical block is specific, in that it 
blocks only the pelvic (inferior hypogastric) 
ganglia and plexus. Continuous lumbar epi- 
dural anesthesia not only can block spinal 
cord segments T-11 and T-12 for 1st-stage 
labor pains, but the injection of more local 
anesthetic solution can extend the block to 
include the sacral segments for 2nd-stage 
labor pains. Therefore, lumbar epidural 
block is the preferred technic of many ob- 
stetric anesthesiologists.?9.?* Because of in- 
tense pain, it is common practice to initiate 
an analgesic technic during the 1st stage of 
labor. Because this stage may last up to 8 
hours, analgesia must often be continued 
for many hours, with increased risk of fetal 
toxicity. 


Paracervical block and continuous lum- 
bar epidural block are the most commonly 
employed technics for l1st-stage labor 
pain.?9-30 


ПІ. CLINICAL USE OF REGIONAL 
BLOCK 


Paracervical Block. — Paracervical block 
with any agent is of potential danger to the 
fetus (table 2). The signs of fetal toxicity 
occur at a significant rate after block. Many 
studies have described the risk of fetal tox- 
icity with this technic. 


Paracervical Lidocaine. — Nyirjesy and 
colleagues?? reported an incidence of 22 per- 
cent (15/68 cases) of fetal bradycardia af- 
ter paracervical block with lidocaine. One 
fetal death occurred with a toxemic prima- 
gravida. Three minutes after the block, the 
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fetal heart tones disappeared. A stillbirth 
occurred 12 minutes after the application of 
the paracervical anesthetic. 


Shnider and Gildea?! describe bradycar- 
dia after paracervical blocks with prilocaine, 
lidocaine, or mepivacaine. In the fetuses 
with no signs of distress before anesthesia, 
there was an 18.1, 19.3, and 8.4 percent inci- 
dence of bradycardia after paracervical 
block with lidocaine, mepivacaine, and prilo- 
caine, respectively. When there had been 
fetal distress prior to the paracervical block, 
bradycardia developed in 60 percent of the 
lidocaine, 44.7 percent of the mepivacaine, 
and 35.9 percent of the prilocaine blocks. 


Paracervical Mepivacaine.—Freeman? re- 
ported a 26.1 percent incidence (24/92 
cases) of fetal bradycardia following para- 
cervical block with 200 mg of mepivacaine. 
Six of the 24 fetuses that developed brady- 
cardia experienced the distress longer than 
10 minutes and developed metabolic acido- 
sis. The mean pH fell from 7.3 to 7.18 be- 
fore returning slowly toward, but not reach- 
ing, baseline by 45 minutes. No deaths oc- 
curred in this series. 


In a study?? of the effects of mepivacaine 
paracervical blocks on 12 fetuses, 6 had 
bradycardia and a decrease of pH. Brady- 
cardia did not develop in the fetuses whose 
mothers received a total of 200 mg of me- 
pivacaine, but 1 fetus developed a pH de- 
crease of 0.07 units. Five of the mothers 
received a 400 mg mepivacaine paracervical 
block, and the sixth received 300 mg. The 
fetal plasma concentration reached 8.3 „g/ml 
in the mother who received only 300 mg. 
The mean plasma concentration of the 6 
fetuses with bradycardia was 3.07 (range 
0.5 to 8.3) „g/ml. Those without distress 
had a lower mean plasma concentration 
(1.52 pg/ml), but the plasma concentration 
range (0.4 to 2.5 pg/ml) overlapped the 
values reported in the toxic group. 


Rosefsky and Petersiel!5 reported 2 fetal 
deaths after paracervical blocks with 300 
mg and 240 mg of mepivacaine. Six minutes 
after the 300 mg block, fetal heart rate de- 
creased from 136 to 80. Eighty minutes 
later, fetal heart tones were lost. Ten min- 
utes after the 240 mg block, fetal bradycar- 
dia of 80 bpm developed. At birth, the infant 
was flaccid; at 3 hours, the neonate devel- 
oped opisthotonus; at 20 hours, seizures 
were present; and, at 45 hours, the infant 
died. Mepivacaine levels in the urine were 
6.2 „g/ml at 36 hours and 0.75 pg/ml at 
death. 
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A recent report?? describes 3 infants who 
manifested severe toxicity after maternal 
paracervical blocks with mepivacaine, 2 sur- 
viving with permanent neurologic damage 
following protracted convulsions and hypo- 
tonia. The third died after 7 days of life. 


We reviewed the records of 23 parturi- 
ents given mepivacaine block at our insti- 
tution. The anesthetic technics included 
paracervical blocks, pudendal blocks, local 
infiltration, and 1 lumbar epidural block. 
There were detectable mepivacaine levels in 
the umbilical vein samples from 9 patients 
(39.1%). The cord mepivacaine levels were 
less than 1 „g/ml in 7 cases (30.4%). Five 
cases (21.7%) had mepivacaine levels rang- 
ing from 1 to 1.7 „g/ml. Three cases 
(13.495) had toxic umbilical cord mepiva- 
caine concentrations ranging from 2.5 to 9 
pg/ml. The infant with a mepivacaine level 
of 2.5 „g/ml had been delivered under a 
paracervical followed 35 minutes later by a 
pudendal nerve block. The infant with 5 
pg/ml of mepivacaine in the cord blood had 
been delivered with 2 paracervical blocks. 
'The mother of the infant with an umbilical 
vein mepivacaine concentration of 9 „g/ml 
had received only a pudendal nerve block. 
The one recorded episode of bradycardia 
occurred after a paracervical block had been 
administered, but the cord mepivacaine level 
was only 1 „g/ml at birth. All 23 infants 
survived. 


Paracervical Bupivacaine.—Baskett and 
Carson? observed bradycardia in only 3/95 
cases after paracervical block. Two cases 
followed 50 mg of bupivacaine (the third 
occurred with 200 mg of lidocaine). Fetal 
heart tones were checked only at 15-minute 


intervals, which may explain the low inci- 


dence of bradycardia in this series. 


Teramo** reported that 13/38 bupiva- 
caine paracervical block cases developed 
fetal bradycardia of a moderate degree (100 
to 118 bpm) and that 8 cases developed 
severe bradycardia ( «100 bpm). 'The mean 
pH of the fetuses 2 minutes before the block 
was 7.351. After the block, the mean pH 
fell progressively 0.049 units at 15 minutes. 
By 40 minutes the pH value had returned 
toward the initial value but was still down 
0.028 units. Also, there was a direct corre- 
lation between severity of bradycardia and 
the intensity of acidosis. 


Paracervical block with bupivacaine has 
been associated with significant mortality. 
Whitehouse?? reported on 25 cases of para- 
cervical block with 0.5 percent bupivacaine 


А 
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containing epinephrine 1:200,000. In 3 cases, > > 
30 to 45 minutes after the paracervical Ё ss 
blocks with 10 ml of the bupivacaine-epi- 5 T E Я 
nephrine solution, significant bradycardia $ = E 
occurred. In 1 of these cases, fetal heart ш zm Z 
tones were lost, and a stillbirth was deliv- 
ered 8 hours later. Other authors?* reported P 
that "several cases of extreme foetal brady- Ев 
cardia were seen following the injection of е аъ 
2 x 10 ml of 0.597, bupivacaine into the рага- <i 5 © = 
cervical space. . . ." One of these cases ter- Бор ію Sit т 
minated in an intrauterine death within 20 nv NIV 
minutes of the paracervical block. Ф e 
In a retrospective study?* of 32,652 cases Е м 5 a 88 
of paracervical block from 107 German ma- "| eee egeo m 9 BON 
ternity units, bupivacaine was found to have 3 a чаз ше с Бе 
been used in 19,907 cases. In 7887 cases, "I5 
mepivacaine alone or in combination with 
bupivacaine was used. Fetal deaths occurred Е 2 р og 
in 30 paracervical blocks with 20 ml of 0.5 з Б y fg NG 
percent bupivacaine, and 1 death was seen i d > єс 55 Ta 
after 20 ml of 0.25 percent bupivacaine. One 5| о aa a па AB 8 S6 
mortality followed in the 7887 cases of local x|i|g9 saa 4d 46 so 
anesthetic mixture, but other factors may © 
have been responsible. @ 
— н 
Epidural Lidocaine. — No deaths have Б = = E 
been reported in any of the epidural lumbar djs = E AEN 
series studied (table 3). Shnider!? reported 2|2) £9 Da 
fetal toxicity from lidocaine, whether in- w + |5 | Xa ыы nid EE 
jected by the epidural, paracervical, puden- % 8 al ax Bun Ge HS Ba 
dal, or caudal route. In a series of 57 pa- & Е 21546 wae EFI 05 27 
tients, 3 groups were established. One 3|$|25 BUS ач Шы os 
group of 7 patients received single-dose cau- е |а om BEE Uo EE SS 
° А о TG ююо oa оо wh 
dal or lumbar epidural anesthesia. A second 2 MOS Soe ea са AR 
group of 27 patients had continuous caudal Е ne Ss 
or lumbar epidural anesthesia. The other 23 5 
patients had multiple-dose paracervical and о 
pudendal blocks. The average lidocaine 
doses in these groups were 3 to 4.8 mg/kg, 
8.19 mg/kg, and 5.6 mg/kg, respectively. 
Although the fetal toxicity was not given 5 S 
for each type of anesthesia, it was estab- aS Ss Et 
lished that only 1 infant had a low Apgar Te SS es SES 
score when the umbilical vein lidocaine con- КЕ © @ ig ша 
centration was <2.5 „g/ml. On the other BU du». o 
hand, 4/8 infants had low 1-minute Apgar ча one 8289 ЯЯ 888 
scores when the lidocaine concentration was 2/82 БН 8 B 855 SH SSE 
>2.5 „g/ml. Two of these depressed infants 5,89 SEE Рев EO BE 
had lidocaine levels of >3 „g/ml. No deaths gE SoS ee 58 SSE 
were reported in this series. Ho дай mus ao MAT 2 
Neonatal depression after maternal lum- {|с «e с ч о £ 
bar epidural anesthesia with lidocaine and v T A 
mepivacaine has been described. Of 32 3 
infants in this series, 3, whose mothers had E 
endured labor of 6, 9, and 9 hours, had © 8 Е : 
5-minute Apgar scores of 5 or less, requir- c a ч E a i 2 
ing extensive resuscitation. The epidural Ele. ds 5 а sh |3 
anesthetics had required 625 mg of lido- i|. ga f E ES | 
caine, 975 mg of mepivacaine, and 950 m да 3g 5 = gs | 
, , g ne we ж E ве IZ 
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of mepivacaine, respectively. Although the 
plasma concentration of mepivacaine in the 
mothers or depressed infants was not re- 
ported separately, the average maternal 
concentration from all mepivacaine epidural 
cases was 2.2 „g/ml, and the mean concen- 
tration of mepivacaine from all infants was 
1.6 „g/ml. The dose range of administered 
lidocaine was 135 to 930 mg. The plasma 
concentrations were almost identical to 
those of the mepivacaine group. The mater- 
nal mean lidocaine concentration was 2.2 
ng/ml and the neonatal plasma concentra- 
tion was 1.55 „g/ml. Despite the low neo- 
natal plasma concentrations, epidural anes- 
thesia with either lidocaine or mepivacaine 
produced fetal toxicity. 


Epidural Mepivacaine.—In a study of 
fetal depression caused by mepivacaine lum- 
bar or caudal epidural anesthesia in 56 
mothers,?? 5 infants of 19 patients who re- 
ceived lumbar epidural anesthetics were 
depressed at birth, with Apgar scores of 6 
or less (compared to 7/37 after caudal). 
These 5 infants were delivered after continu- 
ous anesthesia where mepivacaine dosage 
ranged from 4.4 to 9.4 mg/kg. The mepiva- 
caine levels in the maternal blood ranged 
from 2.37 to 7.47 „g/ml. Fetal umbilical 
vein levels measured 1.65 to 3.81 „g/ml. The 
Apgar scores of these infants were 1, 2, 3, 6, 
and 6. The mother of the Apgar-1 infant 
had experienced mepivacaine toxicity with 
apprehension, nausea, and vomiting; her 
mepivacaine-blood concentration was 7.47 
pg/ml, and the umbilical vein concentration 
was 3.81 „g/ml. There were no fetal or ma- 
ternal complications in 1 of the 2 infants 
with an Apgar score of 6. The low Apgar 
scores of the other 3 infants resulted from 
either fetal or maternal complications not 
related to the anesthetic agent. 


Although local anesthetics are not thought 
to show a substantial depression in concen- 
trations below the toxic levels discussed 
above, neurologic and behavioral tests do 
show consistent changes in the babies born 
after epidural block. Standardized neonatal 
neurologic tests?? have shown that babies 
born after epidural block have decreased 
muscular strength and tone during the first 
8 hours of life. It has been suggested?” that 
long-term investigations are needed to ex- 
plore implications of these findings, for 
neonatal adjustment and maternal-neonatal 
relationships. 


Although no direct comparisons can be 
made from the literature, the reported inci- 
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dence of fetal toxicity after lidocaine or 
mepivacaine epidural anesthesia does not 
appear to offer any significant advantage 
over the toxicity associated with paracervi- 
cal blocks with these agents. However, neo- 
natal deaths appear to be uncommon after 
epidural anesthesia with either. The litera- 
ture concerning bupivacaine appears to dif- 
fer significantly. 


Epidural Bupivacaine.—Continuous epi- 
dural anesthesia with bupivacaine has not 
been reported to be associated with mater- 
nal, fetal, or neonatal toxicity. In a descrip- 
tion of 12 cases of bupivacaine epidurals,?? 
the longest labor was 814 hours. Maternal 
plasma levels ranged from 0.22 to 0.61 „g/ml 
and umbilical venous plasma levels ranged 
from 0.25 to 0.94 „g/ml at birth. No mater- 
nal or fetal toxicity was observed, which is 
consistent with Jorfeldt's projected toxic 
bupivacaine levels (4 „g/ml for adults and 
2 to 2.5 „g/ml for infants) .!5 


In a study of maternal plasma concentra- 
tions after continuous lumbar epidural an- 
esthesia in 18 parturients,t! the maximal 
maternal plasma concentrations with 0.5 
percent bupivacaine averaged 0.744 (range 
0.45 to 1.33) „g/ml. The maximal mean 
level with 0.5 percent bupivacaine contain- 
ing epinephrine 1:200,000 was 0.555 (range 
0.388 to 0.908) „g/ml. Umbilical-vein con- 
centrations were 0.037 to 0.343 (mean 0.161) 
pg/ml for 0.5 percent bupivacaine and 0.092 
to 0.337 (mean 0.18) „g/ml for 0.5 percent 
bupivacaine with epinephrine 1:200,000, 
epinephrine lowering the maximal maternal 
plasma concentration but slightly increas- 
ing neonatal blood concentration. No tox- 
icity was observed in this study, neither the 
maternal nor the fetal plasma bupivacaine* 
levels approaching the projected toxic levels. 


Thomas’ 12 cases?? and Reynolds’ 18 
cases!! represent small series. Crawford,*? 
however, reported on 1000 cases, in which 
all complications were attributed either to 
the procedure (inadvertent subarachnoid 
taps, etc) or to the block but none to bupiva- 
caine toxicity. Although he did not specifi- 
cally comment upon fetal or neonatal de- 
pression, apparently no neonatal deaths 
occurred in this series. 


CONCLUSIONS 


The longer duration of action and lower 
effective total dose of bupivacaine appear 
to make this agent the amide of choice for 
continuous lumbar epidural anesthesia. Par- 
acervical block is a hazardous technic; if 
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it must be used, careful attention must be 
paid to total dose of the drug, avoidance of 
intravascular injection, and evidence of fetal 
distress prior to block. Placental insuffici- 
ency and prematurity are absolute contra- 
indications to paracervical block, according 
to Shnider.!? 


Although bupivacaine does not appear to 
offer any advantage over the other amide 
agents for paracervical block, the ester class 
of local anesthetics appear to offer definite 
advantages in terms of blood levels achieved 
and toxic manifestations. Local block with 
the ester anesthetics is reportedly effective 
for at least 114, hours; therefore, these anes- 
thetics would appear to be the agents of 
choice within 1 hour of delivery for any 
block. The relative safety and efficacy of 
the ester versus amide anesthetics should 
be carefully considered whenever a choice 
between paracervical, pudendal and local 
block is to be made. In addition, the rela- 
tive efficacy and toxicity of bupivacaine for 
continuous epidural blocks should continue 
to be studied. 
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CORRECTION 


Estimation of Anesthetic Solubility in Blood—Feingold. 


The formula appearing on page 595, Brief Reports Section of the July-August 1976 


issue should read: B/G = 0.89 W/G + 0.011 F/G 


(IIT) 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 6, Nov.-Dec., 1976 


839 


Obstetric Anesthesia Training Centers in the U.S.A.— 1975 


JAMES S. HICKS, MD* 
GERSHON LEVINSON, MD} 
SOL M. SHNIDER, MD 


San Francisco, California§ 


The current status of obstetric anesthesia train- 
ing in the United States is reviewed. The 39 
anesthesia residency training programs having 
full time chiefs of obstetric anesthesia were 
surveyed regarding clinical practice, physical 


HE training of personnel to provide ob- 

stetric anesthesia and the provision of 
this care to patients are continuing prob- 
lems. Of the 171 approved anesthesia resi- 
dency training programs in the United 
States, 39 have full-time chiefs of obstetric 
anesthesia. Presumably the teaching, re- 
search, clinical practice, and physical facili- 
ties for labor, delivery, and neonatal care at 
these centers would be of highest quality 
and may serve as models for all hospitals 
providing maternity care. The present study 
evaluates their compliance with recommen- 
dations of the Joint Commission on Accred- 
itation of Hospitals (JCAH),! American 
College of Obstetrics and Gynecology 
(ACOG),?? and American Society of Anes- 
thesiologists (ASA),*^ and how they have 
tlealt with weaknesses previously identified 
by АСОС and by Shnider.? 


METHOD 


In 1974 and 1975, with the assistance of 
the Society of Obstetric Anesthesia and Per- 
inatology, 39 chiefs of obstetric anesthesia 
responded to questionnaires designed to de- 
termine: 


*Research Fellow. 


facilities, teaching and research. This paper 
reports the results and compares them to rec- 
ommendations of JCAH, ACOG and ASA, con- 
cerning standards of patient care and resident 
teaching. 


1. The professional category of the per- 
sonnel administering obstetric anesthesia; 


2. The amount of faculty supervision; 


3. The type of anesthesia used for vaginal 
delivery and cesarean section; 


4. The physical facilities in the labor and 
delivery room and neonatal intensive care 
unit (ICU); 


5. The methods, amount, and scope of 
teaching obstetric anesthesia to anesthesia, 
obstetric, and pediatric residents and nurse 
anesthetists (RNA); 


6. The extent of research currently con- 
ducted in obstetric anesthesia and source of 
funding for research. 


RESULTS* 


Geographic distribution of the programs 
surveyed represents 22 states and the Dis- 
trict of Columbia. Twelve centers are in the 
East, 9 Southeast, 5 Midwest, 2 Southwest, 
and 11 Far West. All have both obstetric 
and anesthesiologic training programs and 3 





*Unless otherwise defined, percentages refer to 
hospitals. 
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are military hospitals. The total births per 
year among the hospitals is 121,210 (3% of 
the national births) with a mean of 3190 
(range 650 to 10,800). Of the 1376 anes- 
thesia residents in the USA, 711 train in 
these hospitals. An average of 2 residents 
are assigned to obstetric anesthesia at any 
one time. 


Since perinatology encompasses aspects 
of anesthesia, obstetrics, and pediatrics, we 
queried directors as to the organization of 
their departments. Five of the 39 (13%) 
employ a chairman of perinatal medicine 
overseeing parts of all 3 disciplines; 32 
(8295) have conventionally organized de- 
partments, and 2 (5%) report other unspe- 
cified structures. 


Clinical Practice.—Anesthesiologists give 
56 percent of anesthetics; obstetricians, 32 
percent; and RNAs, 10 percent. Three-quar- 
ters of patients delivering vaginally receive 
regional anesthesia, primarily pudendal 
nerve blocks, lumbar epidurals, and low 
spinals (*saddle-block") (table 1). Only 6 
percent of such patients receive caudal an- 
esthesia (1-shot or continuous). General an- 
esthesia is used in only 6 percent, and an 
endotracheal tube is placed in 2/3 of these 
cases. Lamaze or other psychoprophylactic 
technics are elected by 10 percent of the 
patients, with analgesic supplementation re- 
quired in 60 percent of these. 


TABLE 1 
Type of Anesthesia for Vaginal Delivery 





Percent of total 





Anesthesia technic deliveries* 
Minor regional 
Pudendal block 26 
Psychoprophylaxis 
Lamaze—with supplement 6 
without supplement 4 
Major regional 
Lumbar epidural—continuous 24 
Saddle block 21 
Caudal—continuous 5 
one shot 1 
Inhalation 
Inhalation analgesia 13 
General anesthesia—endotracheal 
tube 
General anesthesia—mask 2 


*Does not add up to 100 percent because some 
patients had 2 technics, eg, pudendal and inhalation 
analgesia. 
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TABLE 2 


Cesarean Sections Classified by 
Type of Anesthesia Used 


Percent of cesarean sections 


All Obstetrical 

minit p 
Spinal 53 24 
Inhalation 32 48 
Combination 9 -— 
Epidural 3 32 
Local 1 1 
Other 1 sa 


*ACOG Survey 1970.^ 


The cesarean section rate is 10.6 (range 7 
to 20) percent. Conduction anesthesia is 
most frequently used, with epidurals more 
popular than spinals (table 2). General 
anesthesia is used in 43 percent of cases. 


In at least 69 percent of the hospitals, 
patients with epidural blocks started during 
labor always are monitored by a physician, 
while in the other hospitals, RNs or RNAs 
monitor them. A physician or RN provides 
continuous patient care in 59 percent, but 
in 20 percent, the patient is monitored for 
less than 30 minutes after block (table 3). 


Despite severe fetal complications de- 
scribed after paracervical block (PCB),* 80 
percent of respondents use PCB occasion- 
ally to control pain during the 1st stage of 
labor. Fetal heart rate (FHR) changes 
always are monitored following the block. 
In half the hospitals, FHR is continuously 
monitored electronically, and in half by 


TABLE 3 


How Long Does Someone Stay with 
Patient After Block? 


Length of time Percent of hospitals 








5 minutes* 5 
15 minutes* 5 
20 minutes* 10 
30 minutes* 13 
60 minutes* 3 
Greater than 60 minutes but 
not continuous 5 
Continuous 59 

100 


*With variable intermittent rechecks. 
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TABLE 4 
Antepartum Education of Parents 





Percent of hospitals 


Some- 
Yes times No 


Are mothers interviewed 

during pregnancy by an 

anesthesia department 

representative ? 5 18 77 


Are mothers given any 
literature regarding 
alternatives of anesthesia ? 24 — "6 


Do mothers (and fathers) 
tour the OB suite during 
pregnancy ? 54 18 28 


Do they see films or other 
audio or visual aids 
concerning: 
Management of common 
problems during 
pregnancy ? 54 20 26 


Normal vaginal delivery ? 51 16 33 
Choice of anesthesia ? 49 10 41 


Is Lamaze instruction 


available ? 82 — 18 
Is it coordinated with the 
hospital? Т1 — 29 


лл 


auscultation at varying intervals for 5 to 20 
minutes after block. 


In half the hospitals, obstetricians admin- 
ister major conduction anesthesia, account- 
ing for 19 percent of the total blocks. In 10 
percent, RNAs administer regional anesthe- 
sia, but only a small fraction (2%) of the 
total number of blocks performed. 


Antepartum education of mothers and 
fathers to reduce anxiety and establish rap- 
port with the staff is an important aspect of 
contemporary obstetrics. Although most ex- 
pectant mothers and often fathers tour the 
obstetric suite during the antepartum period, 
in 3/4 of the hospitals, the anesthesia de- 
partment plays no role in these activities 
(table 4). Lamaze instruction is available 
to the patients in 82 percent. In 55 percent, 
preanesthetic evaluation of the parturient is 
immediate on arrival at the hospital; in 45 
percent, evaluation is just before anesthesia 
administration. 


Physical Facilities.—Each hospital has 
an average of 6 labor rooms, giving a ratio 
of 0.7 labor rooms/delivery/day. Only 1 re- 
spondent reports use of a combined labor/ 
delivery room, but another 7 (1792) plan to 
incorporate this feature in future construc- 
tion or remodeling plans. 


841 


In almost all hospitals, the labor suite 
possesses emergency resuscitation equip- 
ment, and in over half, O», suction equip- 
ment, and a resuscitator bag are kept in 
each labor room. In 85 percent, cesarean 
sections can be performed in each delivery 
room. While ECG monitors are available in 
3/4 of the delivery suites, less than 1/5 
have automatic blood pressure monitors. 


The immediate availability of blood prod- 
ucts is of particular concern to the obstetric 
anesthesiologist. Fifteen percent report that 
low-titer Rh-negative type O whole blood or 
packed cells are always available in the 
delivery room and in 95 percent, a blood 
bank is an average of 6 minutes away. 


Three-quarters of the hospitals can con- 
tinuously record FHR and intrauterine pres- 
sure in each labor room. All can monitor 
these variables in selected patients. The 
overall patient-monitoring rate is 42 per- 
cent. Fetal scalp blood sampling is available 
in 31/39 centers (79%). Facilities for 
blood-gas analysis exist in 56 percent of the 
obstetric suites. 


Seventy-nine percent of hospitals have an 
independent obstetric recovery room, while 
10 percent use the surgical recovery room. 
However, only 13/31 centers with obstetric 
recovery rooms employ specially trained re- 
covery-room nurses. 


Adjacent to the delivery rooms, 23 per- 
cent have an area designed for intensive 
neonatal resuscitation. Each hospital has a 
distinct intensive care nursery (ICN), 36 
percent of which are located near the obstet- 
ric suite. Twenty-one percent have a full- 
time neonatal anesthesiologist and 82 per- 
cent have at least 1 full-time pediatric neo- 
natologist. The neonate:nurse staffing ratios 
in these well-equipped units vary from 1:1 
to 4:1 (table 5). 


TABLE 5 
Neonate to Nurse Ratio in ICN 





Percent of 





Ratio hospitals 
1tol 18 
1 to 1 for very ill 24 
2 or З to 1 for others 
2tolor3to2 34 
3 tol 11 
4 to 1 or greater 13 
100 
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TABLE 6 
Conferences and Lectures 





Percent of 





hospitals 
Median not having 
Conference title frequency conferences 
Case review Weekly 12 
Perinatal morbidity Monthly 18 
and mortality 
Anesthesia morbidity Weekly 9 


and mortality 
High risk pregnancy Monthly 40 
Monthly 24 


Weekly 19 


Infant resuscitation 


Obstetric grand rounds 





Teaching.—In addition to the chief, 70 
percent of the hospitals use an additional 
1 or 2 faculty members to teach obstetric 
anesthesia. Faculty anesthesiologists are 
present at all times in 31 percent of the hos- 
pitals and in 85 percent, the faculty take 
both obstetric and surgical-anesthesia call 
nights and weekends. 


In 18 (46%) programs, over half the an- 
esthetics administered for vaginal delivery 
are directly supervised by faculty anesthesi- 
ologists. In 34 (8895) programs, more than 
half the anesthetics for cesarean sections 
are directly supervised by the faculty. In 
18/39 centers, every anesthetic for cesarean 
section is supervised by a faculty anesthesi- 
ologist. 


Teaching sessions, composed of formal 
lectures and informal rounds, vary widely 
(table 6). Two-thirds of the hospitals con- 
duct at least weekly case-review confer- 
ences; 3/4 hold at least monthly perinatal 
morbidity-mortality conferences, and 1/2 
conduct at least monthly infant-resuscitation 
seminars. 


Obstetric residents rotate through the ob- 
stetric anesthesia service in 51 percent, and 
these residents also rotate through the sur- 
gical anesthesia service in 31 percent. Rare- 
ly are pediatric residents assigned to anes- 
thesia: they rotate through the obstetric 
anesthesia service in 8 percent and also 
through the surgical anesthesia service in 3 
percent. Anesthesia residents rotate to the 
neonatal nursery in 21 percent and to ob- 
stetrics in 5 percent. 


Thirteen centers train RNAs in obstetric 
anesthesia. The majority teach administra- 
tion of general anesthesia and the monitor- 
ing of regional blocks. Five teach spinal and 
epidural anesthesia. 
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Research. — 'Three-quarters of the pro- 
grams include research of some type: 29 
pursue clinical studies while 14 also perform 
animal research. The most common source 
of funding research is the drug industry 
(4495). Thirty-two percent of the programs 
receive NIH support, while 24 percent re- 
ceive money from their schools of medicine. 


Only 10 centers currently have a clinical 
or research trainee (total, 21 trainees) in 
obstetric anesthesia, although 37 openings 
are currently available. Two-thirds of the 
chiefs believe that research experience 
should be required of all residents planning 
careers in obstetric anesthesia. 


DISCUSSION 


The 39 hospitals surveyed represent a 
small fraction of the 5000 obstetric services 
in the United States.^ However, they are re- 
sponsible for the major proportion of resi- 
dency training in obstetric anesthesia, and 
presumably the practice in these centers 
eventually will be reflected throughout 
American obstetrics. 


While the mean delivery rate at these 
hospitals is 3190/year, 13 have fewer than 
2000 and 23 have fewer than 3000 deliver- 
ies/year. A minimum of 2000 to 3000 deliv- 
eries/year probably is necessary to support 
round-the-clock coverage and teaching in 
obstetric anesthesia as well as ancillary 
services such as neonatal intensive care.*.? 
Smaller units likely are subsidized by the 
hospital or anesthesia departments to pro- 
vide training in obstetric anesthesia and op- 
timal care for parturient and neonate. This 
situation obviously is not ideal, and hope- 
fully efforts will be made to merge thes& 
units with others in the community to create 
larger maternity and child-health centers. 


The JCAH requires that “the same com- 
petence of anesthesia personnel shall be 
available for obstetrical . . . procedures as 
is available for elective procedures.”! 'Two 
surveys of all American maternity units?.!? 
published in 1970 and 1962, respectively, 
showed that anesthesiologists administer a 
minor percentage of total anesthetics for 
vaginal delivery (table 7), RNAs and ob- 
stetricians administering most of the anes- 
thetics. 'This has been attributed to problems 
of manpower, economics, and motivation.!! 
In the centers, where these factors are not 
as significant, anesthesiologists do provide 
most anesthesia (table 7). 


While it appears that obstetricians are 
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TABLE 7 


Category of Personnel Administering 
Anesthesia for Vaginal Delivery 











Most of Time 
Obstetrical 
Total maternity anesthesia 
units USA centers 
1962* 1970ї 1975 
Anesthesiologist 15 12 61 
CRNA 31 25 5 
Obstetrician 26 34 31 
RN, house staff, 
others 28 18 3 





*Phillips and Frazier.’ 
ТАСОС survey." 


administering an inordinately large percent- 
age of the anesthetics for vaginal delivery, 
the majority of these are pudendal nerve 
blocks, minor regional procedures not per- 
formed by anesthesia personnel (table 1). 
If all parturients, nationwide, were to re- 
ceive the same anesthesia coverage as those 
in the centers, anesthesiologists would ad- 
minister anesthesia to 2/3 of the 3 million 
annual deliveries. Such optimal obstetric 
anesthesia is not feasible without a major 
consolidation of maternity units and unless 
more anesthesiologists join in obstetric 
units. 


For the foreseeable future, obstetricians 
and RNAs must provide the major share of 
obstetric anesthesia. In 1/3 of the hospitals 
nationwide, obstetricians do most of the 
anesthesia for vaginal delivery. The Council 
on Resident Education in Obstetrics and 
Gynecology (CREOG), an intersociety or- 
ganization founded to improve all aspects 
of residency training in obstetrics and gyne- 
cology, believes that all obstetricians should 
possess skill in using common anesthetic 
and analgesic technics, including local in- 
filtration, spinal, epidural, and general an- 
esthesia.!? 


Accordingly, ACOG has recommended!? 
that all obstetric residents receive organized 
instruction for 2 or 3 months in anesthesia 
technics and management of anesthetic com- 
plications. Shnider's 1965 survey!* showed 
that 49 percent of obstetric residents re- 
ceived no formal instruction in obstetric an- 
esthesia from an anesthesiologist. Our pres- 
ent survey indicates little progress. Again, 
only about half the residents in obstetrics 
receive training in a department of anesthe- 
sia. Increased efforts in this area are essen- 
tial. 
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We believe that although a 2-to-3 month 
period of anesthesia training is a desirable 
aspect of an obstetrical residency, this length 
of time is insufficient to accomplish the 
CREOG aims. We endorse the 1974 ACOG 
standards:? 


“Whenever possible, obstetric anesthesia 
should be supervised by a qualified anesthe- 
siologist, and administered by an anesthe- 
siologist or a certified registered nurse anes- 
thetist. It is further recommended that the 
safest methods for the obstetrician himself 
to use, when the above personnel are not 
available, are infiltration anesthesias such 
as local block, paracervical block, or puden- 
dal block." 


In 25 percent of American maternity hos- 
pitals, RNAs administer most anesthetics 
for vaginal delivery.® They primarily admin- 
ister inhalation anesthesia and analgesia and 
monitor but never administer a major re- 
gional anesthetic.!? Regional anesthesia is 
preferred for vaginal delivery in the 39 units 
we surveyed. At present, only 5 centers, 3 of 
which are in military hospitals, train RNAs 
to administer major conduction anesthesia. 
Should not more RNAs be trained to do re- 
gional blocks under supervision? The ob- 
stetric anesthesia centers would be logical 
sites for such training. 


'The anesthesia used in the centers differs 
from that used in most other American ma- 
ternity units. This reflects both the avail 
ability of fully trained obstetric anesthesi- 
ologists and also their belief as to the best 
anesthetic technics. For example, ACOG 
(table 8) found that the majority of vaginal 
deliveries were conducted under inhalation 
anesthesia in 36 percent of maternity units, 


TABLE 8 


Percent of Hospitals Classified by Type 
of Anesthesia Most Often Used for 
Vaginal Delivery 


All Obstetrical 
maternity* anesthesia 
units, centers, 


Type of anesthesia percent percent 





Inhalation 36 0 
Local and pudendal 16 33T 
Spinal and epidural 14 57t 
Other 12 5 
No predominant type 22 5 


*ACOG Survey 1970.5 
TOften includes inhalation analgesia. 
157% = 31% saddle; 21% epidural; 5% caudal. 
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but in no center is inhalation anesthesia the 
most popular technic; only 6 percent of 
vaginal deliveries were conducted under 
general anesthesia (table 1), and we believe 
obstetric indications necessitated this use. 
It is noteworthy that 2/3 of these patients 
had endotracheal intubation to protect them 
from aspiration pneumonitis. 


'The majority of vaginal deliveries are con- 
ducted under spinal or epidural anesthesia 
in only 14 percent of American hospitals 
but in 57 percent of the centers (table 8). 
Most patients in the centers receive major 
regional anesthesia (table 1), the most pop- 
ular technic being continuous lumbar epi- 
dural anesthesia. Caudal epidural blocks, 
long popular in obstetrics and considered by 
many authorities one of the best methods of 
obstetric anesthesia,!? are used only in 6 
percent of deliveries. 


Patients who receive continuous epidurals 
must be carefully monitored by trained per- 
sonnel. The ACOG technical bulletin? rec- 
ommends measurement of blood pressure at 
least every 2 minutes for the first 10 min- 
utes and then at least every 5 minutes for 
the next 20 minutes after anesthetic injec- 
tion. This is a minimum standard, consid- 
ering the constant supervision a surgical pa- 
tient receives following an epidural block in 
the operating room, but even this recom- 
mendation is not followed in 20 percent of 
the centers (table 3). 


Despite widespread publicity and the 
availability of Lamaze instruction (82% of 
centers), only 10 percent of parturients use 
this technic, and the majority of these re- 
quire some form of supplementary analge- 
sia. This suggests that psychoprophylaxis 
should not be depended upon to replace 
conventional obstetric anesthesia. 


Ideally, an anesthesiologist should see 
each parturient either individually or in a 
group setting as part of antepartum orienta- 
tion and education, to establish rapport with 
the patient and describe the risks and bene- 
fits of the various types of anesthesia avail- 
able. Yet in only 5 percent of centers are 
mothers interviewed during the antepartum 
period. Failing such an antepartum oppor- 
tunity, an intrapartum, unhurried preanes- 
thetic evaluation and discussion of anesthe- 
sia should be performed immediately on the 
parturient's arrival in the delivery suite. 
Unfortunately, in half the hospitals an an- 
esthesiologist does not see the patient until 
immediately prior to administration of an- 
esthesia. 
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Within the centers, the popularity of epi- 
dural anesthesia for cesarean section is 
striking. Whereas the ACOG study of all 
maternity units showed that epidural anes- 
thesia was used in only 3 percent of cesarean 
sections, in the centers it is used in 32 per- 
cent. Both groups use conduction anesthe- 
sia with similar frequency for cesarean sec- 
tion, but spinal is less popular within the 
centers (table 2). We speculate that al- 
though the onset of anesthesia is more rapid 
with spinal, department chiefs prefer the 
slower onset and more controllable anes- 
thetic levels and cardiovascular alterations 
with epidural blocks. 


Perinatology.—Progress toward a multi- 
trained specialist in perinatology is slow. 
Only 13 percent of the centers have a com- 
bined perinatology service, 8 percent of the 
hospitals have pediatric residents rotate in 
obstetric anesthesia, and 21 percent have 
anesthesia residents rotate to the neonatal 
nursery. Whether perinatology as a distinct 
specialty represents a discipline of the fu- 
ture is not clear. Physicians still attach 
great significance to the concept of the “fully 
trained" specialist. Whether there can exist 
a "perinatologist" who is obstetrician but 
not gynecologist, obstetric but not surgical 
anesthesiologist, and neonatologist but not 
general pediatrician is speculative. At pres- 
ent, the majority of the centers have com- 
bined interdisciplinary conferences and sem- 
inars. Surprisingly, a quarter of the centers 
have no conferences on infant resuscitation. 


Equipment and ICUs.—JCAH requires, 
and ASA and ACOG recommend, that 
equipment for the obstetric patient equal 
that available for surgical patients.'? Most 
centers comply with these recommendations, 
Virtually every delivery room has an anes- 
thesia machine, wall suction, piped O., and 
infant resuscitator. In 85 percent of the 
hospitals, cesareans can be performed in 
each delivery room. In contrast, a quarter 
of the nationwide hospitals surveyed by 
ACOG required more than 40 minutes to 
prepare for an emergency cesarean. 


While each center has a well-equipped 
neonatal ICU, only 23 percent have an area 
immediately adjacent to the delivery room 
for major resuscitation of the premature or 
severely asphyxiated newborn. Such an area 
is indispensible in minimizing the delay be- 
tween delivery and the institution of defini- 
tive resuscitation. 


ICU staffing in the centers is generally 
good, with 82 percent having at least 1 full- 
time neonatologist. However, the neonate: 


Obstetric Anesthesia Training . . . Hicks, et al 


nurse ratio is not ideal; in only 42 percent 
is a very ill neonate attended by a nurse at 
all times, and in only 72 percent is the ratio 
of 1 nurse to 2 neonates observed. 


CONCLUSIONS 


Between 250 and 400 major referral cen- 
ters for obstetric and neonatal problems 
("Level IIT" facilities) will be necessary to 
provide optimal maternal and neonatal care 
in the USA.'® A group of concerned organ- 
izations represented in the Committee on 
Perinatal Health has produced the follow- 
ing recommendations for such centers: 


"Anesthesia services must be directed by 
an anesthesiologist with special training in 
maternal-fetal and neonatal anesthesia. . . .” 


Obstetric anesthesia centers must assume 
responsibility for this special training in ad- 
dition to their routine training of obstetri- 
cians and anesthesiologists. 


Currently, 75 percent of these centers do 
not have a clinical or research trainee in 
obstetrical anesthesia either because of lack 
of funds or qualified or interested candi- 
dates. If the modest goals of the Committee 
on Perinatal Health are to be attained, sig- 
nificant increases in financial support, train- 
ing facilities and personnel must be forth- 
coming. 
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Statistical Pearls IIl. The Most Likely Interpretation 


PATRICK D. HARRIS, PhD* 


Рр is probably the most impor- 
tant word in modern biomedical re- 
search. Yet, it would be difficult for most 
of us to answer the question, *What is prob- 
ability?" In a sense, probability is like a 
pregnant woman in that it is a currently 
existing condition which defines an expected 
future event. Probability is a prediction of 
the future, but our measure of probability 
comes from past observations. The more in- 
formation we have about past events, the 
better is our prediction of a future possi- 
bility. 


Recently, a colleague, D. L. Wiegman, 
brought me some interesting data which in- 
volved one interpretation of probability. 
Essentially, he had used a well-defined pro- 
tocol to hemorrhage rats for 1 hour. He had 
records of body weight (grams) at the time 
of hemorrhage and death (d) or survival 
(s) for the 24-hour period which followed 


reinfusion of the hemorrhaged volume. 
ТҺезе data were: 166/s, 196/d, 146/d, 
191/s, 204/s, 153/d, 208/d, 206/s, 220/d, 


119/d, 185/s, 175/s, 151/d, 140/s, 140/d, 
139/d, 179/s, 158/d, 161/s, 143/s, 155/0, 
144/d, 145/s, 180/s, 196/s, 172/s, 172/s, 


112/d, 159/s, 120/d, 115/d, 116/s, 127/d, 
155/d, 117/s, 110/d, 114/s, 150/s. 'The aver- 
age weight was 156 gm, with a range from 
110 to 220 gm and survival was 52.6 percent 
(20sX100/38). At this point, one might 
predict that any future rat would have a 
52.6 percent probability of being alive 24 
hours after hemorrhage with the protocol. 
Is this a good prediction regardless of the 
weight of this future rat? 


An investigator might attempt to answer 
this question by construction of a histo- 
gram! for the existing data. One such at- 
tempt would give a histogram with "per- 
cent survival in each weight class" on the 


*Investigator, Dalton Research Center; Associate Professor of Physiology, University of Missouri School of 


Medicine, Columbia, Missouri 65201. 


Medical Statistics . . . Harris 


ordinate and with “body weight in grams" 
on the abscissa. The abscissa would be di- 
vided into 8 class intervals with a starting 
point of 100 gm and with an interval size 
of 15 gm. This histogram would be difficult 
to interpret, however, because 6 of the inter- 
vals would contain 5 or less observations 
(animals). 


For the individual weight/survival data 
above, we posed the question, “15 the prob- 
ability for survival independent of body 
weight (ie, the same for weights between 
110 and 220 gm)?" We will approach the 
answer to this question by use of a cumula- 
tive distribution curve (fig 1). For our data, 
the abscissa is expressed as “body weight 
in grams” with “steps” which are as small 
as possible. Ideally, we should have one 
observation for each abscissa step from the 
smallest weight to the largest weight, so we 
have selected a 3-gm step size (approxi- 
mately [200-110]/38). The first step is se- 
lected by the formula: the “largest weight” 
(220 gm) minus the product of the “step 
size" (3) and the “number of observations 
less one” (38 — 1). Thus, our starting point 
is 220 — (3 х 37) or 109 gm. For each 
*step" on the abscissa, an ordinate value is 
calculated as the cumulative survival for 
all observations with body weight less than 
or equal to ( €) the "step weight." 


For example, the 1st step is 109 gm. 
Since our data do not contain any animals 
with weight < 109 gm, we move to the next 
step (109 + 3 = 112 gm). Our data contain 
2 animals (112/d and 110/d) with weights 
«112 gm. Since neither of these animals 
survived, the cumulative survival (ordinate 
value) is 0 percent. The next step (112 + 3 
*- 115) contains 4 animals (112/d, 115/d, 
110/d, 114/s) with weights X115 gm. The 
cumulative survival is 25 percent. The cu- 
mulative survival is calculated for each of 
the remaining steps in a similar fashion and 
is plotted on the ordinate in figure 1. 'The 
last step (217 + 3 = 220) includes all ani- 
mals, and thus has the ordinate value which 
is the survival (52.6 percent) for all obser- 
vations. 


How does one interpret this cumulative 
distribution curve to investigate the possi- 
bility of a relationship between survival and 
body weight? Perhaps an insight for this 
interpretation can be gained from examina- 
tion of theoretic data. I have generated a 
sequence of 38 theoretic observations of sur- 
vival and death by using a table of random 
numbers to assign 1 observation to each 
3-gm step over the range 109 to 220 gm. 
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Fic 1. Cumulative distribution curve for survival 
of 38 rats during the 24-hour period following hem- 
orrhage. (Data from D. L. Wiegman) 


Each observation has a 50 percent chance 
of being a death or a survival and there is 
no relationship between survival probabil- 
ity and “weight.” 


A cumulative distribution curve for this 
theoretic data is shown (fig 2); this curve 
demonstrates the characteristic of “converg- 
ence,” in that the percent survival for the 
first 10 to 16 steps is above or below the 
“real” probability of 50 percent; however, 
the “error” between the calculated value 
and the “real” value becomes smaller as 
more steps are added. 


This property of convergence is better 
demonstrated in another manner. A cumu- 
lative distribution curve is arbitrarily con- 
structed for the lower one-half (19) of the 
total number of theoretic observations. This 
curve appears in the left half of figure 3 for 
steps from 109 to 163 gm. Another cumula- 
tive distribution curve is constructed for 
the upper one-half (19) of the total number 
of observations by starting with the highest 
weight and stepping downward (right half 
of fig 3). In this curve, the ordinate value 
for each step is the cumulative survival for 


% SURVIVAL FOR ALL ANIMALS 
WITH WEIGHT = X GRAMS 


xe ns 130 145 160 175 190 205 220 
BODY WEIGHT IN GRAMS 


Fic 2. Cumulative distribution curve for survival 
of 38 "theoretic" animals for which the probability 
of survival is 50 percent and is independent of body 
weight. 'The sequence of survival and death observa- 
tions was obtained from a random number table.” 
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Fic 3. Cumulative distribution curves for survival 
of 19 “theoretic” animals with weights <163 gm 
(left panel) and 19 “theoretic” animals with weights 
>163 gm (right panel). The sequence of theoretic 
survival and death observations is the same as used 
for the cumulative distribution curve in fig 2. 


all observations (theoretic animals) with 
weight greater than or equal to (>) the 
abscissa value. (For example, the first step 
is 220 — 3 = 217 and the ordinate is percent 
survival for all “animals” with weight > 217 
gm.) Figure 3 demonstrates convergence 
because the survival (47.3%) in the last 
step (160-162 gm) for the lower cumulative 
curve (left panel) approaches the survival 
(52.6% in the last step (166-163 gm) for 
the upper cumulative curve (right panel). 
These survivals (47.3% and 52.6%) also 
approach (ie, converge toward) the “real 
value” of 50 percent. 


Comparison of our animal data (fig 1) to 
our theoretic data (fig 2) suggests the ab- 
sence of convergence in the animal data 
(fig 1). The cumulative distribution in fig- 
ure 1 appears to converge toward 35 per- 
cent until step 163 is reached. Following 
this step, the cumulative curve appears to 
converge toward the survival of 52.6 percent 
for the “last step" (217-220). This suspi- 
cion of divergence (lack of convergence) is 
better investigated by arbitrarily dividing 
the data at the point which precedes the 
suspected change (step 160). 


Figure 4 shows the cumulative distribu- 
tion curve for 23 animals with weight «160 
gm (left panel) and that for 15 animals 
with weight 160 gm (right panel). In 
contrast to "convergence" for our theoretic 
data in figure 3, our animal data in figure 4 
appear to diverge (35% survival for the 
157-160 step in the left curve and 80% 
survival for the 163-160 step in the right 
curve). This suggests that body weight in 
the 110 to 220 gm range influences survival 
of hemorrhage. In other words, we would 
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Fic 4. Cumulative distribution curves for survival 
of 23 rats with weights «160 gm (left panel) and 
for 15 rats with weights 7160 gm (right panel) dur- 
ing the 24-hour period following hemorrhage. These 
were obtained from the same raw data as used for 
the cumulative distribution curve in fig 1. 


not predict that a future rat would have a 
52.6 percent probability of being alive 24 
hours after hemorrhage, with my colleague's 
protocol. 


As a conclusion to this discussion on 
probability and cumulative distribution 
curves, several points need emphasis: 


(a) The end (last) step in a cumulative 
distribution gives a “best estimate" of prob- 
ability; yet, it does not necessarily give the 
exact probability (or chance) that an event 
will happen. 


(b) The "lower" and “upper” cumulative 
distributions can indicate convergence if the 
end step probabilities are as close to each 
other as in figure 3, or divergence if they are 
as far from each other as in figure 4. (How 
close is “close?” This is most appropriately 
answered by statistical tests, which have 
not been discussed here.) 


(c) Cumulative distribution curves usu- 
ally work very well for 18 or more observa- 
tions, whereas histograms usually require 
40 or more observations to give useful inter- 
pretations. 


(d) Cumulative distribution curves do 
not prove or statistically test anything; yet, 
they can lead to a hypothesis which could 
otherwise be overlooked and which can sub- 
sequently be tested statistically. 
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Pressure During 0; 


Encephalography and N;O Inhalation 


WILLIAM L. PAUL, MD* 
EDWIN S. MUNSON, МОТ 
JACK E. MANISCALCO, MD: 


Gainesville, Florida§ 


Cerebrospinal fluid (CSF) pressure was stud- 
ied in 8 patients and 5 dogs during pneumo- 
encephalography (PEG) or ventriculography in 
which either O ог №0 was used as the con- 
trast gas prior to and during N.O inhalation. 
In 7 patients, the use of О» as the contrast 
gas increased CSF pressure 8.7 torr (range 4 
to 12 torr) following N:O inhalation. In 1 pa- 


"Tz inhalation of М.О during pneumo- 
encephalography (PEG) has been 
shown by Saidman and Eger! to markedly 
increase cerebrospinal fluid (CSF) pressure. 
Increase in pressure during PEG is related 
to the differential solubility of NO and N, 
in blood, which results in a greater transfer 
of М.О from blood to gas than of N, from 
gas to blood. Since N.O inhalation is com- 
monly used during and after this procedure, 
some clinicians use O, as the contrast gas 
medium to avoid this hazard. 


Although О, is more soluble than N.O 
in blood, the differential solubility between 
О, and N.O is sufficiently great that the 
inhalation of N.O during O, PEG theoreti- 
cally would increase CSF pressure. There- 
fore, we measured CSF pressure in patients 
during PEG, in which O, was used as the 


*Resident in Anesthesiology. 
Professor of Anesthesiology. 


tAssistant Professor of Neurological Surgery. 


tient, when №0 was used as the contrast gas, 
CSF pressure did not change after N.O inhala- 
tion. These findings were confirmed in anes- 
thetized animals ventilated at a constant 
Расо. The authors conclude that if N:O in- 
halation is required during PEG, maximum 
patient safety can be achieved if the contrast 
gas is also N.O. 


contrast gas before N.O inhalation. Anes- 
thetized dogs ventilated at constant levels 
of Paco. were similarly studied. 


METHODS 


Clinical Studies.—Eight patients ranging 
in age from 10 to 53 years and scheduled 
for PEG or ventriculography were studied.* 
Each patient was premedicated with seda- 
tive doses of barbiturate and narcotic drugs. 
Additional sedation was obtained by admin- 
istering Innovar? IV as necessary. Arterial 
blood pressure was measured by standard 
auscultatory methods, and heart and respira- 
tory rates were recorded continuously. Each 
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patient was in the sitting position when 
studied, and a spinal or ventricular catheter 
was attached to a pressure transducer. Lum- 
bar subarachnoid or CSF pressure was con- 
tinuously recorded on a Grass polygraph. 
Contrast gas in 7 patients was О„ and in 1 
patient was N.O. All inhaled gases were 
given at an inflow rate of 10 L/min by face 
mask attached to a Bain circuit. 


Following administration of the O, con- 
trast and stabilization of CSF pressure, we 
recorded control pressures after patient in- 
halation of 100 percent O, for 5 minutes. 
Patients then inhaled 50 percent N.O until 
no further rise in CSF pressure was noted, 
then N.O was discontinued and O, inspired 
until CSF pressures returned to control 
levels. This sequence was repeated 1 to 6 
times in each patient, with all patients in 
the sitting position. The patient given N.O 
for contrast also inhaled N.O 5 times in 
concentrations ranging from 30 to 70 per- 
cent. 


Animal Studies.—Additional experiments 
were performed on 5 male mongrel dogs 
ranging in weight from 16 to 18 kg. Each 
animal was anesthetized with pentobarbital 
(25 mg/kg) and immobilized with pan- 
curonium. Following endotracheal intuba- 
tion, animals were placed supine and ven- 
tilated with O», using a volume-limited ven- 
tilator. End-tidal CO. concentration was 
continuously monitored with a Godart cap- 
nograph to maintain Paco, values constant 
within a range of 35 to 45 torr. Blood pres- 
sure was recorded by a pressure transducer 
from a catheter placed in the femoral artery. 


With the animal's head in flexion, an 18- 
gauge spinal needle was placed percutane- 
ously into the cisterna magna and was at- 
tached to a pressure transducer to continu- 
ously measure CSF pressure. Dogs were 
ventilated with 100 percent O, to obtain 
control pressures, after which N.O (50 or 
70%) was inspired for 10 minutes. Fluid- 
gas interchange was achieved by removing 
5 to 10 ml of CSF in 1 to 2 ml increments 
in exchange for equivalent volumes of either 
N.O ог Os. When the cisternal administra- 
tion was complete and CSF pressure had 
stabilized, М.О was inhaled in 50 or 70 per- 
cent concentrations until no further rise in 
CSF pressure occurred. When more than 
1 gas was studied during the same experi- 
ment, М.О was inhaled before the next con- 
trast gas was administered. If no pressure 
rise occurred, we assumed that the previous 
contrast gas had been absorbed. 
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TABLE 1 


Mean = SD (and Ranges) CSF Pressures 
During О» Encephalography in 8 Patients 
Following Inhalation of 50% N;O 











Contrast Number of Increase in CSF 
Patient Age volume exposures pressure 
number (years) (ml) to N20 (torr) 
1 48 60 3 11.8 (8-14) 
2 20 70 + 8.7 (6-12) 
3 53 43 3 6.0 (4-10) 
4 28 220 2 9.5 (7-12) 
5 10 220 1 10.0 - 
6* 81 220 T 70 — 
7* 82 40 6 8.3 (4-12) 
8 19 60 1 22.00 — 
Mean 80.4 8.7t 
+SD 15.7 1:9 





*Represents ventriculography. 

*Value from a patient with hydrocephalus not in- 
cluded in calculations. 

1р<0.01. 


RESULTS 


Clinical Studies.—CSF pressure increased 
8.7 torr (range 4 to 12 torr) in 6 patients 
whose initial CSF pressures were normal 
(table 1). This increase occurred within 3 
minutes (range 2 to 3.5 min). The CSF 
pressure in 1 patient with known hydro- 
cephalus (initial CSF pressure 20 torr) in- 
creased 22 torr. The volume of O, injected 
as a contrast gas ranged from 10 to 70 ml. 
No correlation between the volume of in- 
jected gas and the CSF pressure increase 
was observed. 


No change in CSF pressure was seen in® 
the patient who received N.O inhalation 
prior to injection of intrathecal N.O. No 
changes in arterial blood pressure or respira- 
tory rate occurred during М.О inhalation. 
Both O, and N.O contrast produced satis- 
factory x-rays. 


Animal Studies.—In each animal there 
was a small increase in CSF pressure (1 to 
2 torr) prior to cisternal gas injection, and 
in arterial blood pressure (10 to 20 torr) 
during N.O inhalation (table 2). These 
pressure changes did not return to control 
levels when N.O inhalation was discontin- 
ued. Following O, encephalography, an in- 
crease in CSF pressure of 9.7 torr (range 
З to 21 torr) was observed when N.O was 
inhaled in 50 or 70 percent concentration. 
In 3 animals which also received N.O in- 
jections while breathing N.O in 50 or 70 


Cerebrospinal Fluid Pressure ... Paul, et al 


TABLE 2 


Mean = SD (and Ranges) CSF Pressure 
Changes in 5 Dogs During O; 
Encephalography Following N20 Inhalation 





Increase in 
CSF pressure 
(torr) 


6.5 (5-8) 


Contrast Number of 
volume exposures 
Animal (ml) to N20 


1 30 4 0.5 36 


Pacoz 


FiNsO (torr) 








2 15 3 0.5 35 3.0 — 
3 5 1 0.7 33 10.0 — 
4 5 1 0.7 35 210 - 
5 5 1 0.7 38 80 — 
Mean 35 9/T* 
+SD 2 68 





*p<0.01. 


percent concentration, no changes in CSF 
pressure were noted. 


DISCUSSION 


The inhalation of N.O during air enceph- 
alography, first shown to increase CSF pres- 
sure by Saidman and Eger,! is a phenome- 
non related to the 34-fold difference in 
blood/gas partition coefficients between N.O 
(0.46) and N, (0.013). Therefore, at the 
same partial pressure, for every molecule of 
N, that moves from the gas space into the 
blood, 34 molecules of N,O move from the 
blood into the gas cavity. When this differ- 
ential gas exchange occurs in a noncompli- 
ant space, such as the cerebroventricular 
system, an increase in pressure results.? 


The differential solubility between N.O 
and O, also is sufficiently great to produce 
*i gas bubble amplification effect. We calcu- 
late that the functional partition coefficient 
for O, is approximately 0.08, the difference 
between the O, content that blood can hold 
(about 20 volumes percent) and the amount 
present in cerebral venous blood (about 12 
volumes percent). These assumptions are 
supported by the work of Philippart,? who 
observed that the O, content of ventricular 
gas during air encephalography with N.O 
anesthesia does not fall below 12 volumes 
percent. In each patient, the use of О, as 
the contrast gas increased CSF pressure fol- 
lowing N.O inhalation. The same response, 
although to a lesser degree, was observed 
in dogs ventilated at constant Paco, levels. 


Gordon and Greitz* showed that PEG 
during N.O anesthesia in normal patients 
increased CSF pressure. However, this in- 
crease always remained within the normal 
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range. They suggested that NO contrast 
would be safer in patients in whom increased 
intracranial pressure existed. Recent studies 
by Elwyn and his colleagues? support this 
recommendation. 


Our findings show that the use of O, con- 
trast during N.O anesthesia in patients also 
elevates CSF pressure. While these changes 
are moderate and probably clinically insig- 
nificant in normal patients, caution must 
be exercised with patients who have abnor- 
mal ventricular systems. Such patients fre- 
quently have decreased ventricular compli- 
ance, so that small changes in intracranial 
volume greatly increase CSF pressure. 
Therefore, N.O diffusion into the O, "space" 
could produce increased ventricular volume 
and pressure. Our patient with hydrocepha- 
lus showed just such a significant increase 
in CSF pressure. 


We conclude that if N.O inhalation is 
used during PEG, the use of O, as the con- 
trast gas may be associated with some in- 
crease in CSF pressure, but increase of 
CSF pressure from the contrast gas during 
N.O inhalation can be prevented if the 
contrast gas is also №0. 
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Guest Discussion 


RICHARD A. ELWYN, MD 
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Thank you for the opportunity to discuss 
Dr. Paul’s paper. We have been interested 
in the technic of encephalography since 
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1965, when Eger and Saidman first suggest- 
ed the hazards of combining N.O anesthesia 
and air contrast medium because of in- 
creased CSF pressures.! In those instances 
where N.O was used in the anesthetic, they 
suggested that N.O also be used as the con- 
trast gas. This would decrease operative 
complications and postoperative morbidity. 


Dr. Paul has shown that O. can be satis- 
factorily used as a contrast medium in en- 
cephalography, but that the CSF pressure 
will increase to moderate levels when N.O 
is inhaled. 


Why then, since 1965 when it was first 
suggested, has N.O not been used as the 
contrast medium for encephalography? The 
only quoted negative opinion is the 1969 
paper by Collan and livanainen,? which at- 
tributed a cardiac arrest to the technic and 
was explained by the rapid elimination of 
ventricular М.О with a fall in CSF. An 
analysis of that paper reveals other possible 
causes of the cardiovascular collapse. 


When Collan and livanainen published 
their paper, they reported 300 successful 
cases, where the anesthetic gases were in- 
jected as the ventricular contrast medium. 
At Primary Children's Medical Center, we 
had completed over 240 pneumoencephalo- 
grams in children, using 100 percent N.O as 
the ventricular contrast medium and using 
halothane-N.,O-O, anesthesia. We continued 
to use our technic and have now studied a 
total of 475 encephalograms.? 'There were 
no instances of subdural hematoma or car- 
diovascular collapse following the proce- 
dure nor were there any other neurologic 
complications. 


The rationale for general anesthesia in 
pneumoencephalography is a more comfort- 
able and a quiet patient and thus better and 
quicker radiologic results. If general anes- 
thesia is chosen, then the optimum advan- 
tages of the technic of N,O anesthesia and 
N.O contrast medium can be obtained. All 
things being equal, we can conduct a safer 
anesthetic course by eliminating rises in 
CSF pressure and in minimizing the risk of 
venous embolism. Postoperatively, the rap- 
id elimination of the ventricular contrast 
N.O results in less emesis, less headache, а 
more comfortable patient, and a more rapid 
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hospital discharge, when compared to air as 
the contrast medium. 


As early as 1951, Davidoff! recognized 
that the aim of treatment in decreasing mor- 
bidity from gas encephalography should be 
the rapid elimination of the contrast medi- 
um. Most of the ventricular N.O will be 
gone within 15 minutes. Ventricular air may 
remain for a week or more and be respon- 
sible for emesis and headache. 


Fatalities occur during and following 
pneumoencephalography because of the un- 
derlying disease, brain herniation, and air 
embolism. Fatal venous gas embolism has 
occurred with helium, air, and O,. It is dif- 
ficult to understand that the report of 1 
cardiovascular collapse in the literature 
forms the basis for condemnation of a useful 
technic. If smaller amounts of CSF are 
removed, the fluid will be replaced rapidly. 
CSF forms at a rate of 0.4 ml/min and is 
independent of CSF pressure up to 200 mm 
Н.О pressure. In our study, we routinely 
injected 2 to 4 times the amount of N.O 
compared to CSF removed. CSF pressures 
taken within minutes of the N.O injections 
were normal. This may help explain our 
lack of neurologic complications. 


Dr. Paul has again shown that CSF pres- 
sures increase when N.O anesthesia is used 
with contrast gas media other than N.O. 
The patient with an abnormal ventricular 
system may react unfavorably to the in- 
creased CSF pressure. For the comfort and 
safety of patients, N.O contrast medium 
and N.O anesthesia should be considered. 
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Uptake and Excretion of 1-Bromo-1,2,2-Trifluorocyclobutane 
(42M-9) in Man: Comparative Study on Pharmacokinetics 
and Metabolism of Inhalation Anesthetics 


DUNCAN A. HOLADAY, MD* 
VERA FISEROVA-BERGEROVA, PhD} 


Miami, Floridat 


1-bromo-1,2,2-trifluorocyclobutane (42M-9) has 
physical properties similar to those of meth- 
oxyflurane and has been suggested for use as 
an anesthetic agent. Its MAC value, predicted 
from its lipid solubility, is 0.26 percent. No 
clinically significant changes were observed in 
cardiovascular or respiratory function or in 
clinical laboratory tests. Ventricular dysrhyth- 
mias were not seen in this study at analgesic 
concentrations in contrast to those reported at 
anesthetic concentrations by others. Pulmonary 
uptake was high and wash-out was slow. The 
total amount exhaled comprised 60 percent of 
the dose. Fluorine, equivalent to 11 percent 
of total uptake, was rapidly excreted in urine 
as nonvolatile fluorinated metabolites. An addi- 
tional 9 percent of 42M-9 was degraded to 


R ros of hepatotoxicity and nephro- 
toxicity following the administration 
of commonly used halogenated anesthetic 

¿agents have stimulated the search for safe 
alternative volatile anesthetics. The toxicity 
of halogenated anesthetics is related to me- 
tabolism;!-> therefore, the search for an ideal 
agent has turned to compounds which would 
be metabolized little or not at all. 


Compound 42M-9 (1-bromo-1,2,2-trifluor- 
ocyclobutane) * has been tested in animals 
and found to be a stable, potent anesthetic 
agent. The following study was undertaken 





*Dewey and Almy Division, W. R. Grace & Com- 
pany. 


*Professor. 
fAssociate Professor. 


fluoride and excreted in urine. Since an amount 
of fluoride equivalent to that excreted in the 
urine tends to be deposited in the skeleton, 
approximately 29 percent of uptake may pos- 
sibly be accounted for as metabolites. Based 
on fluorine recovery, the fate of 11 percent of 
42M-9 uptake remains unknown. The kinetics 
of uptake, metabolism and excretion of 42M-9 
did not differ significantly over a fivefold 
change of inspired concentration. A comparison 
of the pulmonary clearance of unaltered 42M-9 
and the fraction of uptake converted to urinary 
metabolites or unrecovered with those of other 
volatile halogenated anesthetics and their phy- 
sical properties supports the conclusion that 
42M-9 is relatively resistant to biotransforma- 
tion. 


to establish the susceptibility of 42M-9 to 
biotransformation in man and to get infor- 
mation about the pharmacokinetics of its 
uptake and excretion. The effect of inhaled 
concentration on extent of metabolism was 
also investigated. 


METHOD AND PROCEDURE 


Administration of 42M-9.—The subjects 
were 8 healthy informed male volunteers 
averaging 22 (+ 2.76) t years of age, of nor- 
mal build [mean body weight 82 ( 12) kg 
and body height 181 (+ 5.4) cm.] None of 


Data in parentheses following means are standard 
deviations. 





tDepartment of Anesthesiology, University of Miami School of Medicine, Miami, Florida 33152. 
'This study was supported in part by USPHS Grant GM-16498, NIH GRSG RR-5363-14 and Dewey and 


Almy Chemical Division of W. R. Grace & Company. 


Paper received: 12/19/75 
Accepted for publication: 3/23/76 


854 ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 6, Nov.-Dec., 1976 


+ 
3А 





Fic 1. 
42M-9 to volunteer. V: vaporizer; B: rebreathing 
bag; R: Wright respirometer; M: mask; W: 2-way 
valve; MC: mixing chamber; i: sampling of inhaled 
air; e: sampling of exhaled air. 


Equipment used for administration of 


the subjects had a history of preexisting dis- 
ease or drug treatment. 42M-9 was vaporized 
in a Verni-Trol®* vaporizer and administered 
in O, for 1 hour by mask in a closed, non- 
rebreathing system (fig 1). Pulse rate and 
blood pressure were measured at 5-minute 
intervals. The ECG was monitored continu- 
ously and pulmonary ventilation was meas- 
ured with a Wright respirometer at 5-minute 
intervals. 


The average concentration of inhaled 
42M-9 was 0.047 (+ 0.006) percent for 5 
volunteers in group I and 0.24 (+ 0.026) 
percent for 3 volunteers in group II. 


After 1 hour of exposure, each volunteer 
returned to breathing room air through the 
nonrebreathing circuit for an additional 45 
minutes, during which monitoring was con- 
tinued. Thereafter, the volunteer resumed 
normal activities. Strenuous exercise was 
discouraged for the rest of the week. 


Gas Sampling.—During exposure, inhaled 
and mixed exhaled air samples were col- 
lected in gastight glass syringes} at 5 to 
10-minute intervals and immediately ana- 
lyzed for 42M-9 (fig 1). After exposure, 
samples of mixed exhaled air were collected 
each 15 minutes during the first 2 hours, 
then at intervals of approximately 1 hour 
for 8 hours, then 4 times a day for 2 days, 
and finally 3 times a day for the rest of the 
week. The volunteer inhaled through his 
nose and exhaled through a nylon mouth- 
piece into an all-glass apparatus (fig 2). 





*Ohio Medical Products, Division of Air Reduction 
Company, Inc. 


+Precision Scientific Instruments, Inc. 


After washing the apparatus with exhaled 
air for 3 minutes, 3 to 5 samples were taken 
during the next 2 minutes in a gas syringe 
and were analyzed for 42M-9. At the same 
time, the pulmonary ventilation was meas- 
ured over a 5-minute period with a Wright 
respirometer. 


Blood Sampling.—Blood was collected for 
hematologic, hepatic, and renal function pro- 
files (table 1) and for fluoride determina- 
tion before the experiment and at 24 and 
72 hours after exposure. Samples for fluoride 
determination were heparinized and refriger- 
ated until analyzed. During exposure, arte- 
rial blood was drawn from a radial artery 
anaerobically into a glass syringe for deter- 
mination of 42M-9 after approximately 30 
and 55 minutes of exposure. These samples 
were analyzed on the day of collection. 


Urine Sampling.—All urine was collected 
as 12-hour samples in polyethylene bottles 
for 2 days before the experiment and 5 days 
after exposure. Urine volume, pH, density, 
concentration of inorganic fluoride, total 
fluoride, and nonvolatile fluorine were meas- 
ured. On the 1st day, random samples of 
freshly voided urine were analyzed for 
42M-9. 


Analytical Procedures.—42M-9 in air was 
determined by injection of 0.2 to 1 ml of 
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Fic 2. Apparatus for sampling exhaled air. M: 
mouthpiece; R: Wright respirometer; H: nylon 
hose; C: glass tube connector; F: glass flask (2-L 
capacity); S: cork stopper with hole; T: glass tube 
(ID 6 mm): GS: glass syringe for sampling. 
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Uptake and Excretion . .. Holaday and Fiserova-Bergerova 


TABLE ] 
Clinical Tests in Blood for 42M-9 (Means + SD) 
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Postexposure 





end ON Preexposure 24 hours 72 hours 
Bilirubin <1 mg % 0.75 + 0.49 0.86 + 0.34 0.74 + 0.28 
Cholesterol 150-250 mg ^5 198 + 50 197 + 37 208 + 47 
Total protein 6.5-8.2% 7.6 + 0.58 7.8 + 0.49 7.7+ 0.51 
Albumin 3.5-5.6% 4.7 + 0.49 4.9 + 0.52 4.7 + 0.55 
Calcium 9-11 mg % 9.9 + 0.86 10.2 + 1.1 9.9 + 0.55 
Phosphorus 3-5 mg % 3.8 +11 4.1 + 0.67 4.1 + 0.47 
Alkaline Phosphatase 9-35 IU 17.2 + 3.5 20.1 + 3.9* 18.0 + 3.6 
SGOT 8-40 u 23.9 + 6.6 25.9 + 9.2 25.0 + 6.9 
Creatinine 0.7-1.5 mg % 1.1 + 0.19 1.2 + 0.11 1.2 + 0.18 
Uric acid 2-7 mg % 6.0 + 11 6.3 + 0.6 6.3 + 0.9 
Urea nitrogen 9-18 mg % 15.3 4 1:8 16.0 + 1.8 14.3 + 1.4 
Glucose 70-100 mg % 70+ 10 79 + 15 80 + 17 
Hemoglobin 15,5 = 1.2 15.4 + 0.7 15.5 + 1.0 
Het 45.7 + 3.1 46.5 + 1.5 47.8 + 3.9 
WBC 6794 + 1367 7341 + 1481 8275 + 1654* 
Seg 58 + 10 54 + 11 61:6 T 
Lymphs 28 + 6.3 32 + 7.0 25 + 7.6 
Monos 77+ 2.4 8.2 + 8.2 86+ 4.1 
Eos 3.9 + 3.4 4.1 + 3.8 3.1 + 1.9 


eee 
*Significantly higher values, comparing to preexposure levels. 0.01> p <0.005 tested by t-test for paired 


values. 


a gas sample into a 2-meter (3 mm ID) 
glass column packed with 10 percent diiso- 
decylphthalate on Chromosorb P, 60/30 
mesh heated to 100° C. A Hewlett-Packard 
gas chromatograph 7610A equipped with 
electronic digital integrator 3373B and flame 
ionization detector was employed for analy- 
sis of gas samples. When the concentration 
of 42M-9 dropped below 0.1 „g/L a Micro- 
tek 2500 R equipped with a tritium electron 
capture detector was employed. Column 
temperature was 80? C. Standards were pre- 
pared by injection of an exactly measured 
volume of liquid 42M-9 into evacuated glass 
flasks of known volume. After equilibration 
to atmospheric pressure an electromagnetic 
stirrer was used to keep the gas mixture in 
the jar homogeneous. The magnetic bar was 
wrapped in aluminum foil in propeller shape 
to achieve efficient mixing. 


42M-9 Concentrations їп Blood and in 
Urine.—After 1 ml of blood was extracted 
with 1 ml of hexane in a 5-ml glass-stop- 
pered centrifuge tube and shaken gently for 


5 minutes, 0.2 to 0.5 „l of extract was in- 
jected into a gas chromatograph column con- 
nected to an electron capture detector oper- 
ated as above. Five ml of urine was extracted 
with 2 ml of hexane in a 10-ml glass-stop- 
pered tube, and the rest of the procedure was 
the same as for blood. The samples were 
centrifuged before injection if the phases 
did not separate spontaneously. Standard 
curves were constructed by adding 0.2, 0.4, 
or 0.6 „1 of 42M-9, appropriately diluted 
with hexane to samples of blood and urine 
obtained before exposure. These samples 
were analyzed by the same procedure and 
glassware as for the experimental samples, 
in order to achieve the same distribution of 
anesthetic among sample, hexane, and air. 


Fluoride in urine? and blood’ were deter- 
mined by direct measurement with a specific 
fluoride-ion activity electrode. Nonvolatile 
fluorine was measured as fluoride after eva- 
poration of 1 ml of urine at pH 9 on combus- 
tion paper in a stream of hot air and com- 
bustion in a Schoniger combustion flask.* 
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TABLE 2 
Uptake and Pulmonary Desaturation of 42M-9 











Volunteer Administration Pulmonary desaturation 
Body Body Ventilation, Те Relative Blood | Amount Half-timest 

weight, height, L/min air conc, uptake, Uptake, сопс, % of VRG, MG, FG, 

Number kg cm Supine Normal*| vol%  %t gm mg % | gm uptake min тіп hr 
Group I (0.047%) 

1/I 96 185 7.4 10.4 || 0.041 34 0.55 22 | 0.48 87 6.3 126 231 
2/I 76 182 7.6 10.3 | 0.047 34 0.50 1.0 0.25 50 5.0 202 16 
3/I 79 177 6.2 7.6 | 0.048 37 0.64 2.0 | 0.49 77 2.6 144 29 
4/1 68 178 6.4 7.5 0.042 60 0.60 1.4 0.42 70 14.5 144 24 
5/I 92 180 11.0 9.8 | 0.057 4T 1.40 2.2 0.62 44 1.2 90 31 
Mean 82 180 7.7 9.1 | 0.047 42 0.74 1.8 0.45 66 6 141 26 
SD 11.6 32 1.9 1.5 | 0.006 11 0.37 0.54 | 0.13 18 5 41 6.4 
бЕ 5.2 14 0.9 0.6 | 0.003 5 0.17 0.24 | 0.00 8 2 18 29 


i aaa 


Group II (0.24% ) 








1/II 64 171 18.5 9.9 | 0.21 47 
2/11 96 185 71 8.6 | 0.25 46 
3/II 83 188 6.0 9.7 | 0.26 39 
Mean 81 181 8.9 9.4 | 0.24 44 
SD 16.1 9.1 41 0.7 | 0.026 4.4 
SE 9.3 5.2 23 0.4 | 0.015 2.5 


*Resuming normal activity. 
; 100 (Ci, = Cox) 


С at 60th minute of exposure. 
in 


4.57 4.5 2.1 48 1.9 78 28 
4.00 8.0 1.90 48 4.8 70 43 
4.80 13.0 2.24 52 5.5 138 20 
4.29 8.5 2.11 49 4 95 29 
0.29 4.3 0.19 2.3 2 37 12.9 
0.16 2.5 0.11 1.3 1 21 7.2 





iThe half times are derived from the slopes of three exponential functions of the desaturation curve 
designated as VRG (vessel rich group), MG (muscle group) and FG (fat group). 


Total fluorine was determined after combus- 
tion of 1 ml of urine sample in an Н.О» 
flame.5*? Acidified urine was introduced di- 
rectly into the flame and the combustion 
products were trapped іп 1N NaOH solu- 
tion and measured as fluoride ion at pH 6.5. 


RESULTS 


Hematologic and clinical chemistry meas- 
urements are summarized in table 1. The 
results of all analyses are in the range of 
normal levels with the exception of 1 volun- 
teer (I/3), who had slightly increased bili- 
rubin (1.2 to 1.4 mg %) and cholesterol 
(252 to 267 mg %) in preexposure as well 
as postexposure samples. 'ТҺеге were no sig- 
nificant differences between pre- and post- 
exposure values by t-test for paired values 
except for an increase of alkaline phospha- 
tase 24 hours after exposure and an increase 
of white blood cells on postexposure day 3. 


Cardiovascular and Pulmonary Ventila- 


tion Data.—Blood pressure remained within 
normal limits during exposure. No abnormal 
ECG patterns were observed. Sinus brady- 
cardia (pulse rate <56) occurred during 
exposure of 3 subjects in group I, represent- 
ing pulse reductions of 0, 1, and 4 bpm from 
minimum preexposure rates, and in 1 sub- 
ject in group II, whose pulse slowed from 
60 to 46. Ventilation during exposure aver- 
aged 8.2 L/min (+ 2.7) and after exposure 
increased to 9.2 L/min (+ 1.2) for both 
groups (table 2). 


Uptake rate, u,, was determined from the 
differences between 42M-9 concentrations in 
inhaled (C,,) and mixed exhaled air (C,,) 
times pulmonary ventilation (V); the re- 
tained dose (D) was determined as the sum 
of products of uptake rates and time inter- 
vals between samplings (t): 


ur = v (Cin — Cex) D= Sut (I) 


s 1 
The relative uptake 
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mg/min 





0.001 4. 1 4 T 
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Fic 3. "Pulmonary excretion of 42M-9. 'The excret 


sr 
- 
= 


HOURS 


ion rate (mg/min) is plotted against the time after 


the end of the exposure (hours). Lines are predicted curves: dash lines assume no metabolism (metabolic 


coefficient equals zero), solid lines account 


for metabolism (metabolic coefficient — 2.6 L/min). 


[See 


text for definition of “metabolic coefficient."] The points represent all measured values in 5 volunteers 


inhaling for 1 hour 0.047% 


end of 1 hour of exposure approached 43 
( € 8.8) percent in both groups (table 2). 


42M-9 concentrations in arterial blood 
averaged 1.8 mg 97, in group I and 8.5 mg % 
in group II. 


Pulmonary desaturation (table 2) aver- 
aged 60 (+ 16) percent of the dose. There 
was no statistical difference between the 2 
groups (fig 3). 


The parameters of representative desatu- 
ration curves described by the sum of 3 
exponential functions were determined by 


42M-9 (A) and in 3 volunteers, inhaling 0.24% (B). 


searching for optimal fit to the experimental 
data? for each group, using a NONLIN pro- 
gram.* Half-times determined from expo- 
nents derived in this manner were 5 min- 
utes, 124 minutes, and 27 hours. There were 
no significant differences in half-times be- 
tween the 2 groups (by t-test). 


A significant increase of fluoride ion in 
urine was observed during the first 5 post- 
exposure days. In group I, the increase of 





*NONLIN is a program for parameter estimation, 
supplied through the courtesy of Dr. C. M. Metzler 
of the Upjohn Company. 
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TABLE 3 


Urinary Excretion of Metabolites and Total Recovery of 42M-9 





























Fluoride | Organic fluorine Recovery, % of uptake 
Urinary excretion [ mg* excreted Maximum 
Maximum Maximum excretion 
rate, F conc rate, In urine 
% of mg ty, in blood, | Non- °% of mg ty, In 
Number mg* uptake F/12 hr hours да Yo volatile Total uptake F/12 hr hours urine skeleton? Totalt 
Group I (0.047%) 
1/I 61 11 3.7 36 10 137 137 24 17 12 36 47 134 
2/1 81 16 8.4 10 22 39 — 7.8 12 4 24 40 90 
3/I 103 16 6.5 39 19 75 — 12 6 26 28 44 120 
аЛ 56 9 7.5 16 4 78 — 18 22 7 22 32 102 
5/I 42 3 5.7 -— 10 57 51 4 9 — 7 10 54 
Mean 69 11 6.4 25 13 77 122 11 12 23.4 346 100 
SD 24 5.4 1.8 14 7.3 37 7.5 41 10 10.6 14.9 31 
SE 11 2.4 0.8 T 3.3 17 3.4 1.8 5 4.7 6.6 14 
Group П (0.24% ) 
1/II 181 4 15 25 30 340 332 7 37 22 11 15 64 
2/II 288 7 13 21 —- 398 — 10 42 18 17 24 72 
ЗЛІ 285 5 21 24 10 538 538 13 88 25 18 28 76 
Меап 285 5.8 16 28 20 425 10 56 22 15.3 20.7 71 
SD 54 1.5 4.2 2 102 3 28 3.5 3.8 4.9 6 
SE 31 0.9 2.4 1 59 17 16 2.0 2.2 2.8 4 
А 2 189 

*Calculated as 42M-9, 3 fluorine atoms in molecules: mg F X DE CUM 


TThe amount of fluoride excretion was doubled because of skeletal uptake of fluoride. 


tIncludes pulmonary and renal excretion of 42M-9 and its fluorinated metabolites and skeletal uptake 


of fluoride. 


fluoride was equivalent to 11 percent of ad- 
ministered 42M-9, and in group II, the in- 
crease represented 5.3 percent. By t-test, 
this difference is not statistically significant 
because of large coefficients of variation. 
Combining the groups, an average of 9 (+5) 
percent of 42M-9 uptake was excreted as 
urinary fluoride (table 3). The maximum 
excretion rate occurred in urine samples 
collected during the first 12 postexposure 
hours. 'The maximum excretion rate in group 
I was 6.4 mg/12 hr and in group II was 16 
mg/12 hr. After the excretion rate reached 
its peak, the excretion rate in both groups 
decremented exponentially with a half-time 
of 24 (+ 10) hours. 


Organic fluorine in urine in the combined 
groups was equivalent to 11.4 (+6) per- 
cent of total uptake of 42M-9. It followed 
closely the excretory pattern of fluoride. 
'The maximum excretion rate occurred in the 


first 12-hour fraction, and equaled 11 mg/12 
hr for group I and 56 mg/12 hr for group II» 
The half-time of the average excretion 
curve was 15 (+ 8.8) hours. There was no 
difference between results obtained by the 
method for nonvolatile fluorine and that for 
total fluorine. 


Fluoride in blood peaked within 2 hours 
after the end of exposure. The maximum in- 
crease of fluoride concentration in blood 
averaged 13 „g % in the 1st group and 20 
ug % in the 2nd group (table 3). 


42M-9 in urine was measurable only in 
urines voided shortly after exposure, and the 
concentration did not exceed 0.7 mg/L. 


DISCUSSION 


This study had 3 goals: (1) To determine 
the uptake, excretion, and biotransformation 
of 42M-9 in man, (2) to determine the effect 
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of inhaled concentration on extent of metab- 
olism, (3) to investigate the possibility of 
utilizing the information from studies of 
metabolism and pharmacokinetics of new 
drugs for prediction of biologic effects and 
their duration. To achieve these goals, all 
data on uptake and pulmonary and urinary 
excretion were submitted to mathematical 
analysis. 


The physical properties of 42M-9 are sim- 
ilar to those of methoxyflurane. Its blood/ 
air partition coefficient is 8 and fat/air is 
560.5 As expected, its uptake is great and 
pulmonary desaturation slow. 


The uptake and excretion of unchanged 
42M-9 indicate that 42M-9 is metabolized 
and that the fraction metabolized is inde- 
pendent of inhaled concentration in the 
range studied, the mathematical analysis of 
pulmonary desaturation curves indicating 
that the concentration of 42M-9 in inhaled 
air affects only the values of intercepts but 
not the values of the rate constants (fig 3). 
'This is in agreement with a mathematical 
model of uptake and excretion of inhaled 
drugs described by 1st order reactions.!".!! 


A differential matrix equation, describing 
a linear 4-compartmental model,! was used 
for prediction of uptake and desaturation 
of 42M-9 at a constant inhaled concentra- 
tion. Considering the lung as the only ex- 
cretory pathway,!! the predicted total up- 
take was lower than the measured total up- 
take, and the predicted pulmonary desatura- 
tion (10095) was greater than the measured 
desaturation (6095) as demonstrated in ta- 
ble 2. The same observation was made com- 
paring predicted and measured rates of pul- 
emonary desaturation (fig 3, dashed line). 
The intreased uptake and lower desatura- 
tion have been attributed previously to me- 
tabolic clearance.!".!? Since only a negligible 
amount of unchanged 42M-9 was excreted 
in urine, it is postulated that 40 percent of 
the dose was metabolized during or follow- 
ing exposure. 


The rate of 42M-9 metabolism (mg/min) 
was estimated from the difference between 
pulmonary uptake rate at the end of 1 hour 
of exposure, determined according to equa- 
tion I, and the calculated retention rate of 
42M-9 in tissues of 3 major pharmacokinetic 
compartments after 1 hour exposure to the 
measured arterial concentration.!"!? The 
mean metabolic rate equaled 9 mg/min in 
group I and 48 mg/min in group II. The 
metabolic coefficient (which is the ratio of 
metabolic rate to inhaled concentration ex- 


859 


pressed as mg/L),!? was equal to 2.6 L/min 
for both groups. The direct dependence of 
rate of metabolism on inhaled concentration 
supports the assumption of a 1st order reac- 
tion in the range of concentrations studied. 
This is further supported by the close agree- 
ment between the measured rate of pulmo- 
nary washout and a desaturation curve pre- 
dicted by a mathematical model which as- 
sumes metabolic clearance to be a 1st order 
reaction, the rate constant of which is de- 
rived from a metabolic coefficient!” of 2.6 
L/min (fig 3). 


The fraction excreted as metabolites in 
urine accounted for 20 percent of uptake and 
was independent of inhaled concentration, 
in the range of concentrations used in these 
studies. The ratio of amounts of 42M-9 ex- 
haled and excreted in urine was the same 
in groups I (3.34 + 0.76) and II (3.24 + 
0.51). This supports the conclusion made 
above from analysis of uptake and pulmo- 
nary washout, namely that in the range of 
concentrations tested, there was no concen- 
tration-dependent effect on the extent of 
metabolism. 


Increased fluoride concentration was ob- 
served in blood and urine of volunteers ex- 
posed to 42M-9. Fluoride concentrations in 
blood and urine and the pattern of fluoride 
clearance in group II are comparable to 
those observed in patients receiving enflu- 
rane anesthesia? and are smaller than those 
observed in patients receiving methoxyflu- 
rane anesthesia." However, since the concen- 
tration of 42M-9 would be twice that used 
in group II, and as an anesthetic would be 
used for a longer period, renal impairment 
similar to that which follows methoxyflu- 
rane anesthesia!:? might occur. 


Increased fluoride was also found in skele- 
tons of mice and rats anesthetized for 2 
hours by IP-administered 42M-9. Using a 
procedure described previously, 1.3 per- 
cent of fluorine administered in the form of 
42M-9 was recovered from skeletons of mice 
48 hours after injection. In similar experi- 
ments, 0.6 percent of the dose administered 
to rats was recovered in skeletons. In these 
animal studies, the extent of biodegradation 
to fluoride was not effected by Na-pheno- 
barbital pretreatment.* 


'The other metabolite, determined in this 
study as a nonvolatile organic fluorine, was 
excreted rapidly, and was equivalent to 11 
percent of uptake. In terms of latency of 





*Fiserova-Bergerova V, Holaday DA: Unpublished 
data. 
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TABLE 4 
Half-Times of Excretion of Inhalation Anesthetics (Hours) 


Major metabolites 


Minor metabolites 








Time of 
Drug Identity peak* 
Isoflurane F- — 
Fluroxene СЕ.СООН and 24 
other nonvolatile 
fluorine 
metabolite 
Enflurane Organofluorine 36 
Halothane CF.COOH 24 
Br- 2120 
42M-9 p «12 
Trichloro- CCl:CH:OH 12 
ethylene 
Methoxyflurane CH,OCF.COOH 22 


ty, Identity pee y 2 ыыы 
— Organo- — — 16 
fluorine 
24 СЕ.СН.ОН 11 16 20 
88 Е- 7 37 Т 
75 32-34 
300 
24 Organo- <12 16 
fluorine 
24  CChCOOH 72 50, 707 17-19 
40 CH.CICOOH 1 15 
35 F- 20 48 8 
(COOH). 30 32 





*Hours after end of anesthesia when maximum excretion rate occurs. 


TExcretion curves exhibit two time constants. 


peak excretion and half-time, it is one of the 
most rapidly excreted metabolites of any 
anesthetic agent in use (table 4). Another 
postulated metabolite of 42M-9 is bromide.^ 
Our attempt to quantitate its urinary excre- 
tion failed because of inadequacy of avail- 
able analytical methods and because bro- 
mide is excreted very slowly and does not 
follow a regular excretion curve, its excre- 
tion being dependent on metabolism and ex- 
cretion of chloride.! 


Despite the large availability of 42M-9 
for biotransformation, the compound was 
metabolized to a small extent compared with 
other soluble anesthetic agents. The major 
clearance pathways vary for different anes- 
thetic agents, depending on their physical 
and chemical properties. In general, high 
vapor pressure and low solubility favor pul- 
monary excretion; high solubility and chem- 
ical instability favor metabolism. The rate 
of pulmonary clearance of a drug is inverse- 
ly related to its blood-gas partition coeffi- 
cient.!° Accordingly, isoflurane!® and en- 
flurane? are removed from the body mainly 
by the lung, methoxyflurane®.® and trichloro- 
ethylene!*:!? by biotransformation. The phy- 
sical properties of fluroxene favor pulmonary 
excretion; however, only 60 percent is ex- 
haled.?^ 


A number of halogenated anesthetics, ar- 
ranged in order of increasing blood-gas par- 
tition coefficient, are compared in table 5 
with respect to fraction of uptake exhaled 


unaltered and excreted in urine. The high 
solubility of 42M-9 and its low vapor pres- 
sure favor retention; its persistence in the 
body provides optimum conditions for bio- 
transformation. Since similar fractions of 
uptake (approximately 60%) of fluroxene?" 
and 42M-9 are exhaled despite their differ- 
ent physical properties, it is postulated that 
42M-9 molecules are more stable than flu- 
roxene. Similarly, we can postulate that 
42M-9 resists biotransformation more than 
methoxyflurane and trichloroethylene since, 
despite similar physical properties, a con- 
siderably larger fraction of 42M-9 is exhaled 
than of methoxyflurane’! and trichloroethyl- 
ene.!? е 


Recovery studies of volatile anesthetics іп 
man have never accounted for 100 percent 
excretion (table 5). The unrecovered frac- 
tions of uptake of the fluorinated volatile 
anesthetics are related to the quantity of 
urinary metabolites recovered (table 5) and 
inversely related to the exhaled fractions. 
The unexcreted fraction of isoflurane,!^ 
which is metabolized very little?! or not at 
all,^ is small and could be attributed to 
experimental errors; but in the cases of en- 
flurane? (1495), fluroxene??^ (32%), and 
methoxyflurane’ (40%), the unrecovered 
fraction is so large that another explanation 
must be given. Other excretory routes, feces? 
and skin,!*?? were found to be negligible. 


It has been shown that as a result of the 
metabolism of certain drugs???! including 


r 
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TABLE 5 


Excretion of Inhalation Anesthetics 


Percent of dose excreted 








p as Exholed Major metabolite Minor metabolite Unrecovered 
Drug coefficient unchanged Identity % Identity "5 % 
Isoflurane 1.4 95 F- 0.1* Organofluorine 0.1 4.8 
Fluroxene 1.4 58 СЕ.СООН, and 10 СЕ.СН.ОН 0.6 32 
other non- 
volatile 
fluorine 
metabolite 
Enflurane 1.9 83  Organofluorine 19 -F 1.0* 14 
Halothane 2.4 63 CF;COOH 12 25 
Br- 12 
42M-9 8.0 60 F- 18*  Organofluorine 11.4 11 
Trichloro- 9.5 20  CCLCH.OH 50 CCLl,COOH 19 T 
ethylene CH.CICOOH 4 
Methoxyflurane 12-13 19 | CH;OCF.COOH 27 F- 14* 40 
(COOH): 5 


*The fraction includes urinary excretion and skeletal deposition. 


References as in table 4. 


halothane,»2?-?5 reactive intermediates are 
formed which are covalently bound to tis- 
sue components. The covalently bound 
moieties tend not to be excreted, and to be 
associated with песгоѕіѕ5.23-2% and carcino- 
genicity.?".5! It is possible that the unrecov- 
ered fraction of halothane???4 as well as of 
other anesthetics may also remain covalent- 
ly bound in the body. A relatively small 
fraction of 42M-9 remained unrecovered 
(1195) in our study. 


Exposure of volunteers to subeffective and 
analgesic concentrations of 42M-9 for 1 hour 
ecaused no clinically significant changes in 
clinicak laboratory tests and cardiovascular 
parameters. However, Carrow's group?? re- 
ported that anesthetic concentrations of 
42M-9 in human subjects resulted in an un- 
usually high incidence of ventricular ar- 
rhythmias, which certainly will interfere 
with its acceptance as a commercial anes- 
thetic agent. 
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Cardiovascular Effects of Lidocaine During Acid-Base Imbalance 


RONALD W. YAKAITIS, MD* 
JOHN D. THOMAS, MD} 
JOHN E. MAHAFFEY, МО 


Charleston, South CarolinaS 


Although lidocaine HCl is often given to criti- 
cally ill patients with ventricular tachyarrhyth- 
mias, its use is not without hazard. To inves- 
tigate whether acid-base disturbances and their 
subsequent effects on molecular ionization in- 
fluence cardiovascular (CV) response to lido- 
caine, dogs in normal acid-base balance, meta- 
bolic acidosis, respiratory acidosis, and respira- 
tory alkalosis were given 2 or 4 mg/kg lido- 
caine IV. Heart rate (HR), PR and QT inter- 
vals, MAP, LVEDP, LV dp/dt, and LV dp/dt 
— CPIP were measured at intervals. In all 
groups a slight increase in mean HR occurred 


HE antiarrhythmic efficacy of lidocaine 

hydrochloride has been firmly estab- 
lished.'? Although safe in most instances, 
overdosage may cause profound hypoten- 
sion, and clinical conditions that reduce dis- 
tribution volume or hamper metabolism may 
cause lidocaine accumulation through de- 
„layed plasma clearance.’ 


To sbme extent, the cardiac action of a 
local anesthetic may be determined by the 
degree of drug ionization. Such is the case 
with procaine, as observed in the isolated 
heart.* Ionization is influenced by the rela- 
tionship between the dissociation constant 
(pK,) and the environmental pH. 


As some patients given lidocaine may 
have significant pH disturbances, these ex- 
periments studied, in normal intact dogs, 


after 2 mg/kg. Generally, myocardial con- 
tractile force was depressed in direct propor- 
tion to dose. Essentially, the CV response to 
lidocaine was not altered by any clinically 
remarkable degree by pH disturbances. Re- 
sponses differing from those observed during 
normal acid-base conditions could not be sig- 
nificantly correlated with changes in pH or 
Paco. Results suggest that, in the intact ani- 
mal, the CV effects of lidocaine, administered 
in therapeutic doses, are not appreciably influ- 
enced by clinically encountered states of acid- 
base imbalance. 


the cardiovascular (CV) response to clini- 
cally recommended doses of lidocaine given 
during commonly-encountered states of 
acid-base imbalance. 


METHODS 


Twenty-eight mongrel dogs, 12 to 20 
(mean 15) kg in weight, were anesthetized 
with chloralose (50 mg/kg) and urethane 
(750 mg/kg). Succinylcholine (2 mg/kg) 
was administered IM to prevent movement 
during measurements. After intubation, ven- 
tilation with air was controlled with a 
Bird® Mark 8 respirator. Tidal volume was 
adjusted to maintain Paco, at 35 to 45 torr. 
Left ventricular end-diastolic pressure 
(LVEDP) was measured with a Statham 
SF-1 catheter-tip transducer inserted 
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through a femoral artery into the left ven- 
tricle. This catheter signal was also chan- 
nelled through a Statham resistance-capaci- 
tance (RC) differentiator for simultaneous 
display of left ventricular dp/dt. The re- 
maining femoral artery was cannulated to 
record aortic blood pressure (BP) through 
a Statham P23 db pressure transducer. Lead 
II of the ECG was monitored continuously. 
All pressure and ECG data were recorded 
on an Electronics for Medicine DR8 poly- 
graph. Arterial blood-gas determinations 
were made with a Radiometer ABL-1 ana- 
lyzer immediately after sampling. Rectal 
temperature in each dog was maintained, 
with a heat lamp, at 38 + 1° C. 


Initially, each animal was placed in acid- 
base balance (Paco. 35 to 45 torr, pH 7.35 
to 7.45, base excess + 5). Control measure- 
ments of heart rate ( HR), mean aortic blood 
pressure (MABP), LVEDP, and the first 
derivative of left ventricular pressure (LV 
dp/dt) were made. An additional estimate 
of myocardial contractility (dp/dt + CPIP)* 
also was calculated. 'The PR and QT inter- 
vals of the ECG were also measured. Lido- 
caine (195) was then injected IV, 14 dogs 
receiving a dose of 2 mg/kg and 14 receiv- 
ing 4 mg/kg. 


Measurements were repeated 1, 5, and 20 
minutes after injection. 'Thirty minutes 
after the last measurement, a randomly se- 
lected state of metabolic acidosis (Paco, 
35 to 45 torr, pH 7.05 to 7.15, base excess 





*dp/dt + CPIP = the ratio of LV dp/dt to a com- 
mon peak isovolumic pressure (CPIP). The de- 
nominator is the highest isovolumic pressure com- 
mon to both control contractions and those follow- 
ing pharmacologic intervention. This formula gives 
an estimate of myocardial contractile force while 
minimizing the influence of HR, preload, and 
afterload in the intact heart. 
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<—5), respiratory acidosis (Расо, 70 to 
85 torr, pH 7.05 to 7.15, base excess + 5), 
or respiratory alkalosis (Paco, 10 to 15 torr, 
pH 7.60 to 7.75, base excess + 5) was in- 
duced. Metabolic acidosis was produced 
with an infusion of 0.3 M lactic acid. Re- 


spiratory acidosis was induced by ventila- 


tion with 10 percent CO, in air. Hyperven- 


tilation with air was employed to create 


respiratory alkalosis. 


The prescribed acid-base state having 
been attained, a 10 to 20-minute period was 


allowed for CV stabilization. Cardiac meas- 


urements were then made before and 1, 5, 
and 20 minutes after giving lidocaine. In a 
random manner, no more than 2 abnormal 
acid-base states were studied in any dog, 
and each dog received the same dose of 
lidocaine for each experiment. The continu- 
ity of an acid-base state was monitored 
throughout the observation period by fre- 


quent blood-gas analyses. 


Mean values for HR, MABP, LVEDP, 
LV dp/dt, and dp/dt + CPIP were calcu- 
lated. Paired t-tests were used to determine 
significant differences from control within 
individual groups. Unpaired t-tests were em- 
ployed to compare changes observed in nor- 
mal dogs with changes during aberrant 


acid-base conditions. 


RESULTS 


Seventy-two experiments were performed 
in the 28 dogs. Control values for pH and 
Paco, were similar between respective 
groups at both dosages studied (table 1). 
Mean values for all CV variables measured 
are presented in tables 2 and 3. In most, 
instances, the greatest alterations in MABP, 
LVEDP, LV dp/dt, and dp/dt + CPIP 


TABLE 1! 


Control (Pre-Lidocaine) Values for Paco; 
and pH (mean — SE) 


А 








2 mg/kg 4 mg/kg 
Paco», torr pH Paco», torr pH 
NOR 37 + 1.4 7.38 + 0.01 38 + 0.8 7.38 + 0.01 
MAC 41+1.9 7.11 + 0.01 44+1.1 7.09 + 0.02 
RAC 78 + 2.6 7.14 + 0.01 78 3- 1.9 7.14 + 0.01 
RAL 12 + 1.4 7.69 + 0.02 12+1.1 7.66 + 0.02 


i 


NOR = Normal acid-base balance 
MAC = Metabolic acidosis 

RAC = Respiratory acidosis 

RAL = Respiratory alkalosis 


L 


a 


4 
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TABLE 2 


Mean Values (SE) During Each Acid-Base State for Cardiovascular 
Variables Measured 1, 5, and 20 Minutes After Administration of 2 mg/kg Lidocaine 
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Variable Time NOR MAC RAC RAL 
HR, bpm 0 140 (8) 122 (9) 111 (8) 187 (10) 
1" 144 (8) 124 (8) 122 (7) 178 (10) 
5! 140 (7) 118 (8) 112 (7) 181 (9) 
20’ 140 (8) 124 (8) 115 (8) 171 (9) 
МАВР, torr 0 126 (7) 114 (5) 126 (12) 102 (6) 
1’ 124 (7) 118 (6)*+ 128 (14) 105 (6)7 
5 126 (7) 117 (6)* 125 (13) 105 (4) 
20' 124 (8) 120 (8) 126 (14) 102 (4) 
LVEDP, torr 0 4.5 (1.3) 7.4 (1.4) 6.8 (1.7) 3.8 (2.3) 
1' 4.1 (1.4) 9.3 (2.0)* 5.9 (1.3) 5.9 (2.7)* 
5' 4.3 (1.2) 8.2 (2.4) 6.3 (0.9) 4.8 (3.3) 
20 4.4 (1.5) 8.7 (2.2) 6.9 (1.1) 1.3 (1.4) 
LV dp/dt, torr/sec 0 4380 (510) 3488 (422) 3393 (582) 4530 (475) 
1^ 3799 (402)* 3294 (494) 3471 (485)+ 4113 (504) * 
5' 4155 (436) 3323 (580) 3280 (485) 4437 (538) 
20' 3965 (473) 3721 (751) 3341 (462) t 4642 (599) 
LV dp/dt — CPIP 0 45.2 (5.0) 38.3 (3.9) 38.1 (6.3) 55.2 (7.0) 
1' 39.6 (3.8) * 36.0 (4.6) 36.7 (6.1) 50.6 (6.9) * 
5 41.8 (4.3)* 35.7 (3.9) 36.2 (5.6) 54.2 (7.0) 
20’ 43.2 (4.4)* 38.9 (4.7) + 39.6 (5.7) t 57.4 (8.0) 





*Significantly different (p<0.05) from respective control value. 


+Signicantly different (p<0.05) change from respective control compared with change exhibited by NOR 


animals at same interval. 


TABLE 3 


Mean Values (SE) During Each Acid-Base State for Cardiovascular 
Variables Measured 1, 5, and 20 Minutes After Administration of 4 mg/kg Lidocaine 








Variable Time NOR MAC RAC RAL 
HR, bpm 0 149 (7) 138 (10) 126 (10) 174 (10) 
1' 149 (8) 185 (10) 124 (10) 175 (12) 
5 139 (7)* 138 (9)+ 120 (11)* 170 (12) 
ы Ы 20’ 147 (8) 141 (9) 120 (10)* 178 (14) 
MABP, torr 0 123 (4) 118 (11) 116 (9) 107 (6) 
1" 121 (4) 117 (11) 102 (7)*+ 104 (7) 
5! 122 (4) 121 (11) 109 (8)* 108 (7) 
20’ 126 (5) 127 (11) 113 (7) 108 (8) 
LVEDP, torr 0 2.3 (0.9) 6.3 (1.2) 7.1 (2.3) 3.5 (1.5) 
1’ 3.7 (1.0)* 9.1 (1.6)* 9.5 (2.8) * 4.6 (1.8)* 
5! 2.3 (1.1) 8.2 (1.4) 8.0 (2.6) 4.7 (1.8) 
20’ 2.1 (1.5) 7.8 (1.4) 6.1 (3.1) 3.7 (1.8) 
LV dp/dt, torr/sec 0 4432 (342) 3824 (579) 3830 (429) 5118 (677) 
1 3704 (348) * 3247 (443)* 2965 (483) * 4559 (718) * 
5 4020 (318)* 3608 (422) 3456 (466) 4677 (589) 
20’ 4281 (396) 3854 (460) 3699 (586) 5204 (784) 
LV dp/dt + CPIP 0 45.9 (4.3) 45.9 (9.8) 46.3 (6.9) 60.5 (11.2) 
Y 37.7 (3.8)* 38.4 (7.5)* 38.5 (5.9)* 53.4 (11.3)* 
5 41.6 (4.0) 42.5 (7.6) 41.9 (5.2) 53.5 (10.5) 
20 44.8 (4.5) 44.2 (8.1) 49.1 (8.0) 64.6 (11.6) 





*Significantly different (p<0.05) from respective control value. 


{Significantly different (p<0.05) change from respective control compared with change exhibited by NOR 


animals at same interval. 
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TABLE 4 
Mean PR and QT Intervals (sec) 1, 5, and 20 Minutes After 2 and 4 mg/kg Lidocaine 
PR Interval 
2 mg/kg 4 mg/kg 
0 v 5 20’ 0 v 5 20” 
МОК 0.09 0.09 0.09 0.09 0.09 0.09 0.09 0.09 
МАС 0.10 0.11 0.11 0.10 0.10 0.10 0.10 0.11 
RAC 0.11 0.11 0.11 0.10 0.10 0.11 0.11 0.10 
RAL 0.08 0.09 0.09 0.09 0.10 0.09 0.10 0.10 
QT Interval 
2 mg/kg 4 mg/kg 
0 r 5 20' 0 i 5 20' 
NOR 0.20 0.20 0.20 0.20 0.20 0.21 0.21 0.21 
MAC 0.22 0.22 0.21 0.22 0.21 0.22 0.22 0.22 
RAC 0.22 0.21 0.21 0.21 0.21 0.22 0.23 0.22 
RAL 0.19 0.20 0.19 0.19 0.20 0.20 0.20 0.21 


occurred within 4 to 5 minutes after inject- 
ing lidocaine. In 5 to 20 minutes, these 
values generally returned toward control 
levels. Maximum deviations in heart rate 
tended to be more dispersed throughout the 
20-minute observation period. No group 
demonstrated appreciable ECG changes of 
either configuration or intervals (table 1). 


Response to 2 mg/kg Lidocaine.—Mean 
HR within each group did not change sig- 
nificantly. However, dogs in respiratory al- 
kalosis experienced a slight slowing of HR 
instead of the increased rate exhibited by 
other groups. Although the mean change 
in HR at 1 minute was highest (+9.6%) 
during respiratory acidosis, this change was 
not significantly greater than that demon- 
strated by dogs in normal acid-base balance. 


Changes in MABP were clinically insig- 
nificant. 


Values for LV dp/dt and dp/dt — CPIP 
were generally depressed after lidocaine; a 
slight increase in LV dp/dt and decrease 
in LVEDP were noted with respiratory aci- 
dosis. 


Response to 4 mg/kg Lidocaine.—HR 
was not remarkably affected at this dose. 
During respiratory acidosis, the progressive 
fall in HR and decrease in BP were sig- 
nificantly different from those observed after 
2 mg/kg. At 1 minute, both indices of myo- 
cardial contractility were appreciably re- 
duced in all animals. The degree of depres- 


sion in each group was of similar magni- 
tude. In response to decreased contractility, 
all groups manifested a significantly in- 
creased mean LVEDP at 1 minute. 


DISCUSSION 


Given in the recommended bolus dose of 
0.5 to 1.5 mg/kg, the therapeutic plasma 
concentration of lidocaine is 2 to 5 mcg/ml. 
'This dosage does not appear to significantly 
depress CV function, even in patients with 
underlying hypertensive, valvular, or coro- 
nary heart disease.!.^.* Generally, low doses 
of lidocaine will actually increase heart rate, 
systemic arterial pressure, and cardiac out’ 
put. This phenomenon has been ascribed to 
a central cardiostimulative effect of the 
drug.* 


Administration of lidocaine is not entire- 
ly without hazard. Central nervous system 
signs of drowsiness proceeding to convul- 
sions may be the initial indications of tox- 
icity. These signs may become evident at 
plasma levels as low as 5 to 6 mcg/ml.? 
Rapid injection or absolute or relative over- 
dosage may cause profound hypotension.!^ 
Electrophysiologic complications such as 
sinus standstill and A-V block have oc- 
curred, even with approved dosages.!!.!? 


Several hypotheses for untoward effects 
may be proposed. First, a single IV injec- 
tion of 50 to 100 mg of lidocaine has a phar- 
macologic half-life of 10 to 20 minutes and 
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an elimination half-life of 1 to 2 hours. 
Metabolism to inactive products takes place 
in the liver. With liver dysfunction and vol- 
ume distribution abnormalities, a substan- 
tial prolongation of the elimination phase 
was found? in patients with hepatic cirrhosis 
or congestive heart failure. Unless total dos- 
age is reduced in the presence of these dis- 
ease states, cumulative drug effects will oc- 
cur much sooner than in normal individuals. 


Second, it has been shown that the in- 
creased extracellular K* concentration which 
surrounds ischemic or infarcted tissues will 
enhance the depressant properties of lido- 
caine.? Thus, normally therapeutic blood 
levels may cause toxic manifestations in a 
hyperkalemic milieu. 


Third, the degree of ionization of the 
molecules of a local anesthetic partially de- 
termines its local and systemic effects. Ion- 
ized lidocaine is primarily responsible for 
conduction block inside the peripheral 
nerve.!+ Using procaine in an isolated heart 
preparation, elevation of the stimulation 
threshold and prolongation of conduction 
time appear to depend upon the concentra- 
tion of ionized molecules, while the non- 
ionized drug is responsible for negative ino- 
tropic activity. 


According to the Henderson-Hasselbalch 
equation, degree of ionization depends on 
the relationship between pH and pK,, the 
pH at which 50 percent of a given drug is 
ionized. Since local anesthetics are weak 
bases (lidocaine pK, = 7.86), an acidotic 
medium will cause more ionization; an alka- 
line environment maintains the molecule in 
its lipid-soluble, nonionized form. At pH 

evalues of 6, 7, and 8, the percentages of 
ionized» lidocaine in solution are 98.6, 88, 
and 42 percent, respectively. 


In vitro heart studies with lidocaine, simi- 
lar to those with procaine, have not been 
reported; however, at least one toxic effect 
of lidocaine is influenced by pH: the corti- 
cal seizure threshold to lidocaine in intact 
cats is lowered as Расо, increases.!? This 
finding suggests that a high intraneuronal 
CO, concentration may generate enough in- 
tracellular acidosis to significantly increase 
the concentration of the pharmacologically 
active lidocaine cation. 


Critically ill patients often have associ- 
ated acid-base derangements. In our study, 
a clinically representative pH spectrum was 
induced in intact dogs. Administration of 
2 and 4 mg/kg of lidocaine to dogs in acid- 
base balance produced changes in HR, 
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MABP, and myocardial contractile force 
similar in magnitude to those observed by 
other investigators.!? Deviations in pH with- 
in the range of 7.1 to 7.7 did not appreciably 
alter the effect of lidocaine on the CV vari- 
ables measured. 


Dogs in respiratory acidosis tended to be 
more susceptible to tachycardia and hypo- 
tension, respectively, after 2 and 4 mg/kg 
of lidocaine. However, this sensitivity could 
not be significantly correlated with changes 
in either pH or Paco». Although indepen- 
dent of pH, myocardial contractile force did 
appear to decline in proportion to the dose 
of lidocaine. A notable exception was the 
slight increase in LV dp/dt and subsequent 
decrease in LVEDP produced by injecting 
2 mg/kg during respiratory acidosis. This 
heightened inotropy may have been appar- 
ent only because it was accompanied by a 
concurrent increase in HR. 


It is possible that compensatory mecha- 
nisms in the intact animal were responsible 
for the inability to demonstrate greatly al- 
tered responses to lidocaine in the presence 
of pH abnormalities. Isolated heart studies 
would be necessary to delineate the direct 
effects of lidocaine interaction with pH and 
CO.. More intricate electrophysiologic anal- 
yses might have revealed subtle effects on 
conduction. Higher doses of lidocaine at 
greater extremes of pH might also provide 
other results. However, such conditions are 
not relevant within the usual realm of clini- 
cal experience. 


Whether the antiarrhythmic properties of 
lidocaine are substantially affected by pH 
alterations remains to be determined. To the 
extent that animal data may be applied to 
man, our results suggest that the response of 
the normal intact heart to lidocaine, admin- 
istered in currently recommended doses, is 
not modified to a clinically significant de- 
gree by routinely encountered states of 
acid-base imbalance. 
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UNEXPLAINED HEPATITIS FOLLOWING HALOTHANE (UHFH). Two hundred 
and three patients (177 received halothane) developed postoperative jaundice and 
were evaluated as to etiology by a panel of hepatologists without knowledge of the 
anesthetic drugs utilized. After excluding all patients with an identifiable cause for 
the jaundice there remained 76 patients with unexplained hepatitis following halotlfane 
(UHFH). Ninety-five percent (71 patients) had been previously exposed to halothane 
and over half had received the drug within 4 weeks. Of the 76 patients with UHFH 
9 had experienced unexplained jaundice after previous halothane exposure and in 7 
of these the latent period before the onset of jaundice was shorter during the current 
episode. Twenty-nine were obese, 52 were aged 41-70 and 53 were female. Twenty 
patients in the UHFH were subsequently anesthetized without halothane and mani- 
fested no hepatic dysfunction although a “halothane free” machine was used in only 
1 case. The overall death rate was 23 percent and 20 percent in the UHFH group. The 
clinical and biochemical features of UHFH were indistinguishable from viral hepatitis. 
Presence of autoantibodies and esinophilia were increased in patients with UHFH. 
The authors conclude that reexposure to halothane at short intervals may cause 
hepatitis but such a complication is rare. (Walton B, Simpson BR, Strunin L et al: 
Unexplained hepatitis following halothane. Brit Med J 1:1171-1176, 1976) 
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Case History Number 93: 
Congenital Lobar Emphysema 


JOHN T. MARTIN, MD* 


Г DECEMBER, 1974, a son was born to 
healthy parents of an older normal child. 
The pregnancy, labor, and delivery were 
medically unremarkable. There was no 
known family history of congenital anoma- 
lies. Within the first month, the diagnosis 
of Down’s syndrome was made, the infant 
exhibited chronic tachypnea on a routine 
examination, and his parents reported that 
his respirations were usually labored or 
“hard.” 


At age 8 months, he was hospitalized else- 
where because of “atelectasis” of his right 
upper lobe (RUL). He recovered after 
treatment with a chest tube and, perhaps, 
antibiotics. Neither additional data about 
his hospitalization nor chest roentgenograms 
were available from the institution in ques- 
tion. 


Because of poor growth and development, 
the family physician was contacted when 
the infant was 11 months old. A cardiac 
murmur was evident at that time, and sub- 
sequent cardiac catheterization confirmed 
the clinical impression of an endocardial 
tushion defect. Digitalization was begun, 
for reasons that are uncertain in retrospect. 


Evidently the baby was generally healthy 
until he developed gastroenteritis at age 13 
months and was hospitalized with diarrhea, 
fever, dehydration, and coffee-ground eme- 
sis. He was transferred to this Medical 
Center with the additional diagnosis of 
pneumonia. He responded to therapy, was 
subsequently recatheterized to substantiate 
the diagnosis of endocardial cushion defect, 
and was maintained on digitalis. The ECG 
showed a regular sinus rhythm with 1st- 
degree heart block, right bundle branch 
block, a left anterior hemi-block, and right 
ventricular hypertrophy. No comment about 


chronic respiratory distress was recorded. 
He was discharged in satisfactory condition. 


One month later, at age 14 months, he 
contracted an upper-respiratory-tract infec- 
tion. On admission to his home town hospi- 
tal, congestive heart failure was obvious, 
and he was transferred to the Medical Cen- 
ter on 30 January, 1976. His weight was 5.2 
kg, height 70 cm, rectal temperature 38.3° C, 
and he had a mild but definite pectus esca- 
vatum. The right axillary tube thoracostomy 
scar was well healed and his liver was en- 
larged to palpation. Tachycardia, cardio- 
megaly, and a grade-3/6 pansystolic murmur 
were evident. Intercostal retraction on in- 
spiration was significant, and medium rales 
could be heard bilaterally over the lower 
half of the posterior chest, with coarse, dif- 
fuse ronchi throughout all lung fields. His 
chest x-ray showed bilateral apical infil- 
trates and right-lower-lobe (RLL) atelec- 
tasis. The therapeutic regimen included ap- 
propriate antibiotics, furosemide diuresis, 
postural drainage, chest physiotherapy, 40 
percent supplemental О„ by hood or mask, 
and continued digitalization. 


Respiratory distress continued, with tach- 
ypnea (rate 60-80), peripheral cyanosis, 
progressive atelectasis of the RUL and RLL, 
and poor aeration of the right hemithorax. 
Transnasal aspiration of the trachea pro- 
voked an ineffective cough and produced 
minimal amounts of thin, whitish secretions. 
His conditioned deteriorated slowly. On the 
3rd hospital day, because of the onset of 
respiratory failure with a rate of 110, his 
trachea was gently and easily intubated 
transorally with a size-3.5 plastic tube. He 
received small doses of morphine sulfate IM 
to permit adequate volumetric ventilation. 


То compensate for a poorly fitting endo- 
tracheal tube, 100 ml of tidal volume was 


* Professor, Department of Anesthesiology, Medical College of Ohio, Toledo, Ohio 43614. 
This feature conducted by John T. Martin, MD, Associate Editor. 
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Fic 1. Chest roentgenogram showing collapse of 
upper and lower lobes. Area lateral to compressed 
lung tissue showed faint lung markings of hyper- 
inflated RML on original x-ray film. 


needed from the respirator. At 35 breaths/ 
min with an ЕО, of 0.4, this produced 
blood-gas values of pHa 7.42, PaCO, 38 
torr, PaO, 50 torr, SaO, 88 percent. That 
evening, the chest x-ray was unchanged, 
mild respiratory alkalosis was present, bor- 
derline hypoxia persisted on the same F,O., 
a questionable plug of mucus was recovered 
on tracheobronchial aspiration, his color had 
improved slightly, and breath sounds were 
somewhat improved over the right hemi- 
thorax. A trial of ЕО, 0.5 produced little 
elevation in his PaO, (50 up to 54), which 
his attending pediatric cardiologist attrib- 
uted to his congenital cardiac defect. An 
end-expiratory pressure (PEEP) of 3 cm 
H,O was added to the ventilatory circuit. 


'The following morning (hospital day 4) 
blood-gas values were pHa 7.51, PaCO, 24 
torr, PaO, 60 torr, оп ЕО, 0.4. Physical 
examination and chest x-ray were un- 
changed; the working diagnosis was atelec- 
tasis of the RUL and RLL, with an inter- 
vening pneumothorax. Review of the chest 
films by an attending anesthesiologist/in- 
tensivist introduced the diagnosis of con- 
genital lobar emphysema with a now-iso- 
lated right middle lobe (RML) (fig 1). 
Bronchoscopy and bronchography followed 
by lobar resection was suggested. Because of 
the cardiac anomaly, additional consulta- 
tions were awaited. 


On hospital day 6, the baby was gaining 
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weight, had increasing cyanosis and cardiac 
failure, urine output was decreasing, and 
blood from a heel puncture indicated that K* 
and BUN levels were rising. The ECG 
showed slight digitalis effect but no con- 
firmatory evidence of the alleged hyperkale- 
mia, which was then attributed to the pres- 
ence of tissue fluid in the blood sample as 
a result of the heel being squeezed to im- 
prove blood flow at the puncture site. 


Ketamine-succinylcholine-O, anesthesia 
was administered to permit bronchoscopy 
and bronchography, which demonstrated an 
obstructed RML. No foreign body could be 
found, and the procedure did not improve 
the RUL and RLL atelectasis. Resection of 
the RML was agreed upon but was delayed 
until better control of the baby’s fluid and 
electrolyte status could be achieved. After 
the bronchoscopy, good diuresis was ob- 
tained from furosemide, a mild but compen- 
sated respiratory alkalosis was present, and 
the PaO. was acceptable. 


Early in the morning of the 7th hospital 
day, 15 hours after bronchoscopy, the infant 
began to struggle against the respirator. 
Since the endotracheal tube was properly 
positioned, pancuronium in incremental 
doses up to a total of 0.08 mg/kg was used 
to restore respiratory control. Tracheal as- 
pirations recovered small amounts of whit- 
ish secretions. Good ventilation was evident 
over the left hemithorax thereafter. Fifteen 
minutes later, the nurses observed a sudden 
onset of severe bradycardia, which then be- 
came asystole. Resuscitation was begun 
with 100 percent O,, delivered by controlled 
manual ventilation from an anesthesia bag, 
and closed-chest cardiac compression was 
started. The heart rate promptly returned 
to more than 100/min, though the color did 
not improve. During the resuscitation, the 
endotracheal tube was briefly displaced into 
the right mainstem bronchus, was suspected 
and confirmed by x-ray, and was reposition- 
ed into the lower trachea and reconfirmed 
by x-ray. Following resuscitation, the color 
remained poor, the pupils were sluggish, the 
baby was listless without sedation, the hy- 
perkalemia became more intense, and he 
could be ventilated without requiring pan- 
curonium relaxation. 


By midmorning his abdominal girth had 
begun to increase, unclottable blood was re- 
covered in small amounts when the tracheo- 
bronchial tree was aspirated, breath sounds 
deteriorated over the left lung, and he be- 
came mildly hypothermic despite extrinsic 
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heating. Bradycardia recurred and closed- 
chest cardiac compression was begun to as- 
sist his impaired cardiac output. Shortly 
thereafter, the heart ceased beating and no 
effective rate or rhythm could be restored 
despite all resuscitative drugs, ventilation 
with 100 percent O., and electric shock for 
3 episodes of ventricular fibrillation. Necrop- 
sy did not define the reason for the ob- 
structed middle lobe bronchus. 


DISCUSSION 


Hyperinflation of lung tissue as the result 
of a functioning one-way valve mechanism 
in the tracheobronchial tree is, fortunately, 
infrequent. Possible in either the infant or 
adult, it may present as a respiratory emer- 
gency or may unexpectedly complicate the 
administration of an anesthetic. Awareness 
of the etiology and pathophysiology of the 
lesion permits the anesthesiologist to sus- 
pect its presence and to modify his man- 
agement accordingly. 


In the adult, hyperinflation of a segment, 
lobe, lobes, or an entire lung may occur if 
a functional check-valve develops in an air 
passage, permitting gas flow on inspiration 
but obstructing on expiration and trapping 
gas behind it. The pulmonary tissue distal 
to the obstruction is gradually pumped up 
to encroach upon neighboring lung lobes, 
shift the mediastinum and heart, and, per- 
haps, to cross the mediastinum and compress 
portions of the contralateral lung. Symp- 
toms obviously depend upon the amount of 
hyperinflation and the basic competence of 
the remaining lung tissue. Whether, and at 
what point, pulmonary perfusion is impaired 
js uncertain, but a ventilation/perfusion mis- 
match аап easily be presumed. 


At some point, the ability of the check- 
valve to open on inspiration is undoubtedly 
terminated by the overexpanded tissue, and 
the offending portion of the lung becomes 
bronchially isolated. While controlled ven- 
tilation at this point might not further over- 
expand that portion of the lung, introduc- 
tion of an anesthetic gas, such as N.O could 
easily, were perfusion intact, cause molecu- 
lar diffusion into the isolated area, thereby 
increasing its pressure and undoubtedly its 
volume. Little imagination is needed to un- 
derstand the undesirable potential of such 
a process. 


Knowledge about congenital lobar em- 
physema is not new. Meyer! reported the 
entity in 1858, as did Nelson? in 1932. Treat- 
ment by lobectomy was described by Leahy 
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and Butsch? in 1949 and by Robertson and 
James! in 1951. The ball-valve process, 
which produces hyperinflation as described 
above, was recognized. However, diagnosis 
and therapy may be delayed, as in the case 
presented, if an unwarranted controversy 
develops over whether the process is pri- 
mary atelectasis with “compensatory” over- 
expansion or whether the expansion is pri- 
mary and collapses adjacent tissue second- 
arily. Were the former true, one would ex- 
pect to see a loss of volume in the atelectatic 
hemithorax with an elevated diaphragm and 
a mediastinal shift toward the lesion. When, 
as in the baby presented, the diaphragm of 
the involved side is flattened and the medi- 
astinum is shifted away from the pathologic 
process, no case can be made for loss of 
volume, and the mechanics of the situation 
becomes clear. 


Etiologically, lobar emphysema is not a 
simple entity. Bronchial obstruction may re- 
sult from local inflammation, a foreign body, 
mucosal flaps, softened bronchial carti- 
lages? which permit bronchial collapse, 
external compression?:;5 by vessels or tissue 
masses, anatomically narrowed bronchi,? a 
mucus plug!" unrecoverable by tracheobron- 
chial aspiration, or a luminal adenoma. No 
evidence reliably associates congenital lobar 
emphysema with overvigorous infant resus- 
citation!" as has been the case with pul- 
monary interstitial етрһуѕета.!!.!° Diffi- 
culty in demonstrating bronchial obstruc- 
tion at autopsy permits consideration of the 
possibility that emphysema has occurred 
primarily, but this does not account for the 
clinical picture of overdistension and en- 
croachment. A more detailed etiologic de- 
bate is available in Murray's excellent re- 
view.!^ 


The association of congenital lobar em- 
physema and heart disease has been well 
documented.!?.!* In 1 series!* eight of four- 
teen cases had heart disease; in another,!* 
fourteen of seventeen. Stanger and cowork- 
ers!? demonstrated that either enlarged pul- 
monary arteries or an enlarged left atrium 
can compress bronchi. Particularly vulner- 
able are the left mainstem bronchus and the 
left upper and right middle lobar bronchi. 
Associated with this extrinsic bronchial com- 
pression is marked softening of the collapsed 
cartilagenous rings. 'The two most frequent- 
ly associated congenital heart lesions are 
ventricular septal defect (VSD) and patent 
ductus arteriosus; each produces an increase 
in pulmonary blood flow.!? While both the 
cardiac and the pulmonary lesion may be 
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severe, hyperinflation is generally the more 
disruptive situation, and its correction is 
usually required before cardiac surgery can 
be contemplated. Pierce's group!? reported 
4 cases of overdistension without adjacent 
lobe collapse or mediastinal shift, in which 
they repaired the cardiovascular pathology 
(2 cases of patent ductus, 1 VSD with pul- 
monary atresia, 1 Tetralogy of Fallot with 
absent pulmonary leaflets), with subsequent 
nonsurgical resolution of the pulmonary 
the chances of an accidental fluid overload. 


Symptomatic congenital lobar emphysema 
is most frequently treated by surgical exci- 
sion of the involved lobe(s). Murray!" re- 
ports a mortality rate of 50 percent for non- 
surgical "conservative" therapy, with 75 
percent of the survivors developing persis- 
tent emphysema. Operative mortality in his 
review was 7 percent. Needle aspiration of 
the hyperinflated lobe has been tried with- 
out acceptable results, or with fatalities.!" 
Following lobectomy, most patients enjoy 
normal growth and development unless 
hampered by other congenital defects. 


Several further problems with the case 
presented merit comment. Whether the syn- 
drome was present in a mild form shortly 
after birth is unclear; suspicion that it was 
is supported by the parents’ report of 
"rapid" and "hard" breathing as a chronic 
characteristic. Review of the chest roent- 
genograms from the first admission of this 
infant to the Medical Center (age 13 
months) shows the middle lobe to be hyper- 
inflated and the lower lobe partially col- 
lapsed but without flattening of the dia- 
phragm or mediastinal shift (fig 2). The 





Fic 2. Chest roentgenogram from earlier admis- 
sion showing partial collapse of RLL with lung 
markings of encroaching RML visible laterally. 
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presence of congenital heart disease and pec- 
tus excavatum implies vascular compression 
of the RML bronchus as the etiologic fac- 
tor in a ball-valve mechanism. It also sug- 
gests secondary bronchial chondrodysplasia, 
and may be a reason for the absence of a 
pathologic diagnosis of bronchial obstruc- 
tion at necropsy. Intercurrent respiratory 
infection undoubtedly was the event that 
provoked the overt respiratory failure by 
accentuating underlying pathology in the 
remaining pulmonary tissue or by obstruct- 
ing a RML bronchus that was only partially 
occluded and not previously productive of 
hyperinflation and encroachment. 


The “pneumothorax” which was treated 
by a chest tube at age 8 months can be 
postulated to have been an overdistended 
RML that was deflated by the chest tube. 
It is tempting to propose this as a form of 
decompressive therapy, but literature ex- 
perience with such an approach has not 
been encouraging.!^ 


Because this infant was intubated and 
placed on mechanical ventilation without 
acute worsening of the encroachment, one 
can presume that the inflammation had fully 
occluded the RML bronchus by that time. 
The perfusion status of that lobe is uncer- 
tain because hypoxemia can be anticipated 
from the congenital heart disease and might 
easily mask shunts attributable to a V/Q 
mismatch. Assuming perfusion and shunting 
to be present, however, one can readily un- 
derstand why N.,O would be an unwise and 
rapidly disastrous addition to any anesthet- 
ic technic proposed for the infant. 


The differential diagnosis of pneumotho, 
rax vs congenital lobar emphysema might be 
difficult under certain circumstances. In this 
instance RUL and RLL collapse with RML 
hyperexpansion rendered the right apex and 
base relatively radiopaque (fig 1), while 
the intervening area was radiolucent and 
contained definite but faint lung markings. 
A pneumothorax usually opacificies the de- 
flated lung, which extends out from the 
hilum toward a clear periphery, with no 
lung markings in the radiolucent area, and 
with a smooth contour for the visceral pleura 
of the collapsed whole lung. Hyperexpansion 
of lobes of the left lung may be harder to 
differentiate from a pneumothorax, but the 
presence of lung markings in the radiolucent 
area should cause strong diagnostic suspi- 
cion. Should radiolucency extend from the 
hyperinflated side across the mediastinum 
without evidence of pneumomediastinum or 
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subcutaneous emphysema, little danger ex- 
ists of confusing lobar emphysema with 
pneumothorax. 


Reliance upon blood samples derived 
from stab wounds in the heel for blood-gas 
and electrolyte data is not infrequent in 
pediatric ICU practice. If the heel is not 
warmed to arteriolize, as nearly as possible, 
the capillary blood before the stab wound 
is made, or if it must be squeezed to obtain 
enough blood for the specimen and tissue 
fluid is inadvertently obtained, the values 
obtained may be confusing or misleading. 
In situations as tricky as in this infant, it 
would seem that a strong case can be made 
for an arterial indwelling sampling port to 
permit accurate measurements with little 
trauma to the patient. Great concern should 
be directed toward knowing the exact vol- 
ume of crystalloids infused into that arte- 
rial line, however, and use of a constant- 
volume pump for this purpose will lessen 
the chances of an accidental fluid overload. 


'The demise of this infant was not thought 
to be an hypoxic event but more likely to 
be due to electrolyte imbalance, diffuse in- 
trapulmonary hemorrhage, and intractable 
heart failure. Whether thoracotomy could 
have been successful immediately after bron- 
choscopy and bronchography is impossible 
to deduce retrospectively. Were a similar 
situation to arise in the future, however, I 
doubt that the valid reasoning applied to 
this infant would delay thoracotomy and 
lobar resection despite the critical nature 
of the patient's condition. 


Lobar emphysema, then, is an infrequent- 
ly occuring entity which may pose signifi- 
«ant problems for the anesthesiologist. Ei- 
ther a*mechanical respirator or manual 
ventilation during anesthesia may worsen a 
slightly symptomatic hyperinflated lung 
segment. Should a patient with a bronchi- 
ally isolated pulmonary subdivision, as ex- 
isted in the infant discussed here, be anes- 
thetized with N.O, the probability exists 
that diffusion of the gas into the isolated 
alveoli via intact perfusing vessels would 
augment the hyperinflation and intensify its 
acute disruptive pathophysiology. Aware- 
ness of these situations and of their me- 
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chanics might help avoid otherwise poten- 
tially fatal respiratory misadventures. 
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Bronchial Blockade in a Child with a 
Bronchopleural-Cutaneous Fistula Using 
A Balloon-Tipped Catheter 
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Rochester, Minnesota§ 


Dioses blockade has often been used 
for airway isolation during thoracic 
surgery. Whenever infectious processes are 
combined with the surgical requirement that 
the diseased hemithorax be positioned up- 
permost, blockade of the offending bronchus 
seems desirable. Magill-type blockers, tam- 
pons, and other devices previously used are 
seldom found in operating rooms today. 
Bronchial blockade in children, involving 
considerably smaller airways than in adults, 
has in the past been thought very difficult. 
It may, in fact, be more important to at- 
tempt bronchial blockade in infected pul- 
monary cases in children than in adults, 
due to the shorter distances for infectious 
material to travel to contaminate other pul- 
monary structures. 


'The following case is reported to call at- 
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tention to the ease with which bronchial 
blockade can be achieved with the Fogarty 
balloon-tipped arterial embolectomy cath- 
eter, and also to illustrate its effectiveness 
not only in blocking secretions but also i 
allowing adequate positive-pressureeventila- 
tion of the remainder of the lung. Further, 
the case serves to illustrate that a gastight 
seal can be achieved with this method. 


REPORT OF A CASE 


Our patient was a 3-year-old girl weigh- 
ing 13 kg who was apparently well until ap- 
proximately 1 year prior to operation, when 
she developed what was diagnosed as a 
hemophilus influenza pneumonia. This sub- 
sequently became an empyema requiring 
open drainage. She was discharged with an 
empyema tube bandaged in place (open to 
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ANESTHESIOLOGIST NEEDED—Board Cer- 
tified desired with supervisory experience, 
now have three anesthesiologists and thirteen 
CRNAs doing all types surgery except open 
heart. Involved in intensive care, respiratory 
care, pain clinic, school for CRNAs and stu- 
dent and resident training cooperating with 
Jefferson Medical School. Lovely family com- 
munity area. Call (412) 539-9711, ext. 273, or 
send resume to Mr. K. D. Bowman, Assistant 
Administrator, Latrobe Area Hospital, Latrobe, 
Pa. 15650. An equal opportunity employer. 





CALIFORNIA—ANESTHESIOLOGISTS. Ex- 
cellent opportunity to practice and participate 
in academically oriented program. Delightful 
California city. Favorable plan of remunera- 
tion and time off will be worked out. We can 
pay your professional liability insurance. Send 
curriculum vitae in first letter to: Jerome S. 
Harris, M.D., Director of Medical Affairs, Val- 
ley Medical Center, 445 S. Cedar, Fresno, Cali- 
fornia 93702. 
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ANESTHESIOLOGIST: Board certified/eligi- 
ble to join newly formed group of anesthesi- 
ologists and nurse anesthetists in New Orleans. 
Fee for service private practice at 650-bed 
general hospital and newly opened Pediatric 
hospital. Write or call Metropolitan Anesthesia 
Associates, 4520 Melpomene, New Orleans, La. 
70185. (504) 822-9331. 


————————————— 
FACULTY POSITIONS 


Department of Anesthesiology, Charity Hos- 
pital, New Orleans, affiliated with LSU and 
Tulane Medical Schools, has three faculty posi- 
tions open for board certified/eligible anesthe- 
siologists at  Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 


MARYLAND: 
Staff at Baltimore City Hospitals. Excellent 
fringe benefits and salary. Residency fully in- 
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tegrated with the Johns Hopkins Medical 
School program. Send CV to Peter Chodoff, 
M.D., Anes-in-Chief, Baltimore City Hospitals, 
4940 Eastern Ave., Baltimore, Maryland 21224. 





2 American anesthesiologists, eligible for oral 
boards in April 1977 from world-famous mid- 
western center, desire to relocate in Ohio or 
other state if center is attractive. Extensive 
experience in vascular, neuro and cardiovascu- 
lar anesthesia. Contact Box 11-76-A in care of 
LA.R.S. 





ANESTHESIOLOGIST, 38, ABA certified, 
university trained, excellent references, seeks 
assoc. partner or group. No geographic prefer- 
ences, prefer city or suburb. Available June 
1977. Write to Box 11-76-B c/o LA.R.S. 





ANESTHESIOLOGIST—LOCUM TENEMS— 
1/77 - 3/77 in multispecialty center in NW low- 
er Michigan. Excellent skiing and winter sports 
area. Michigan licensure necessary. Practice 
includes cardiac anesthesia and respiratory care. 
Share call with three other Board certified an- 
esthesiologists. Contact: J. R. Rasmussen, M.D., 
c/o Burns Clinie Medical Center, P.C., 560 W. 
Mitchell, Petoskey, Michigan 49770. 





ANESTHESIOLOGIST—BOARD CERTIFIED 
OR ELIGIBLE to assume position as director 
of and/or consultant to a hospital anesthesi- 
ology department in a new, rapidly growing, 
171-bed Midwestern hospital; service area cov- 
ers 150,000 residents and responds to a medical 
staff of 50-60 physicians; progressive city of 
35,000 with excellent schools, cultural activities, 
and recreational oppotunities; salary $80,000 © 
base and excellent compensation plan. eSend 
c.v. and references to Michael L. Wintory, 
Director of Personnel, St. Mary's Hospital, 
3333 N. Seminary St., Galesburg, IL 61401. 
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CLASSIFIED ADVERTISING 


ANESTHESIOLOGY 
CHAIRMAN 


The Hospital Center at Orange has an 
exceptional opportunity for a Board Cer- 
tified or Board eligible Anesthesiologist 
with a minimum of 10 years experience 
to coordinate the activities of our De- 
partment of Anesthesiology as the De- 
partment Chairman. An affiliation with 
Medical School for a student and house 
officer training program is being pursued. 
The selected candidate will be considered 
for academic appointment to the New 
Jersey College of Medicine and Dentistry. 

A competitive compensation package 
consisting of administrative fee or salary 
plus fee-for-service income will be avail- 
able. 

The Hospital Center has approximately 
400 beds consisting of two units; namely 
The Orange Memorial Hospital and The 
New Jersey Orthopaedic Hospital Unit 
located in suburban N.J. offering con- 
venient access to New York City and 
Philadelphia. 


Send curriculum vitae to: 
Arthur T. Dunn, President 


THE HOSPITAL CENTER 


AT ORANGE 
188 South Essex Ave. 
Orange, New Jersey 07051 
Equal Opportunity Employer 


CHIEF OF ANESTHESIOLOGY 


Major Midwestern medical center with a medi- 
cal school affiliation is seeking an outstanding 
Anesthesiologist to head the Department of 
Anesthesiology. This is an immediate oppor- 
tunity to restructure and/or build upon our cur- 
rent team. Our compensation package is ex- 
ceedingly attractive and the working conditions 
are excellent as a result of our recently com- 
pleted, multi-million-dollar expansion program. 
Please send curriculum vitae to: John D. Silbar, 
M.D., Chairman, Anesthesia Search Committee, 
Mount Sinai Medical Center, 950 North 12th 
Street, Milwaukee, Wisconsin 53233. 


eee 


LOUISIANA—Tulane University, New Orleans. 
Immediate positions available for Academic 
Anesthesiologists in new Department of Anes- 
thesiology. Positions in all anesthetic subspe- 
cialties, intensive care and respiratory therapy 
in new university teaching hospital. Tulane Uni- 
versity is an Affirmative Action/Equal Oppor- 
tunty employer. Curriculum vitae to: Robert R. 
Kirby, M.D., Department of Anesthesiology, 
Tulane University School of Medicine, 1430 
Tulane Ave., New Orleans, Louisiana 110112. 








PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 


Childrens Hospital of Los Angeles 


Three-phase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 
dren. 

AMA approval for third-year residency. Posi- 
tions available from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 

Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 
——Ó— M——— —Á—— cl 


DIRECTOR/SCHOOL OF NURSE ANESTHE- 
SIA. Immediate opening for CRNA with Mas- 
ters Degree. We have a two-year program with 
university and medical school affiliation lead- 
ing to a B.S. degree and CRNA certification. 
Ability to work independently in curriculum 
formation and school supervision is essential. 
Excellent salary and benefit package. If you are 
seeking a challenging position and career in 
a large medical teaching center, send resume 
with salary history and requirements to: Mrs. 
Anna Barker, Employment Manager, Medical 
Center Hospitals, Norfolk General Hospital 
Division, 600 Gresham Drive, Norfolk, Virginia 
23507. 

ee 

FACULTY POSITIONS 


New University Department of Anesthesiology 
seeks full-time faculty (all levels) with inter- 
ests in intensive care, ambulatory and obstetri- 
cal anesthesia. Also, full-time director of pedi- 
atric (not neonatal) intensive care and respira- 
tory therapy. Challenging positions for those 
genuinely interested in teaching students and 
residents, research and development of a new 
Department. Pleasant university oriented com- 
munity of 1,000,000. Excellent schools and liv- 
ing areas. Salaries negotiable. Send curriculum 
vitae to: R. Bryant Roberts, M.D., Professor 
and Chairman, Department of Anesthesiology, 
Wright State University School of Medicine, 
Dayton, Ohio 45431. 
=“ 
CHIEF ANESTHESIOLOGIST for 200-bed 
hospital—five modern OR’s. All surgical serv- 
ices except open heart and neurosurgery. Ex- 
cellent job challenge. Salary based on past 
experience and type of appointment. No mal- 
practice insurance required. For information 
cal or write to Dr. Zwemer, Chief Surgeon, 
Phoenix Indian Medical Center, 4212 North 
16th Street, Phoenix, Arizona 85016. (602) 
263-1200. The Indian Health Service is a Fed- 
eral Employer and Federal Civil Service or 
Publie Health Commissioned Corps benefits 
and requirements apply. Preference is given 
to qualified Indian or veteran applicants. IHS 
is an equal opportunity employer. 


Brief Reports ... 


adherence of part of the cuff to the under- 
lying tube, causing puckering of the rest of 
the cuff—this is especially true in older 
tubes and when the cuff is wet; (4) vocal 
cord paralysis from muscle relaxant admin- 
istration during intubation, with recovery of 
normal cord function during extubation. 


We believe all the above factors contrib- 
uted to our problem. 


The clinician should be aware that flange 
formation can occur not only in cuffs with 
a large residual volume but also in those 
with low residual volume if tubes are old or 
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worn. Therefore, all cuffed tubes should be 
examined closely prior to insertion. Selec- 
tion of a smaller and newer tube would prob- 
ably have prevented our problem. 
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Humidity Output of the Columbia Pediatric Circle 


SIVAM RAMANATHAN, MD* 
JACK CHALON, Мрт 
PETER RAND} 
HERMAN TURNDORF, MDS$ 


New York, New York| 


R^» and Salanitre! have stated that 
infant circles generate enough mois- 
ture (through the neutralization of soda lime 
by СО») to satisfy the humidity require- 
ments of all pediatric patients. To verify 
this assumption, we studied the humidity 
output of this system on a model patient. 
Variation in inhalation limb humidity at the 
Columbia valve, in relation to Vco, and 
‘fresh gas inflow, are described and dis- 
cussed during and after a 2-hour period of 
stabilization. Recommendations for further 
humidification, when required, are made. 


MATERIALS AND METHODS 
A model patient was constructed (fig 1) 
by attaching a 1 or 2-L anesthetic bag to 
the patient end of the Columbia valve of a 
Columbia pediatric system, and flowing CO, 
from a calibrated metered source through 


*Assistant Professor of Anesthesiology. 
tAssociate Professor of Anesthesiology. 
iResearch Volunteer, Boston University Student. 


the tail end of the bag. A Cascade humidi- 
fier** was inserted in the expiratory limb of 
the circle near the valve. A hygrosensor, 
connected to a Hydrodynamics Electric Hy- 
grometer Indicator,tt was placed at the 
valve end of the inspiratory limb. 'Ther- 
mistor probes connected to a Yellow 
Springs multichannel telethermometertt 
were placed: (1) near the hygrosensor in 
the inspiratory limb, (2) at the outlet of 
the Cascade, and (3) in ambient air. The 
thermostat of the humidifier was regulated 
to maintain outlet temperature at 32°C 
(the mean temperature measured in the 





**Bennett Respiration Products, Inc, Santa Monica, 
California. 

jtHydrodynamics, Inc, Silver Springs, Maryland 
(model 15-3001). 


itiYellow Springs Company, Yellow Springs, Ohio 
(model 45). 
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Fic 1. Model patient of Columbia pediatric circle. 
OIV=Ohio infant ventilator, RPA=Rosewell Park 
Absorber, FGI=fresh gas inflow from anesthesia 
machine, M=manometer, EHI=Electric Hygrometer 
Indicator, HS=hygrosensor, CCV=Columbia circle 
valve, B=bag receiving CO, through its tail end, 
CH=Cascade humidifier, MCTT=multichannel tele- 
thermometer, T1, T2, T3 = thermistor probes: in 
inspiratory limb, at outlet of Cascade and in am- 
bient air, respectively. A Steen valve on the inspira- 
tory limb is not shown. 


endotracheal tube of 10 anesthetized chil- 
dren at the level of the incisor teeth or 
gums). Ventilation was provided by an Ohio 
pediatric anesthesia ventilator* (series 300/ 
DO). 


Four sets of experiments were conducted 
using fresh dry systems and CO, inputs of 
15, 30, 45, and 60 ml/min (3 ml/kg body 
weight) ,° figures estimated respectively to 
be the Vco. of children weighing 5, 10, 15 
and 20 kg. Ventilator settings, using com- 
monly employed ventilatory parameters, 
were adjusted as follows: (1) Vt = 50 ml, 
f = 24; (2) Vt = 100 ml, f = 22; (3) Vt 
150 ml, f = 20; and (4) Vt 200 ml, 
f = 18, for the 5, 10, 15, and 20-kg model 
children, respectively. 


All experiments were run with fresh gas 
inflows (FGI) of 1, 3, and 5 L/min. The 
canister was filled with 900 gm of soda lime 
USP. Humidity and temperature measure- 
ments were recorded at 15-minute intervals. 
A 1-L anesthetic bag was used at the patient 
end of the system for the 5 and 10-kg models 
and a 2-L bag for the 15 and 20-kg models. 
Room temperature was recorded throughout 
the study. All experiments were repeated 
5 times. Results represent the mean of 5 
individual measurements recorded under 
identical conditions. 


RESULTS 


The humidity output of the Columbia pe- 
diatric circle after a 2-hour period of sta- 


*Ohio Medical Products, Madison, Wisconsin. 
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bilization ranged from 3 mg/L H,O with a 
Vco. of 15 ml/min and an FGI of 5 L/min 
(fig 2) to 20 mg/L Н.О with a Vco, of 
60 ml/min and FGI of 1 L/min. Humidity 
readings at the onset of all experiments 
ranged between 2 and 3 mg/L H,O, reach- 
ing approximately 50 to 60 percent of sta- 
bilized values within 1 hour. Room air re- 
mained at 22 and 24? C throughout all ex- 
periments. 


DISCUSSION 


The humidity output of the Columbia 
pediatric circle, which ranges from 3 to 20 
mg/L Н„О after a 2-hour period of stabiliza- 
tion, is generally within acceptable levels.* 
At an FGI of 1 L/min, all humidity values 
(fig 2) are above 12 mg/L so long as the 
Vco., attains or exceeds 30 ml/min. The 
system should, therefore, be further humidi- 
fied by vaporizers incorporated into the cir- 
cuitry when it is used on infants weighing 
5 kg or less. The FGI should always be kept 
around 1 to 3 L/min, as at an FGI of 5 
L/min, all humidity values fall short of the 
minimum recommended level.* 


Despite these mild disadvantages, the con- 
struction of the system is sound. With the 
exhalation tube placed inside the inhalation 
tube for a distance of 4 cm, the Columbia 
valve allows it to act as a heat and moisture 
exchanger, thus further elevating inspired 
humidity. The absorber contains a trap 
which drains out of the system the water 
formed by the reaction of neutralization, 
thus preventing encrustation within the ap- 
paratus. In addition, all gases exhaled into 
the system are subjected to the germicidal 
effect of the lime? before reaching the ven- 
tilator (or bag), thus reducing respiratory 
cross-contamination. е 


2 5 
€ 


Vco, (mi/min) —7 


“ 


FiG 2. Nomogram predicting the inspired humid- 
ity of a child placed on the Columbia circle after 2 
hours of use in relation to Vco, and FGI. Shaded 
area indicates humidity range of system. To esti- 
mate inspired humidity, join FGI value (extreme 
right) to Vco, (center) and prolong to intersection 
with humidity line (left.) Read absolute humidity 
at that point. After 1 hour of use, humidity values 
are between 50 and 60% of figures derived from 
this nomogram. 


FGI 
(L/min) 






С27 HUMIDITY RANGE 
AT STABILIZATION 


ABSOLUTE HUMIDITY ( mg/L) 
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Modification of a Bird® Mark-14 Anesthesia Ventilator 
for Greater Versatility 


C. S. JONES, MB, ChB* 


HIS anaesthetic machine (figure)t is a 

Bird? Mark 14 positive-phase ventilator 
powered via a Bird N.O-O, blender. The 
selected gas mixture is delivered through a 
Fluotec® Mark 2 or any other vaporizer of 
low internal resistance. A ventilation meter 
is incorporated in the delivery line to moni- 
tor ventilating volumes. 


When the patient breathes spontaneously, 
the machine can be set to assist each respira- 
tion to the degree judged necessary by the 
anesthesiologist. The machine can also be 
programmed to control ventilation. 


Adaptation to enable entrainment of the 
selected gas mix presently involves gas 
e bleed-off from the common line to a reser- 
voir bag. In the primitive form shown, this 
bleed-off volume is considerably greater than 
is necessary and a needle valve control 
could with profit be installed in the bleed- 
off line to reduce waste. 


If the O, supply fails, or gas source pres- 
sures vary so greatly that the accuracy of 
the blender is impaired, an audible signal 
is emitted and the ventilator will not cycle. 
Under proper working conditions, the blend- 
er will not deliver О, in less than 25 per- 
cent concentration. 





+The apparatus described utilizes principles explored 
and enunciated by Dr. McKesson 65 years ago. 





Ficure. The Bird? Mark-14 Ventilator modified 
for routine use as a demand-feed anesthetic machine. 


This apparatus has been used success- 
fully for over three years, for more than 
1000 patients, and for a wide variety of 
surgical procedures. 


*314 Sanlam Building, Worcester, Republic of South Africa. 
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Decreased Arterial Oxygenation During Sodium Nitoprusside 
Administration for Intraoperative Hypertension 


JOSEPH L. SELTZER, MD* 
JOSEPH B. DOTO, JR, MD} 
JAY JACOBY, MD, PhD¢ 


Philadelphia, Pennsylvania§ 


NDESIRABLE hypertension is sometimes 
associated with morphine-N.,O anes- 
thesia for cardiac surgery. Two common ap- 
proaches to control of such hypertension are 
the use of chloropromazine!:? and the addi- 
tion of inhalation agents? In the present 
study, we used sodium nitroprusside to ob- 
tain normal blood pressures intraoperative- 
ly, finding this procedure generally useful, 
with one possible hazard. 


METHODS 


Seven patients who developed hyperten- 
sion under morphine-N.O anesthesia for cor- 
onary artery surgery were studied. All had 
received at least 1 mg/kg of morphine sul- 
fate (range 1.06 to 1.6 mg, mean 1.37 mg), 
d-tubocurarine, and N,O-O, (50:50). Hy- 
pertension was considered present when sys- 
tolic pressure was 50 torr greater than the 
highest pressure recorded preanesthetically, 
or was greater than 200 torr. Heart rate, 
arterial blood pressure, central venous pres- 
sure, and arterial blood gases were recorded 
before and 15 to 30 minutes after the lower- 
ing of the blood pressure with 100 pg/ml 
of sodium nitroprusside in 5 percent dex- 
trose and water. 


The drip was started at 20 „g/min and 
increased until the desired effect was ob- 
tained. The mean rate required to control 
hypertension was 105.7 + 19.9 „g/min 
(range 90 to 150 ,g/min). The mean total 
dose at the time of blood-gas drawing was 
2.2 0.7 mg (range 1.5 to 3 mg). 


TABLE 
Mean =Œ SD (and Range) of Arterial 
Blood-Gas Tensions and pH Values for 
7 Patients Before and After 15 to 30 
Minutes of Sodium Nitroprusside Treatment 


for Intraoperative Hypertension 
—-————— 





Before After 
Рао» 219.1 + 47.9 143.1* + 34.1 
(134-275) (100-185) 
Paco, ЗУБА 34.8 + 7.4 
(21-46) (20-43) 
рН 7.42 + 0.05 7.44 + 0.07 
(7.36-7.53) (7.38-7.55) 
*p<0.01. 


RESULTS (table) 


Mean Pao, values decreased 76 torr 
(p<0.01). Paco, and pH did not change 
significantly. In 4/7 patients, the infusion 
was required during bypass also. None had 
any difficulties in terminating the perfusion 
procedure, and none had any postoperative 
recall of the procedure. 


DISCUSSION e 


Arens and associates,! in 200 patients who 
received 1.5 to 3 mg/kg of morphine, had 36 
patients with hypertension for whom chloro- 
promazine was used after finding droperidol 
to be ineffective. Conahan’s group? also re- 
ported the use of chloropromazine to treat 
hypertension associated with morphine an- 
esthesia. Stoelting and coworkers? added 
low concentrations of halothane to 1 mg/kg 


*Resident in Anesthesiology, Thomas Jefferson University Hospital. Present address: Division of Anes- 
thesiology, USAF Medical Center, Wright-Patterson AFB, Ohio 45433. 


{Clinical Assistant Professor of Anesthesiology. 


{Professor and Chairman, Department of Anesthesiology. 


§Thomas Jefferson University, Philadelphia, Pennsylvania 19107. 
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of morphine and N,O. Although chloropro- 
mazine has been found effective in lower- 
ing blood pressure, it is an alpha-adrenergic 
blocking agent and may cause prolonged 
hypotensive effects which might hamper 
termination of bypass. Also, patients may 
sleep for prolonged periods postoperatively 
after the large doses necessary to lower 
blood pressure for a prolonged operation. 
Halogenated hydrocarbons may also prove 
undesirable because of their myocardial- 
depressant effects and their possible poten- 
tial for visceral toxicity. 


Sodium nitroprusside offers a valuable 
alternative because of its rapid onset and 
prompt termination of action. Styles and 
colleagues* reported an increase in cardiac 
output in patients under anesthesia in whom 
sodium nitroprusside was used to induce 
hypotension to about 45 torr below control; 
the blood-gas analysis in their study showed 
a statistically insignificant decrease in Pao». 
Wildsmith's group? reported a marked de- 
crease in Pao, in patients given sodium 
nitroprusside to induce hypotension to a 
systolic pressure of 50 to 60 torr below halo- 
thane-N.O anesthesia. 


The marked fall in Pao, in our patients, 
without changes in pH or Paco», can be best 
explained by postulating the opening of in- 
trapulmonary shunts and therefore a change 
in the ventilation:perfusion ratio. Chatterjee 
and coworkers? demonstrated a decrease in 
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pulmonary vascular resistance and pulmo- 
nary artery filling pressures in patients with 
myocardial infarctions receiving sodium ni- 
troprusside. Another possible explanation 
would be a fall in cardiac output, which has 
been reported’ in unanesthetized hyperten- 
sive and normotensive subjects receiving 
sodium nitroprusside. 
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An Anesthetic Gas Scavenger for the Jackson-Rees System 


KENNETH J. CESTONE, MD* 
е WILLIAM Р. RYAN, CRNAT 
CHARLES D. LOVING, RNE 


Bennington, Vermont§ 


W: HAVE developed a Plexiglass® gas 
evacuator| (figure) for pediatric sys- 
tems that vent exhaust gases from the tail of 





[Manufactured by Anesthesia Associates, Inc, Hud- 
son, New York. 


*Staff Anesthesiologist. 
+Nurse Anesthetist. 
tNurse Anesthetist. 


the reservoir bag. It is extremely simple, re- 
quiring no additional apparatus, and fits 
directly into the bag tail, while standard 
wall-suction tubing fits directly over the 
outlet at a right angle to the valve. It 
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Ficure. Plexiglass® Gas Evacuator. 


incorporates a bag tail overflow valve, enabl- 
ing the anesthetist to manually control bag 
distention and inflation pressures at custom- 
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ary gas flows. The unit is most suitable for 
modified Jackson-Rees systems. 


The evacuator is constructed to prevent 
the suction from either collapsing the bag 
or affecting gas flow to the patient; only 
gases exhausted by the pop-off valve are 
evacuated. With gas flows of 4 to 10 L/min 
and inflation pressures below 40 torr, no 
leakage was detected using moderate wall 
suction. 


We have employed the unit clinically and 
have found it safe, light, effective, and con- 
venient when used as described. It should 
not be autoclaved, but may be gas or cold- 
sterilized. 


A Method for Inserting the Carden Tube 


JAMES E. COOKE, MD* 
JUDITH B. HOOD, MD} 
JOHN D. THOMAS, MD 


Charleston, South Carolina§ 


Peers investigators! have reported 
difficulty in inserting the Carden tube. 
Where anatomic abnormality exists, both 
trainees and attending anesthesiologists of- 
ten encounter extreme difficulty. We have 
developed a safe, relatively easy method for 
inserting the Carden tube when microlaryn- 
goscopy is planned. 


We removed 6 cm of the plastic insulation 
from a 12-gauge copper wire and formed a 
"U" bend in the wire at the 6 cm point. The 
wire was then shaped to follow the natural 
curve of the patients’ airway. The exposed 
copper wire was lubricated and placed in 
the Carden tube (figure). 


The position of the Carden tube on the 
stylet is important. The tip end of the stylet 
should be 1.5 cm from the distal end of the 
endotracheal tube to prevent injury to the 
trachea by the stylet. The hump in the 
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Ficure. Technic for inserting Carden tube; de- 
Scribed in text. 


stylet is placed at the furthest end of the 
tube facing posteriorly. This prevents the 
tube from sliding and turning on the stylet, 
an additional precaution against injury. 


3Medical University of South Carolina, Charleston, South Carolina 29401. 
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During insertion, the cuff tube and jet 
tube are held between the fingers at the 
proximal end of the stylet. Under direct 
vision, the trachea is exposed and the Car- 
den tube inserted to a position with the 
proximal end just below the vocal cords. The 
tubes are released, the cuff inflated, and the 
stylet removed. The cuff is always inflated 
before removal of the stylet, to avoid acci- 
dental dislodgement of the tube. 


We have found our insertion technic to 
be quite simple and to avoid previously- 
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described difficulties. First-year anesthesia 
residents have found placement of the Car- 
den tube with stylet as easy as insertion 
of a standard endotracheal tube. We believe 
use of the stylet is as safe as and more 
successful than use of Magill forceps or 
uterine packing forceps. 
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Comparison of Dot Test and Digit-Symbol Test 
for Street Fitness of Outpatients 


JOSEPH G. RITTER, MD* 
NANCY ANDERSON, MAT 


HE Trieger Dot Test has been described! 

as an adequate measure of street fitness 
for discharge of same-day surgery patients. 
This test is essentially an adaptation of 
design 4 of the Bender-Gestalt Visual Motor 
Test. Since the directions were altered from 
the original procedure of copying the design 
and require that the patient connect the dots 
with a measure of variance used to deter- 
mine pre- and postoperative scores, previ- 
ous studies of normal and deviant popula- 
tions on this test cannot be used to establish 
the validity and reliability of the test. In 
addition, scoring of the Trieger is time con- 
,suming. Other authors have also suggested 
criteriagfor street fitness.2-> 


As gross motor coordination after anes- 
thesia returns to baseline values more rap- 
idly than fine motor coordination, a meas- 
ure of fine motor coordination meets one of 
the criteria essential to establishing the 
validity of the test. Selection of a widely 
used and well standardized test would per- 
mit the application of already established 
normative data and reliability studies. Other 
criteria are that it be short in duration and 
relatively easy to administer and score. The 
Digit-Symbol subtest of the WAISt® and 


the Coding (Digit-Symbol) subtests of the 
WISCt-R? and WISC* appear to meet these 
criteria. 
METHOD 

A 60-day trial was instituted during 
which both the Trieger Dot Test and the 
Digit-Symbol Tests were administered to 
all outpatients for general anesthesia. For 
the 6-to-8-year age group, the WISC-R Cod- 
ing Test A (Digit-Symbol) ; for the 8-to-16- 
year age group, the WISC Coding B (Digit- 
Symbol); and for the over-16 group, the 
WAIS Digit-Symbol subtest were used. 


The younger children make 1 or 2 hori- 
zontal or vertical lines or a circle inside 
stars, triangles, etc, in imitation of 5 com- 
pleted symbols. 'The adolescent and the 
adult groups place symbols below prescribed 
digits duplicating the digit-symbol combina- 
tions shown at the top of the test paper. 
These 2-minute timed subtests provided a 
measure of speed and accuracy on a routine 
task yielding a score based on visual dis- 
crimination, short-term memory, and fine 
motor coordination functioning—all basic 
skills necessary for street fitness. The use 





iWAIS: Wechsler Adult Intelligence Scale; WISC: 
Wechsler Intelligence Scale for Children. 
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of scaled scores rather than raw scores takes 
advantage of the extensive standardization 
of both the WISC and the WAIS tests. 


The Digit-Symbol Test is administered 
with the patient seated at a table or in an 
armchair with a flat surface available and 
directions are read aloud by the person ad- 
ministering the test. Following a sample 
practice section, the patient copies the sym- 
bols appropriate to the numbers as rapidly 
as he can during the 2-minute period. 'The 
raw score ( total number of correct responses) 
is converted to a scaled score as per the 
norms established for each age group.95 


After the return to normal of the patient's 
vital signs and orientation to hospital, doc- 
tor, and room number, the same test is ad- 
ministered to the patient under the same 
conditions. The raw score is converted to a 
scaled score as per the norms and the result 
compared with the preoperative scaled 
score. If the postoperative scaled score is 
below the preoperative, the patient is re- 
tained and the identical test repeated in 14 
hour. 


Since repeated testing with the same test 
form with normal subjects results in slightly 
improved scores, the question of re-test reli- 
ability arises. However, in this case the 
physician is interested in a return of func- 
tioning related to street fitness. For improve- 
ment in test performance to occur as a re- 
sult of increased practice, the functions of 
visual discrimination, short-term memory, 
and fine motor coordination would have to 
return to preoperative levels. Thus, repeated 
testing with the same form can be conducted 
at 14-hour intervals without interfering with 
the validity of the measure. 


RESULTS 

During the period October 1, 1974, to May 
30, 1975, 257 outpatients for general anes- 
thesia were tested with the Dot Test. Dur- 
ing April and May 1975, 82 outpatients for 
general anesthesia were given both the Dot 
Test and the Digit-Symbol Test, according 
to age. Since June 1, 1975, the Digit-Symbol 
Tests have been used exclusively on 847 
patients. 


The subjective evaluation of the staff in 
the Short Procedure Unit as to ease of test- 
ing and ease of scoring was recorded. Vari- 
ability in the comparative scoring systems 
for the Dot Test and the Digit-Symbol Test 
were evaluated, as was the time for arrival 
in the recovery room until satisfactory scor- 
ing was achieved. 
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In subjective evaluation of ease of admin- 
istration, the Digit-Symbol Testing required 
the use of a nurses' aide or ward clerk to 
administer the test over the 2-minute period 
prescribed. This time was compensated for, 
however, by the greater ease of scoring the 
Digit-Symbol Test. An evaluation of the 
degree of error is not necessary with the 
Digit-Symbol Testing as with the Dot Test. 
In comparing the results of the 2 tests, there 
were no instances where the Digit-Symbol 
Test consistently produced a score which 
mitigated against discharge of the patient, 
while in + 10 percent of the cases, the Dot 
Test consistently produced a worse score 
postoperatively than preoperatively. Either 
repeated testing or other situational factors 
adversely influence the patient's responses 
with the Dot Test. Nursing personnel chose 
the Digit-Symbol Test the more time saving 
and more accurate in evaluating street fit- 
ness. 


Average time from recovery room to dis- 
charge was 286 minutes during the period 
when the Dot Test was used, 322 minutes 
when both tests were used, and 175 minutes 
with the Digit-Symbol test alone. 


CONCLUSIONS 


Our studies suggest that the Digit-Symbol 
Tests are easier than the Dot Test to admin- 
ister, easier to score, provide a better meas- 
ure of street fitness, and allow for earlier 
safe discharge of the patient from the am- 
bulatory unit. 
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Acute Maxillary Sinusitis Complicating Nasotracheal Intubation: 
А Case Report 


T. JAMES GALLAGHER, MD* 
JOSEPH M. CIVETTA, MD} 


Miami, Floridat 


Av maxillary sinusitis is frequently 
mentioned as one of the complications 
of nasotracheal intubation. Arens and asso- 
ciates! recently reported a 2 percent inci- 
dence in a retrospective study. In that group 
all patients complained of pain or had some 
other definite symptom, and all responded 
to antibiotic therapy. 


In the acutely ill patient, the diagnosis 
becomes both more difficult and more im- 
portant. The patient is usually too ill to 
complain specifically, and the presence of 
the tube prevents vocalization. An elevated 
temperature is of no diagnostic value in a 
setting of many possible causes. Therefore, 
in evaluating sepsis, patients with nasotra- 
cheal tubes should have sinus films taken 
as soon as feasible. If the source is not dis- 
covered, hematologic seeding? and sepsis 
may occur. The following case exemplifies 
these problems. 


REPORT OF A CASE 


A 49-year-old man was hit by a truck, sus- 
taining a pulmonary contusion, partially 
lacerated pancreas, and an open fracture of 
the right ulna. Prior to induction of anes- 

ethesia for abdominal exploration, an 8.5-mm 
low-pressure cuff was placed through the 
nares. No mucosal-shrinking agents were 
used. 


His postoperative course (fig 1) was com- 
plicated by respiratory failure, treated by 
intermittent mandatory ventilation and pos- 
itive end-expiratory pressure. He became 
febrile from the time of operation, potential 
sources including his contused lung, the 
Swan-Ganz catheter, and the site of his open 


ANTIBIOTIC TREATMENT: 
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antibiotics used according to new culture results. 


facture. Pancreatitis was also considered be- 
cause of persistent abdominal drainage with 
high amylase content. Blood cultures grew 
Streptococcus; Proteus and Herellea were 
identified in tracheal secretions, and the ab- 
dominal drainage contained Enterococcus. 
Cerebrospinal fluid cultures were negative. 
As each new positive culture was obtained, 
sensitivities were checked to insure appro- 
priate antibiotic coverage. 


On the 13th postoperative day, abdominal 
exploration was performed in an attempt to 
find the source of sepsis. None was discov- 
ered, but during the course of anesthesia, a 
purulent discharge was noted from the right 
naris. At this time, the nasotracheal tube 
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Fic 2. Arrow demonstrates air-fluid level in the 
maxillary sinus while in the supine position. 


was exchanged for an orotracheal tube. This 
discharge revealed Proteus, Klebsiella, and 
Citrobacter when cultured. 


Postoperatively, the fever continued in 
spite of appropriate antibiotic therapy. Si- 
nus films were obtained after physiologic 
stability permitted transport. An air-fluid 
level was seen in the maxillary sinus (fig 
2). 'There was no evidence on routine films 
of a maxillary fracture. The sinus cavity 
was drained shortly thereafter of 30 ml of 


foul-smelling pus. Proteus, Klebsiella, and 
Citrobacter were subsequently grown from 
the cultures. His temperature returned to 
normal on the following day. 


COMMENT 


This patient had multisystem failure and 
the path to the final diagnosis was quite 
complicated. There is need for a complete 
and exhaustive search to identify the source 
of sepsis in the severely ill patient with 
multiple problems. The case also demon- 
strates the fallacy of relying on culture re- 
ports alone for therapeutic decisions. 


The argument that long-term intubation 
is better tolerated with a nasal tube is not 
supported by objective data. Since sinusitis 
as well as other complications?? are more 
likely to result from nasotracheal intubation, 
orotracheal intubation may be attended by 
fewer complications. 
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SUCTION CATHETERS. This study was undertaken to evaluate mucosal trauma 


following tracheobronchial suctioning. 


Four different design suction catheters were 


evaluated including a beaded tip designed to prevent invagination of tracheal mucosa. 
The effect of a single suctioning procedure on the airway mucosa was observed and 
photographed through a fiberoptic bronchoscope. During a single suctioning procedure 
all catheters performed equally well and were associated with minimal trauma. Tracheal 
mucosal hemorrhage was not observed. Trauma with repeated suctioning is probably 
most related to frequency, vigor of catheter insertion, duration and negative pressure. 
(Jung RC, Gottlieb LS: Comparison of tracheobronchial suction catheters in humans. 
Visualization by fiberoptic bronchoscopy. Chest 69:179-181, 1976) 
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Supine Hypotensive Syndrome Caused by 
Intra-Abdominal Mass: A Case Report 


JONG MIN 


KIM, MD* 


CHANA BUAKHAM, МОТ 
FLORENCE McAMIS, RN 


Kansas City, Kansas§ 


An obese woman who presented with 3 sepa- 
rate intra-abdominal masses developed a su- 
pine hypotensive syndrome following induction 
of general anesthesia. The hypotension was 
corrected by positioning the patient in a left 


Ve CAVAL compression occurs in over 
75 percent of normal term pregnancies, 
and 10 to 15 percent develop supine hypo- 
tensive syndrome.! Kennedy and associates? 
reported a 17.7 percent incidence of hypo- 
tension in normal vaginal deliveries under 
low spinal anesthesia. Left uterine displace- 
ment was effective in restoring blood pres- 
sure (BP) in 93.4 percent of these patients. 


Eckstein and Marx? reported that eleva- 
tion of the hip was more effective than 
mechanical displacement of the uterus in 
alleviating aortocaval compression. Evident- 
ly a large intra-abdominal mass can cause 
supine hypotensive syndrome similar to 
that caused by the near-term pregnant 
e uterus. 

e 


REPORT OF A CASE 


A 24-year-old obese woman, 156 cm in 
height and weighing 104 kg, was admitted 
with intrauterine pregnancy of 16 weeks 
gestation and an intra-abdominal mass. She 
had gained about 14 kg during her preg- 
nancy and reported having had occasional 
cramping in hips and thighs, low back pain, 
episodes of coughing, and dyspnea upon 
minimal exertion. She denied the occurrence 
of dependent edema, varicosities, dizziness, 
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lateral tilt and by releasing intra-abdominal 
pressure. Following decompression of the vena 
cava, arterial and central venous pressure rose 
and remained at a high level. Urine output 
was poor until IV furosemide was administered. 


or lightheadedness at any time during her 
pregnancy. 


Preoperative laboratory data included: 
hemoglobin, 10.7 gm/100 ml; hematocrit, 
32.9 percent, Na’ 134; K* 3.8; CI- 103; and 
CO, , 21 mEq/L. Chest x-ray and ECG 
were within normal limits. Sonography sug- 
gested a twin pregnancy and a large ovarian 
cyst extending into the upper abdominal 
cavity, measuring 17 x 15 x 15 cm. Despite 
16 weeks gestation by history, the patient 
appeared as a full-term parturient, due to 
obesity and the intra-abdominal mass. 


The patient was premedicated with 10 mg 
of diazepam and 0.5 mg of atropine, IM. 
Preoperative BP was 120/75, with a heart 
rate of 80/min. She was placed in low lith- 
otomy position, 250 mg of thiopental and 80 
mg of succinylcholine were administered, 
intubation was performed, and N.O-O, 
(3.5:1.5) was started, with intermittent 
positive-pressure ventilation (IPPV). Fol- 
lowing induction, her BP dropped to 60/40 
and her heart rate rose to 120/minute. In 
spite of the hypotension, an additional dose 
of 75 mg of thiopental and 4 mg of pan- 
curonium were administered to alleviate 
straining and coughing. The hypotension 
and tachycardia did not respond either to 
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increased fluid administration (1000 ml in 
40 min) or to IV administration of 0.2 mg 
of phenylephrine given in 2 divided doses. 


At this time, supine hypotensive syn- 
drome was suspected, and the operating 
table was tilted to the left approximately 30 
degrees. During the next 5 minutes, BP 
gradually rose to 110/50; heart rate re- 
mained elevated at 110/min. In an effort 
to determine if the hypotension was caused 
by vena caval compression, we restored the 
patient to the level position; this resulted in 
a BP drop to 80/60. As left lateral tilt was 
again resumed, the BP rose to 110/75 and 
remained stable until the peritoneum was 
opened, at which time her CVP was 3.5 cm 
H,O. 


The operation began 40 minutes after in- 
duction, with the patient in the left lateral 
tilt and low lithotomy position. She received 
1000 ml of 5 percent dextrose in lactated 
Ringer’s solution; during the same period, 
urine output was only 50 ml. Upon com- 
plete release of vena caval compression by 
opening the peritoneum, the BP and CVP 
rose to 150/90 and 17 cm Н.О, respectively, 
and heart rate fell to 100/min. The lateral 
tilt was removed without a change in either 
BP or heart rate. 


In addition to a 16-week pregnant uterus, 
2 large ovarian masses were found. The 
larger was a serous cystadenoma from the 
left ovary, measuring 15 x 20 x 20 cm; the 
smaller was a multilocular teratoma from 
the right ovary, measuring 10 x 10 x 12 cm. 
The left ovarian cyst was pushed into the 
upper abdominal cavity by the firm right 
ovarian teratoma and the pregnant uterus, 
and filled the entire epigastrium and upper 
abdominal cavity. Approximately 1500 ml 
of serous fluid was aspirated from the cysta- 
denoma. Thereafter, BP and CVP stabilized 
at 140/90 and 14 cm H,O, respectively. 


Because of her high CVP and relatively 
poor urine output (175 ml for the 2-hour 
period, during which 1800 ml of fluid was 
given), 20 mg of furosemide was adminis- 
tered IV. 'This increased urine output from 
175 to 1400 ml and decreased CVP to 7 cm 
H,O, reduced BP from 140/90 to 110/60, 
and heart rate from 100 to 90/min within 
an hour. 


The operation lasted 2.5 hours. Estimated 
blood loss was 1000 ml, replaced by the 
same amount of whole blood. Total fluid 
input was 2000 ml of 5 percent dextrose in 
lactated Ringer’s solution. Anesthesia was 
maintained throughout with N.O-O., sup- 
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plemented with fractional doses of IV pan- 
curonium (11 mg total dose) and fentanyl 
(0.3 mg total dose). The patient awoke in 
the operating room and the postoperative 
course was uneventful. 


DISCUSSION 


The clinical manifestations of vena caval 
compression by a pregnant uterus depend 
upon the degree of obstruction and the pa- 
tient’s ability to compensate. The mild de- 
crease in venous return can be compensated 
by peripheral vasoconstriction and tachy- 
cardia without significant BP change. When 
these mechanisms become inadequate, su- 
pine hypotensive syndrome may develop, 
occasionally associated with bradycardia.‘ 
Compensatory mechanisms may be dis- 
turbed by either general or regional anes- 
thesia. 


In our patient, moderate vena caval com- 
pression by the intra-abdominal masses was 
well compensated preoperatively without 
significant clinical manifestations. However, 
when the intra-abdominal pressure was 
acutely raised by the tightening of the ab- 
dominal and thoracic muscles in the pres- 
ence of inadequate muscle relaxation during 
induction of anesthesia, and venous return 
was impeded by IPPV, vena caval compres- 
sion was acutely augmented. This impeded 
venous return beyond the patient’s compen- 
satory ability and was manifested as severe 
hypotension. 


Rubinson and colleagues? demonstrated 
the marked narrowing of the inferior vena 
cava in dogs without significant change in 
arterial pressure when an inferior vena 


caval pressure gradient of 28 torr across the x 


diaphragm was created by acute increase in 
intra-abdominal pressure. Further increase 
in intra-abdominal pressure to 35 to 40 torr 
resulted in a significant fall in arterial pres- 
sure. Lee" reported a patient who developed 
acute hypotension during laparoscopy when 
the intra-abdominal pressure reached 40 
torr due to intraperitoneal CO, insufflation; 
BP returned to preoperative levels upon 
releasing intra-abdominal pressure. 


When hypotension developed in our pa- 
tient, fluid and vasopressor administration 
were not effective. Considering the overdis- 
tended abdomen and hypotension unrespon- 
sive to conventional therapy, we suspected 
the supine hypotensive syndrome. Left la- 
teral tilt, with subsequent release of the 
intra-abdominal pressure upon opening the 
peritoneum, were effective in restoring blood 
pressure. 


alt i 
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Epstein and Panter? described a patient 
in whom the arterial pressure and CVP rose 
following evacuation of a giant ovarian cyst, 
attributing the rise in BP and CVP to re- 
tained fluid distal to vena caval compression 
thrown into the systemic circulation. The 
initial BP and CVP elevations in our pa- 
tient could be explained by a similar mech- 
anism, but these pressures stayed high with 
relatively poor urine output. Furosemide de- 
creased both and resulted in profuse diure- 
sis. This suggested that decreased renal ex- 
cretion of water, commonly associated with 
vena caval compression, was not of post- 
renal origin. If postrenal obstruction was a 
causative factor, removal of the obstruction 
should increase urine output, as did rising 
BP. 


Davis and colleagues? reported that when 
acute constriction of the proximal abdomi- 
nal vena cava creates a sustained high ve- 
nous pressure distally, aldosterone secretion 
is progressively elevated. Also, a smaller 
intra-arteriolar volume in the afferent arte- 
riole of glomerulus stimulates the renin re- 
lease.? In normal pregnancy, plasma renin 
activity and aldosterone concentration are 
іпсгеаѕеа.!° The sodium-conserving effect 
appears about an hour after the IV adminis- 
tration of aldosterone.!! 


'The time between induction of anesthesia 
to the opening of the peritoneum was about 
an hour. During that period, significant 
vena caval compression may have stimulated 
aldosterone and renin secretion, which had 
been increased by pregnancy. This could 
contribute to a sustained high CVP with 
relatively poor urine output. 
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TRIMETHAPHAN. The effect of trimethaphan produced hypotension (systolic blood 
pressure 60-65 torr) on blood glucose and serum potassium was measured in 10 patients. 
Anesthesia was with nitrous oxide-halothane and d-tubocurarine neuromuscular block- 
ade. Compared with normotensive patients, those receiving trimethaphan manifested 
an attenuated hyperglycemic response and a small but significant decrease of serum 
potassium. These responses are mostly likely due to trimethaphan’s ganglionic blocking 
properties. (Fahmy NR: Changes in serum potassium and blood glucose concentrations 
after trimethaphan administration in man. J Lab Clin Med 87 :999-1004, 1976) 
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Twelfth Annual Becton, Dickinson and Company 
Oscar Schwidetzky Memorial Lecture 
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WILLIAM K. HAMILTON, MD 


D: WiLLIAM K. HAMILTON, Professor 
and Chairman of the Department of 
Anesthesia, University of California, San 
Francisco, will deliver the 12th Annual 
Becton, Dickinson and Company Oscar 
Schwidetzky Memorial Lecture at the 51st 
Congress of the International Anesthesia 
Research Society, to be held at the Diplo- 
mat Resort and Country Club, Hollywood, 
Florida, March 6-10, 1977. 


Widely known and admired among anes- 
thesiologists, Bill Hamilton brings to our 
podium a unique blend of academic insight, 
clinical expertise, and personal common 
sense. 


He was born and educated in Iowa and 
advanced from Clinical Instructor in Anes- 
thesiology to Professor and Chairman of the 
Department of Anesthesiology at the Uni- 
versity of Iowa in Iowa City. After nine 
years in the latter post, he moved to San 
Francisco in 1967 to assume his present 
duties and his second departmental chair- 
manship. Under his capable direction, the 
University of California Department of An- 
esthesia has continued its evolution into 





*999999999999999999999 





one of the most prominent clinical, educa- 
tional, and research facilities in our spe- 
cialty. 


Included in Dr. Hamilton's busy schedule 
have been membership in many University 
of California School of Medicine commit- 
tees, as well as such national posts as Past* 
President of the American Board of Anes- 
thesiology, membership on the Liaison Com- 
mittee on Graduate Medical Education, 
membership on the Surgical Study Section 
A of the National Institutes of Health, and 
past presidencies of both the Association of 
University Anesthetists and the Society of 
Academic Anesthesia Chairmen. While this 
would completely preoccupy, if not over- 
whelm, most people, Bill Hamilton still 
finds time to participate in research and in 
daily clinical anesthesia. From such varied 
activities, he brings to his teaching efforts 
a blend of intellectual preparedness and 
clinical practicality that has won him re- 
spect from students and practitioners alike. 


At the 51st Congress of this Society, Dr. 
Hamilton's topic will be ‘Pharmacology, 
Pressures and People." 
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The Fifteenth Annual Baxter-Travenol Lecture 
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ARTHUR C. GUYTON, MD 


А or C. Guyton, M.D., Professor and 
Chairman of the Department of Physi- 
ology and Biophysics at the University of 
Mississippi, will present the Fifteenth An- 
nual Baxter-Travenol Lecture at the 51st 
Congress of the International Anesthesia 
Research Society, to be held at the Diplo- 

emat Resort and Country Club, Hollywood, 
Florida, March 6-10, 1977. 


Long a leader in the fields of physiology 
and biophysics, Dr. Guyton is particularly 
recognized for his unique ability to reduce 
complex issues to simple diagrams and 
statements. His textbooks, embodying this 
attribute, have become major instructional 
assets to countless classes of students of 
various disciplines. 


Dr. Guyton qualifies strongly as a “home- 
town boy," as he was born, educated through 
college (top honors at each level), and has 
subsequently taught in Oxford, Mississippi. 
However, he received his M.D. degree at 
Harvard Medical School (honors there also) 
and was exposed to the discipline of sur- 
gery at both Massachusetts General Hos- 
pital, and, during World War II, at the 


National Naval Medical Center. Since 1948, 
he has held his present post at the Univer- 
sity of Mississippi Medical Center in Jack- 
son. 


A list of Arthur Guyton's awards, honors, 
and society offices reads like a roll call of 
available distinguished recognitions. Par- 
ticularly noteworthy are a Presidential Cita- 
tion (1956) for the development of aids for 
the handicapped; selection by the U.S. Jun- 
ior Chamber of Commerce as one of the 
Ten Outstanding Young Men in America 
(1951); the Ross McIntyre Award for con- 
tributions to Medical Teaching and Re- 
search (1972); the Teaching Award of the 
Association of Chairmen of Departments 
of Physiology (1975); named lectureships 
of various specialty societies; presidencies 
and chairmanships of societies and commit- 
tees; and editorial board activities on be- 
half of half a dozen scientific journals, in- 
cluding Circulation Research and the Amer- 
ican Journal of Physiology. 


The topic of Dr. Guyton’s presentation 
to the 51st Congress of this Society will be 
“A Composite Analysis of Cardiovascular 
Regulation.” 
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Richard George Barton Gilbert, 
M.B., B.S., F.R.C.P.(C) 


"Given a government with a big surplus 
and a big majority and a weak opposition, 
you would debauch a committee of arch- 
angels."—Sir John A. MacDonald, First 
Prime Minister of Canada. 


A oF the Manse, which instilled pa- 
tience, wit, and understanding, Dick 
Gilbert was educated at Haileybury Col- 
lege, England, and the University of Lon- 
don, graduating from St. Thomas’ Hospital 
in 1933. These were lean years, but Dick 
devoted his postgraduate studies to internal 
medicine, then to anesthetics, at the Post- 
graduate Medical School, Hammersmith, 
followed by private practice prior to the out- 
break of hostilities in Europe. 


He served with distinction in the Second 
World War as a specialist in anesthetics in 
England, Northwest Europe, and in the 
Burma campaign in the Far East, retiring 
with the rank of Lieutenant Colonel in 
1946. During these war years, he came in 
contact with the 3rd Canadian Division in 
Combined Operations, which influenced his 
decision to immigrate to Canada with his 
family in 1946. 


From 1948 to the present, Dick has been 
clearly identified with McGill University, in 
Montreal. He had the good fortune of com- 
ing under the tutelage of two of the pioneers 


in Canadian anesthesia—Dr. Wesley Bourne 
and Dr. Harold Griffith. At the same time, 
he came under the persuasive spell of the 
late Dr. Wilder Penfield, noted neurosur- 
geon and founder of the Montreal Neuro- 
logical Institute. From 1950, Dick devoted 
his energies to improving the science of neu- 
rological anesthesia, and from 1957 to 1970 
as chairman of the university department, 
fostering postgraduate education and re- 
search in the specialty through the McGill 
Diploma Program and the autonomous An- 
aesthesia Research Department. 


Dick has had the distinction of *serving 
both the Society of Anaesthetists of Quebec 
and the Canadian Anaesthetists Society as 
President, and for many years acted as a 
wise and fatherly examiner for the Royal 
College of Physicians and Surgeons of Cana- 
da as well as the Quebec College. Following 
a sabbatical year at Montpellier University, 
in France, in 1970, Dick has continued in 
his post of Professor of Anaesthesia at 
McGill. Charmismatic, always of good hu- 
mor, Dick has been a counsellor to many 
and a friend to all in time of need, both 
here and abroad. 


The Society is pleased to “Salute” Dick 
and his gracious wife, Eunice, and to wish 
them future health and happiness. 


"Every man is a volume, if you know 
how to read him."—Channing. 


"Үү 
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METHOD TO IDENTIFY A CERVICAL 
ESOPHAGEAL DIVERTICULUM 
DURING GENERAL ANESTHESIA 


То the Editor: 


Occasionally, the surgeon may have diffi- 
culty in identifying a small esophageal di- 
verticulum during an operation under gen- 
eral anesthesia with a cuffed endotracheal 
tube properly placed. A simple maneuver 
that we have found effective is to pass a 
nasal catheter into the oropharynx (figure) 
and, after closing the lips and nostrils, gen- 
tly introducing air. As the air pressure in- 
creases, the weak spot in the esophageal wall 
will distend and the diverticular sac can be 
seen as it expands into the operative field. 


Although the illustration shows the air 
being introduced from a large syringe, one 
of us (MJN) prefers to blow his expired 
air into the catheter, as the pressure can 
be better evaluated and the potential usable 
volume is large enough to maintain a steady, 
small air pressure in the oropharynx. 


It may be helpful to have the surgeon 
apply backward pressure on the cricoid car- 

tilage, compressing the esophagus (Sellick 
e 
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maneuver) against the body of the vertebrae 
before introducing the air. This is not neces- 
sary if the operation is performed under 
cervical plexus block, for then the patient 
can be asked to swallow, thus increasing the 
oropharyngeal pressure, which will cause 
the diverticular sac to distend. 


Morris J. Nicholson, MD 
Frederick S. McAlpine, MD 
Department of Anesthesiology 
Lahey Clinic Foundation 
Boston, Massachusetts 
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ACCURACY, BREVITY, CLARITY: 
THREE PRINCIPLES OF GOOD 
MEDICAL WRITING 


To the Editor: 


The article, “Righting the Wrongs of 
Writing: Copy Editors Speak Out," by 
Alexander and Wall,! contains some useful 
advice to authors, but one of the authors' 
final suggestions, “Write the way you talk," 
demands comment. This suggestion touches 
on a root cause of the low quality of medi- 
cal writing that you, Sir, have done so much 
to correct by publishing helpful contribu- 
tions concerning medical writing, such as 
Dr. Charles Roland's series, ‘Thoughts 
About Medical Writing"——and indeed the 
article by Alexander and Wall. 


Alexander and Wall advise authors to 
write the way they talk. This is fine—pro- 
vided authors talk well. But a fundamental 
reason why medical writing is frequently 
poor is precisely the fact that physicians 
write using words that they are comfortable 
with in communicating with their colleagues 
crally—and as a generalization, such words 
when printed lack effectiveness and interest. 
The corridor conversation and the grand 
rounds presentation are not a good basis for 
excellence in medical writing. 


Alexander and Wall, in recommending 


894 


that authors should write the way they talk, 
also say that "people don't usually talk in 
five-syllable words." I disagree, if physi- 
cian authors are included among such peo- 
ple. The trend in medical conversation or 
oral reporting is indeed toward use of poly- 
syllabic words. Thus, the result of a physi- 
cal examination may be said to be “поп- 
contributory” (6 syllables), and “hepato- 
splenomegaly" (8 syllables) may or may 
not be said to be “nonsignificant” (five). 
Again, a patient may require “hospitaliza- 
tion" (six) because of “cardiorespiratory” 
(eight) “decompensation” (five). It is 
therefore not at all surprising that so many 
manuscripts submitted to medical journals 
are replete with benumbing polysyllabic 
words. 


Good advice to authors is difficult to 
formulate, but Alexander and Wall have 
provided some helpful words of wisdom. It 
is more difficult to act on because writing 
is so personal and subjective an art. Writ- 
ing, too, requires discipline, time, and hard 
work; and, as an editor, I sympathize with 
the busy physician who has to write when 
this is not necessarily a priority. What the 
physician therefore requires is the general 
assurance and understanding that to write 
well means that, in the long term, manu- 
scripts take less time and effort to prepare 
—and may even be a pleasure to write. The 
physician author welcomes rules of thumb 
but to these must be added advice about the 
steps required in writing well. 


Medical writing should seek to achieve 
what writing of any type should provide: 
effective communication between author and 
reader. True, the technical content of medi- 
cal writing makes medical writing different 
from some other types of writing, but this 
should not deter the physician author; al- 
though great pains are required in order to 
select the right word so that the intended 
meaning is in fact conveyed, such care 
should come easily to anyone scientifically 
trained—and, in fact, such care is a plus 
because it makes for good rather than poor 
writing. With this in mind, one can offer 3 
principles of good medical writing: accu- 
racy, brevity, and clarity. 


The need for accuracy should not surprise 
anyone, for “truth” is essential to all scien- 
tific work; and the description of a medical 
technic or the instructions relating to the 
administration of a drug must be accurate. 


'The need for brevity also should not sur- 
prise, though editors frequently receive man- 
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uscripts that are excessively long. But the 
adage, "Half as long is twice as good," is 
a useful one, not only because readers prefer 
to read short rather than long articles, but 
also because to be brief means to use simple 
and direct language. By cutting through the 
tangled undergrowth of redundancy, circum- 
location, abstract terms, passive voice, and 
jargon, one avoids boring the reader and 
can set about interesting the reader instead. 


And clarity? 'There is no shortcut to this 
sine qua non of writing, and one can only 
realize that, if one is to be sure of conveying 
one's message so that it is received, one must 
be clear. Clear thinking, a logical approach 
to organization, choice of the right word, 
relation of sentences to each other and of 
paragraphs to each other—these are the 
keys to clarity, but to achieve clarity one 
must be motivated to write well. Rules, then, 
are most helpful but help is required in their 
application. 


How does one learn to write well? Recog- 
nition of the need to learn to improve one's 
skills is one step. A second step is motiva- 
tion to learn—to learn through reading 
about writing, through attending workshops 
on writing such as those organized by, for 
example, the American Medical Writers As- 
sociation, and through reading and study- 
ing the writing of good writers, particularly 
those who are known for their excellence of 
style. Only in this way can one become sen- 
sitized to what is good and what is poor. 
And the final step is to write, rewrite and 
write again, yet never to be completely sat- 
isfied. Writing well is an art that, like medi- 
cine, is a life-long one. 


Communication is important in medicine, e 
as it is in any field of social activitye Effec- 
tive communication demands good writing, 
and, because so much of medical writing is 
technical in content and deals with the 
well-being of patients, the need for good 
medical writing is paramount. Good medical 
writing is not simply a virtue having its 
own reward; it may be an urgent need, as a 
recent case report showed.? In this instance 
a patient died after the labeling on a vial of 
chloramphenicol was misinterpreted. I agree 
therefore that “Righting the Wrongs of 
Writing" is an important matter, but I 
would like to emphasize that it is even more 
important at times than most of us realize. 


David A. E. Shephard, MB, FRCP(C) 
Scientific Editor 

Canadian Medical Association Journal 
Ottawa, Ontario, Canada 
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WRITE TO INFORM, NOT TO IMPRESS 
То the Editor: 


I have been following the articles in Anes- 
thesia and Analgesia on how to improve 
medical writing and after much rumination 
of the subject, I feel it is a love's labor lost. 


Doctors write and speak the way they do 
with their consummate love for clichés and 
tautology because they can do nothing else. 
Nor do I think it is very important that they 
should. 


Somerset Maugham points out in one of 
his essays that the greatest writers like 
Tolstoy or Joseph Conrad never mastered 
the technical aspects of the art of writing 
and that they made errors in composition 
such as a sophomore would never make. 


We read the great writers not for their 
perfection of style or clarity of diction but 
for the stories they tell, the images they 
conjure up, for their philosophic asides, etc 
—not for their perfect grammar or composi- 
tion. 


Can it truly be claimed that if a new dis- 
covery tantamount to Jenner's vaccination 
were made, the world would not recognize 
or hasten to accept it because the discover- 

eer's account included a cliché or a tautologi- 
cal expression? I doubt it. 


Philip Eibel, MD 
Ellendale Medical Bldg 
Montreal, Quebec, Canada 
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USE OF MONITOR FOR KETAMINE 
IN RADIOTHERAPY 


То the Editor: 


In the description of their low-dose keta- 
mine technic for radiotherapy,! Amberg and 
Gordon do not mention their monitoring 
equipment. We found? that viewing the pa- 
tient through the observation port and 
closed-circuit television were inadequate 
and adapted conventional monitors to this 
special application. Perhaps the acceptance 
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of their technic might be hastened by using 
one of the several monitors of pulse and 
respiration mentioned in our paper. 


Alfred Feingold, MD 

Department of Anesthesiology 

University of Miami School of 
Medicine 

Miami, Florida 
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To the Editor: 


'Thank you for giving me an opportunity 
to reply to Dr. Feingold's letter. 


During the course of treatment, we ini- 
tially monitored the ECG via the observa- 
tion port. We also took blood pressures 
while in the treatment room. After several 
treatments, we simplified this down to radial 
pulse monitoring and close observation of 
respiratory movements. We felt that one of 
the great advantages of ketamine was the 
preservation of protective reflexes, especially 
with the low dosages we were using. The 
other problem with placing multiple moni- 
toring devices is the time factor. With low 
dosages and minimal pretreatment stress, 
placement of devices takes time away from 
treatment periods. With inhalation anesthe- 
sia, these monitoring devices are needed, 
but with low-dose ketamine, we feel they 
are not. 

H. Lawrence Amberg, MD 
Torrance, California 


WHAT ROUTE OF ADMINISTRATION 
FOR K^ SOLUTIONS? 


To the Editor: 


I cannot agree with Dr. Myron B. 
Lavers statement, “Potassium solutions 
must never be administered through a pe- 
ripheral IV," which appeared in your 
March-April, 1976, issue.! 


We all give potassium-containing solu- 
tions in peripheral veins every day (lactated 
Ringers, Normosol-R, Ionosol B, etc). It 


896 


ANESTHESIA AND ANALGESIA 


is true that solutions containing greater- 
than-physiologic concentrations of K' are 
most irritating to peripheral veins and must 
be given with care, but this does not pre- 
clude their being administered by this 
route. To insist, for instance, that a solution 
like Ionosol B (25/mEq L of K^) be given 
through a central venous line would be sub- 
mitting thousands of patients each day to 
the potential hazards of central venous cath- 
eterization. This would be a needless risk 
in most situations, and should remind us of 
the old caveat: primum non nocere. 


Gary L. Fanning, MD 
The McFarland Clinic 
Ames, Iowa 
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To the Editor: 


Dr. Fanning is quite right in his criticism 
of the wording in my comment. It is true 
that solutions containing higher-than-physi- 
ologic concentrations of K* (in fact as high 
as 80 mEq/L or 0.08 mEq/L) have been 
and are being given into “peripheral” veins 
without apparent difficulty. He also states 
that substantially higher-than-physiologic 
(ie >0.005 mEq/ml) can cause "irritation" 
of peripheral veins. 


However, what Dr. Fanning apparently 
has ignored is the fact that a number of 
patients, like the one in the query, may need 
substantial intravenous K* replacement be- 
fore or during operation without the benefit 
of additional free water or electrolytes. For 
example, if a patient were to require a total 
of 100 mEq/L K* supplement, then accord- 
ing to Dr. Fanning's formula, using Ionosol 
B, one would have to administer no less 
than 4L of water plus other electrolytes. I 
do not consider this sound medical practice. 


Careful reading of my answer to the ques- 
tion referred to will indicate that I suggested 
use of KCI, not *potassium-containing" solu- 
tions, for this purpose. What I did not state 
(and here Dr. Fanning is correct) is that 
these are concentrated solutions, mixed usu- 
ally at 40 or 80 mEq/ml of K* with 5 per- 
cent glucose in water, in which case the K* 
concentration is 0.16 or 0.24 mEq/ml of К“. 


Whether this latter technic is to be used 
in an open ward or confined to an ICU or 
operating room is a different matter. 'The 
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final decision must rest with the patient's 
physician. Acute changes in serum K^ do 
occur with great frequency in the course of 
major operations. The method described is 
the one I prefer if intraoperative K^ supple- 
ment is required. 


The limitations as to hourly dosage still 
apply: 0.2 to 0.25 mEq/kg/hr К” and, with- 
out exception, these concentrated solutions 
must be administered via a central venous 
line. It is also good practice to include a 
commercially available graduated cylinder 
in the system (eg, Metriset*) and fil it 
only with the hourly dose of the K*-contain- 
ing solution, to prevent infusion of excessive 
quantities of the ion. 


'The manner in which K* supplementation 
is provided varies enormously. 'The success 
of commercially premixed solutions contain- 
ing added K* suggests that in most cases it 
is an effective and safe mode of therapy. 
Unfortunately, there are situations in which 
this is convenient but not necessarily intel- 
ligent medicine. I wonder how Dr. Fanning 
would consider replacement in an elderly 
patient, in atrial fibrillation, on chronic digi- 
talis therapy and not dehydrated who, prior 
to emergency operation, is found to have a 
K‘ of 2.5 mEq/L? How many liters of Iono- 
sol B would it be safe to infuse peripherally 
to provide adequate K^ replacement before 
his primum non nocere dictum becomes 
questionable? 


Myron B. Laver, MD 
Department of Anaesthesia 
Massachusetts General Hospital 
Boston, Massachusetts 


To the Editor: 


Thank you for sending me a copy of Dr. 
Laver's reply to my letter. A few additional 
comments are in order. 


First of all, I did not state nor did I 
imply that Ionosol B should be used for the 
treatment of all K* deficiencies. I merely 
pointed to it as a fluid containing greater 
than physiologic concentrations of K* that is 
being given to thousands of patients every 
day via peripheral venous routes. Likewise, 
I did not state and did not mean to imply 
that all potassium-containing solutions 
should be given in peripheral veins. Obvi- 
ously, there are many indications for using 
quite concentrated solutions of К°, as point- 
ed out by Dr. Laver, and these, I would 
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agree, are more properly given through a 
central venous catheter. 


Gary L. Fanning, MD 
The McFarland Clinic 
Ames, Iowa 


HOW DO BENEFITS OF 
HEMODILUTION BALANCE О» 
REDUCTION? 


'To the Editor: 


The data from the recent paper by 
Gordon and associates,! regarding the ef- 
fects of hemodilution on hypotension during 
cardiopulmonary bypass raise a disturbing 
issue on which the authors did not comment 
in their discussion: How does one balance 
the reputed benefits of hemodilution against 
the very real reduction in O, delivery to 
the patient that hemodilution must entail? 
I realize that Dr. Gordon's group did not 
set out to address this issue, but the degree 
of hemodilution they employed in several 
of their patients was of a magnitude that 
requires some justification by these gentle- 
men. 


I have taken the information contained in 
table 2 of their article and rewritten it to 
express О„ delivery per minute to the pa- 
tient from the pump oxygenator (table). In 
making these calculations, I assumed that: 


TABLE 





Patient Oxygen delivery in ml/min 





1 370 ml/min 
e 2 176 
3 437 
4 443 
5 314 
6 407 
7 351 
8 462 
9 386 
10 425 
11 427 
12 241 
13 554 
14 333 
15 387 
16 353 
TT 595 
18 446 
19 425 
20 483 


————————————————————————————————————D 
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(1) hemoglobin (Hb) was fully saturated 
and had an O, binding capacity of 1.39 ml/ 
gm; (2) a hematocrit of 3 percent corres- 
ponded to an Hb value of 1 gm/100 ml; (3) 
a body surface area was 1.8 sq m for all 
patients; and (4) that dissolved O, amount- 
ed to 1 ml/100 ml of blood. 


Two patients would then have had a total 
O, delivery of less than 250 ml/min and 3 
others would have received between 250 and 
350 ml/min. Available О» is, of course, sig- 
nificantly less than this at 81° C. At this 
temperature, Hb is still 50 percent saturated 
at a PO, of 19 torr, and 25 percent saturated 
at 12 torr. Even assuming that O, require- 
ments were reduced by a third at 31? C and 
still further by the anesthetic agents em- 
ployed, it is unlikely that total O, consump- 
tion was much less than 150 ml/min. If the 
latter value is taken to be correct, patient 2 
would have a mixed venous saturation of 17 
percent and a mixed venous PO, of about 
10 torr. Patient 12 would have a mixed ve- 
nous saturation of 42 percent and a venous 
PO, of about 16 torr. The happy circum- 
stance that both these patients apparently 
survived what can only be described as a 
severe physiologic challenge does not alter 
the fact that they were subjected to the risk 
of dangerously low reserves of O, for the 
very marginal benefits of reduced blood 
utilization and greater ease of perfusion. 


Dr. Frank Gollan, in his discussion of this 
paper, concluded by noting that these pa- 
tients did much better than theoreticians 
would have predicted, and that experimen- 
tal and clinical evidence remain the guide- 
lines for future work. I am afraid that I 
must respectfully disagree. The mere fact 
that one can “get away" with a theoretically 
unsound procedure is not sufficient justifi- 
cation for its use unless risk/gain advan- 
tages clearly argue in its defense. 


Such is not the case here. Hemodilution 
to an Hb level of 4 gm/100 ml combined 
with only moderate hypothermia (30? C) 
and a perfusion level of 2.2 L/sq m repre- 
sents a dangerous technic, and I believe 
Drs. Gordon and Ravin should say so. 


Aaron F. Kopman, MD 

Department of Anesthesiology 

Long Island Jewish Hillside 
Medical Center 

New Hyde Park, New York 
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То the Editor: 


Dr. Gordon is in England, so I take the 
liberty of replying to the letter from Dr. 
Aaron Kopman in response to our article. 


We would like to emphasize that the data 
referred to in table 2 of our paper apply 
only to the period immediately after the 
start of bypass. These abnormally low he- 
matocrit values rapidly rose following a 
marked diuresis. It is also clear from table 1 
that no special effort was made to induce 
hemodilution in patients 2 and 12; their 
pump primes are similar to those of the 
other 18 patients. The low hematocrit values 
following onset are clearly suggestive of 
hypovolemia. The degree of hypothermia 
we employed decreases О„ need by approxi- 
mately 50 percent. Finally, we are only 
making observations and not recommending 
any technic. But Dr. Kopman's analysis 
does indicate the importance of monitoring 
hemoglobin content during perfusion. 


Mark B. Ravin, MD 

Department of Anesthesiology 

University of Kentucky 
Medical Center 

Lexington, Kentucky 


EFFECT OF Paco» ON О» 
CONSUMPTION DURING 
CARDIOPULMONARY BYPASS 


То the Editor: 


The recent paper by Patterson! on the 
effect of Paco, on O, consumption during 
cardiopulmonary bypass, while otherwise 
well conceived, is, I am afraid, marred by 
a serious error in methodology. 


In theory, the difference in O, content 
between arterial and mixed venous blood 
(A-Vpo,) can be calculated from measured 
Ро», Pco,, pH, and hemoglobin (Hb). In 
practice, the results so obtained are not 
reliable for the following reasons: 


The most serious problem with calculat- 
ing Hb saturation and hence O, content 
from blood-gas determinations is that very 
small errors in the measurement of blood O, 
tension become greatly magnified as one 
zoes along. If, for example, the Pvo, is 
reported as 37 torr when it is in fact 5 torr 
aigher, the calculated saturation will be 70 
oercent instead of 77 percent. Even assum- 
ng that arterial blood is fully saturated, this 
»torr error in the determination of mixed 
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venous O, tension will result in almost a 
25 percent error in the calculated A-Vpo.. 


Another potential source of trouble lies in 
assuming that the patient's O,:Hb dissoci- 
ation curve has a normal P;,. In the pres- 
ence of prior anemia or blood transfusion, 
for example, considerable shifts in P5, can 
and do occur. Even after corrections are 
made for temperature, pH, and base excess, 
the actual value of Р; , is subject to signifi- 
cant variation. An increase in Р,, of only 
2.5 torr is equivalent to a 10 percent in- 
crease in effective Po,. 


Finally, the O,-binding capacity of Hb 
may also vary by a considerable amount. 
While in theory, 1 gm of Hb carries 1.39 
ml of O when fully saturated, in practice 
this value is rarely achieved. DeVillota's 
group? found in normal subjects a mean 
value of 1.36 (range 1.33 to 1.41) for this 
parameter, while in heavy smokers the fig- 
ure was 1.3 (range 1.21 to 1.41). Obviously, 
any arbitrary figure selected is likely to be 
wrong much of the time unless carboxyhemo- 
globin is also measured and accounted for. 


If reliable values for А-Уро, are to be 
obtained, O, content must be either meas- 
ured volumetrically or calculated from meas- 
ured Hb saturation, if the former is not 
feasible. It is, therefore, unfortunate that, 
while the author's data on O, consumption 
may be accurate, it is difficult to put much 
faith in the figures reported. I would very 
much like to see this study repeated with 
more rigorous attention to the problems dis- 
cussed above. 


Aaron F. Kopman, MD 

Department of Anesthesiology 

Long Island Jewish-Hillside 
Medical Center " 

New Hyde Park, New York 
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То the Editor: 


Thank you for relaying Dr. Kopman's 
letter to me. 
In reply: 


In the preparation of the table of results, 
it was not obvious that there was a need to 
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tabulate all of the arterial and mixed ve- 
nous blood-gas values. Had this been done, 
it would have been apparent from the ten- 
sion decreases as CO, was added that an 
increased quantity of O. was being removed 
even though the total O.-carrying capacity 
may have been constantly impaired. 


Contributing to the belief that changes 
in Vo, were actually occurring were the find- 
ings that essentially the same results were 
obtained whether, from the initial state, 
CO, was added or subtracted; the fact that 
the trend of the changes was similar re- 
gardless of the absolute constant tempera- 
ture during the study; and also, though not 
a part of the study, when the same bypass 
occurred for long periods at 2 different tem- 
peratures, Vo, was markedly higher at the 
higher temperature. 


Dr. Kopman is correct in pointing out 
that in precisely deriving content from ten- 
sion, total O.-carrying capacity and Hb:O, 
affinity must be known. Dissatisfaction with 
the available methods of calibrating the co- 
oximeter (as well as the variability in the 
calculated factors, also mentioned in the 
last paragraph of the paper by DeVillota), 
precluded a systematic evaluation of car- 
boxyhemoglobin (COHb) in this study. 


However, the range of COHb values to be 
expected during our study conditions is in- 
dicated by a separate study, where we meas- 
ured COHb spectrophotometrically. Imme- 
diately prior to commencing bypass, patient 
COHb averaged less than 3 percent. Sam- 
pling the initial pump prime disclosed a 
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The illustration accompanying the Correspondence 
item entitled "Plastic-Covered Wire Stylet," which 
appeared on page 755 of the September-October issue 


was incorrect. The correct illustration is: 
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wide range of values, 2.2 to 6.5 percent. 
There was a progressive decline in COHb 
during bypass; at the end of 1 hour, the 
average value was <2 percent. 


Since actual volumetric measurements of 
O consumption on a minute-to-minute basis 
show a 6 to 10 percent coefficient of varia- 
tion around a mean steady-state value, it 
was considered that the assumptions made 
in this study contributed to a lesser per- 
centage of error in Vo. estimation than that 
inherent, in that the overall average value 
may differ from the discrete value of a par- 
ticular sampling period. More precise values 
for Vo, during bypass can be obtained by 
adapting the method of measuring Уо», 
which we are currently using in patients in 
situations where collection of all expired 
gas is feasible (with subsequent analysis of 
inspired and expired respiratory gases by 
mass spectrometry and minute-to-minute 
on-line computation of FEN;/FtiN;, RQ, and 
Vos); steady-state conditions are clearly 
designated, and the requirement of measur- 
ing P;, and the O.-carrying capacity of Hb 
is obviated. 


Thank you again for your continuing in- 
terest. From the large number of reprint 
requests, we believe that perhaps others will 
be stimulated to look more closely at some 
of the circulatory changes occurring during 
bypass. 


Richard W. Patterson, MD 
Department of Anesthesiology 
UCLA 

Los Angeles, California 
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CHOICE 





In each issue of the Journal an article of 
particular interest and value to anesthesi- 


Retrospectroscope . 


А rem LiNCOLN, on November 19, 
1863, delivered his Gettysburg Ad- 
dress, one of the most elegant, famous, and 
widely quoted of modern speeches. Deliv- 
ered on a Civil War battlefield, it was almost 
finished before the crowd became quiet. Few 
in the audience heard all or much of it. 
The Address contained only 272 words and, 
in print, was a single paragraph. 


As a schoolboy, I (and I suppose all 
school-children throughout America) mem- 
orized Lincoln's Address and recited it in 
the classroom. Never in my later scientific 
training, however, has anyone ever suggested 
that I memorize and recite a scientific arti- 
cle. I'm sure no candidate-article was as 
eloquent as Lincoln's Address, but some im- 
portant discoveries or concepts were pre- 
sented about as briefly. Here are a few; 
they include only complete accounts that 
stood alone and not abstracts that were en- 
larged upon later in a full article. 


Benjamin Franklin, foremost scientist in 
the American Colonies, communicated in a 
one-page letter (one paragraph, 342 words, 
excluding his salutation) the details and 
conclusions of his famous kite and key ex- 
periment by which he demonstrated for the 
first time the “sameness” of lightning and 
“electric matter’ stored in a Leyden jar 
(figure 1). 


Korotkoff, in 1905, wrote a single para- 
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ologists, which has been published else- 
where, will be presented. Primarily the ma- 
terial will contain fundamental basic infor- 
mation which has been presented by anes- 
thesiologists, physiologists, pharmacologists, 
and others and, on occasion, by commercial 
firms. In the last instance, these reprintings 
are not to be construed as an endorsement 
of the particular commercial firm or its 
product by Anesthesia and Analgesia—Cur- 
rent Researches. 


_, the Soul of Wit 


graph describing how he modified Riva- 
Rocci’s method to permit measurement of 
diastolic blood pressure and accurate record- 
ing of systolic pressure; his 1905 technic is 
essentially that used today. This paragraph 
is all that Korotkoff ever published on the 
subject (267 words in the English transla- 
tion): 


ON THE SUBJECT OF METHODS OF 
DETERMINING BLOOD PRESSURE 


(From the clinic of Prof. S. P. Fedorov) 
Dr. N. S. KOROTKOFF: 


On the basis of his observations, thise 
reporter has arrived at the cormclusion 
that a completely compressed artery in a 
normal condition does not produce any 
sound. Taking advantage of this situa- 
tion the reporter proposes the sound 
method for determining the blood pres- 
sure in humans. The sleeve [cuff] of 
Riva-Rocci is placed on the middle 1/3 of 
of the arm toward the shoulder. The pres- 
sure in the sleeve is raised quickly until 
it stops the circulation of the blood be- 
yond the sleeve. Thereupon, permitting 
the mercury manometer to drop, a child's 
stethoscope is used to listen to the artery 
directly beyond the sleeve. At first no 
audible sound is heard at all. As the 
mercury manometer falls to a certain 


Reprinted with permission from American Review of Respiratory Disease and the author. 
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Oct. 19, 1752. 

S frequent mention is made in the news papers 
A from Europe, of the fuccefs of the Philadelphia 

experiment for drawing the clectric fire from 
clouds by means of pointed rods of iron erected on high 
buildings, ©. it may be agreeable to inform the curious 
that the fame experiment has fucceeded in Phiiade/phia, 
though made in a different and more eafy manner, which 
is as follows : 

Make a {mall crofs of two light ftrips of cedar, the 
arms fo long as to reach to the four corners of a large 
thin filk handkerchief when extended ; tie the corners of 
the handkerchief to the extremities of the crofs, fo you 
have the body of a kite; which being properly accom- 
modated with a tail, loop, and ftring, will rife in the air, 
like thofe made of paper; but this being of filk is fitter 
to bear the wind and wet of a thunder guft without tear- 
ing. To the top of the upright ftick of the crofs is to 
be fixed a very fharp pointed wire, rifing a foot or more 
above the wood. To the end of the twine, next the 
hand, is to be ty'd a filk ribbon, and where the filk and 
twine join, a key may be faftened. This kite is to be 
raifed when a thunder guft appears to be coming on, and 
the perfon who holds the ftring muft ftand within a door, 
or window, or under fome cover, fo that the filk ribbon 
may not be wet; and care muft be taken that the twine 
does not touch the frame of the door or window. As 
foon as any of the thunder clouds come over the kite, the 
pointed wire will draw the eleétric fire from them, and 
the kite, with all the twine, will be electrified, and the 
loofe filaments of the twine will ftand out every way, and 
be attracted by an approaching finger. And when the rain 
has wet the kite and twine, fo that it can condu& the 
elc&tric fire freely, you will find it ftream out plentifully 
from the key on the approach of your knuckle. At this 
key the phial may be charged ; and from electric fire thus 
obtained, fpirits may be kindled, and all the other electric 
experiments be performed, which are ufually done by the 
help of a rubbed glafs globe or tube; and thereby the 
famenefs of the ele&ric matter with that of lightening 


completely demonftrated. е 


height the first short tones appear, the in other words, at the moment the sounds 


appearance of which indicates the passage 
of part of the pulse wave under the 
sleeve. Consequently, the manometer 
reading at which the first tones appear 
corresponds to the maximum pressure. 
With a further fall of the mercury in the 
manometer systolic pressure murmurs are 
heard which change again to a sound (sec- 
ondary). Finally, all sounds disappear. 
The time at which the sounds disappear 
indicates a free passage of the pulse wave; 


disappear, the minimum blood pressure 
in the artery exceeds the pressure of the 
sleeve. Consequently, the reading of the 
manometer at this time corresponds to 
the minimum blood pressure. Experiments 
on animals gave positive results. The 
first sound-tones appear (10-12 mm) 
sooner than the pulse, for the perception 
of which (т. art. radialis) the break- 
through of a greater part of the pulse 
wave is required. 
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Cooke and Barcroft, in 1913, recorded the 
first measurement of O, saturation of human 
arterial blood (four paragraphs, but only 
180 words). Although Hürter had performed 
arterial puncture in Germany a year earlier, 
Barcroft took advantage of the then-current 
clinical technic for transfusion (inserting a 
cannula into the donor's artery and running 
arterial blood directly into the recipient's 
vein) to obtain blood without exposure to 
air or contamination with anesthetic gases. 
A year later, Hustin in Belgium hit upon 
citrate as a safe anticoagulant and indirect 
transfusions of venous blood replaced the 
artery-to-vein technic. Widespread use of 
arterial puncture for diagnostic purposes or 
physiologic investigation didn’t surface until 
World War II. 


Adolph Fick (1870) wrote only two para- 
graphs on the measurement of cardiac out- 
put; in the first, he outlined his principle, 
and in the second, gave a sample calculation 
based on reasonable data: 


Herr Fick had a contribution on the 
measurement of the amount of blood 
ejected by the ventricle of the heart with 
each systole, a quantity the knowledge of 
which is certainly of great importance. 
Varying opinions have been expressed on 
this. While Thomas Young estimated the 
quantity at about 45 cc, most estimates in 
modern textbooks, supported by the views 
of Volkmann and Vierordt, run much 
higher, up to 180 ce. It is surprising that 
no one has arrived at the following pro- 
cedure by which this important value is 
available by direct determination, at least 
in animals. One measures how much oxy- 
gen an animal absorbs from the air in a 
given time, and how much CO, it gives 
off. One takes during this time a sample 
of arterial and a sample of venous blood; 
in both samples oxygen content and CO, 
content are measured. The difference of 
oxygen content gives the amount of oxy- 
gen each cubic centimeter of blood takes 
up in its passage through the lungs; and 
as one knows how much total oxygen has 
been taken up in given time, one can cal- 
culate how many cubic centimeters of 
blood have passed through the lungs in 
this time, or if one divides by the number 
of heartbeats during this time, how many 
cubic centimeters of blood are ejected with 
each beat. The corresponding calculation 
with CO, quantities gives a determination 
of the same value, which provides a con- 
trol for the other calculation. 


Since for the demonstration of this 
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method two gas pumps are needed, your 
reporter unfortunately is not in a position 
to communicate experimental data. He 
will only give, therefore, a calculation of 
blood flow in man according to this meth- 
od, based on more or less arbitrary data. 
According to the experiments of Scheffer 
in Ludwig's laboratory, dog's arterial 
blood contains 0.146 cc oxygen per cc 
(measured at 0? C and 1 atm pressure) ; 
1 ce of venous blood contains 0.0905 cc 
oxygen. Each cc of blood therefore takes 
up 0.0555 cc oxygen in its passage through 
the lungs. Let us assume the same in 
man. Assume, further that a man absorbs 
in 24 hours 833 grams of oxygen. This 
will occupy a space of 433,200 cc at 0° C 
and 1 atm pressure. According to this, 
5 cc of oxygen would be absorbed by the 
lungs of a man each second. In order to 
effect this absorption, 5/0.0555 cc of blood 
must perfuse the lungs per second, that is, 
90 cc. Assuming, finally, 7 systoles in 6 
seconds, each systole would then eject 
77 cc of blood. 


Note Fick’s statement that “It is surpris- 
ing that no one has arrived at the following 
procedure by which this important value is 
available by direct determination,” but he 
did no experiments because he had no “gas 
pumps" for measuring the O, or CO, con- 
tent of blood. The first experimental deter- 
mination based on his principle was report- 
ed 16 years later by Gréhant and Quinquaud 
(in a one-page paper) ; they reported meas- 
urements in 6 dogs. 


William Dock in 1929 adapted the then- 
new cathode ray oscillograph to monitor and 
to record ECG (229 words) ; the CRO moni- 
tor is now routine in all operating rooms and ® 
intensive care units and, as such, i$ quite 
familiar to avid TV viewers. 


Others who reported important discoveries 
in one page or less were the following: 


Faraday (1818), who reported that in- 
halation of ether vapor produced effects 
similar to those of nitrous oxide. 


O'Shaughnessy (1832), who discovered 
severe fluid and electrolyte disturbances in 
patients with cholera; within a year his work 
led to the first rational therapy of this 
scourge by Latta. 


Pasteur (1882), who recounted his suc- 
cessful vaccination of sheep against anthrax; 
100 percent of those not vaccinated died, 
while 100 percent of those vaccinated up to 
8 months previously lived. 


R 


Editor's Choice 


Hektoen (1907), who suggested that mix- 
ing blood of donor and recipient and exam- 
ining the mixture for agglutinated red blood 
cells could eliminate transfusion reactions. 


Carrel (1911), who described his technic 
of repeatedly passing tissue fragments cul- 
tured in vitro from an old to a fresh medium; 
this technic later became important in many 
fields, particularly in the culture of polio 
virus and preparation of polio vaccine. 


Guthrie (1919), who demonstrated that 
blood vessels do not survive as such when 
transplanted from one animal to another 
but do provide a scaffolding or bridge for 
ingrowth of new tissue derived from the 
host. 


Joliot and Curie (1934), who first an- 
nounced the transmutation of one element 
to another (the alchemist's dream). They 
changed boron, magnesium, and aluminum 
into radionitrogen, radiosilicon, and radio- 
phosphorus, respectively, and won a third 
Nobel Prize for the Curie family. 


Alvarez and Cornog (1939) , who first pro- 
duced tritium in the Berkeley cyclotron. 


Pattle (1955), who observed stable pul- 
monary edema foam and speculated that the 
surface tension of lung bubbles is zero. 


Lehmann (1946), who noted that patho- 
genic tubercle bacilli have an increased up- 
take of О, in the presence of salicylates and 
first used para-amino salicylic acid as a bac- 
teriostatic agent against tubercle bacilli. 


Somewhat more verbose were the follow- 
ing: 


e Hooke (1667), who required a page-and- 
a-half fo present proof that rhythmic move- 
ments of the lung were not necessary for life 
if the lungs were inflated by a stream of air 
(figure 2). Hooke missed the one-page-or- 
less category because he also included in his 
article a bit about artificial ventilation, a 
technic for continuous positive airway pres- 
sure (though scarcely applicable clinically 
because he pricked the outer layer of the 
lungs with the “slender point of a very sharp 
penknife" to maintain a continuous flow of 
air through the alveoli), proof that pulmo- 
nary blood flow without ventilation could 
not maintain life and a suggestion that extra- 
corporeal oxygenation of blood was feasible 
(really aeration, since there was no oxygen 
in 1667). 


Henry (1803), who required two pages to 
present his law relating partial pressure of 
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a gas in a liquid to the quantity dissolved 
in it. 

Von Behring and Kitasato (1890), who 
needed one-and-a-half pages to tell the med- 
ical world of immunization against diph- 


theria and tetanus; they were awarded the 
Nobel Prize in 1901 for this work. 


Curie, Curie, and Bémont (1898), who 
used two-and-a-half pages to announce the 
discovery of radium in pitchblende (another 
Nobel Prize-winning discovery). 


Hering (1924), who took two pages to 
describe the carotid sinus reflex. 


Bayliss and Miiller (1928) who needed 
two pages to describe and illustrate their 
rotary, roller pump, later known by a vari- 
ety of names, such as the DeBakey pump 
(three pages). 


Urey, Brickwedde, and Murphy (1932), 
who used one-and-a-half journal pages to 
announce the preparation of deuterium. 


Stanley (1935), who needed one-and-a- 
half pages to announce the isolation from 
infected tobacco plants of a crystalline pro- 
tein with the properties of tobacco-mosaic 
virus. 


Enders, Weller, and Robbins (1949), who 
expended one-and-three-quarter pages to 
present the cultivation of polio virus in 
human embryonic tissue, which led to the 
Nobel Prize for them and polio vaccine for 
all. 


Clements (1957), who took one-and-a- 
half pages to quantify the surface-tension 
lowering properties of pulmonary surfactant 
(“anti-atelectasis factor"). 


Some wrote very long articles that are 
known today largely for a single paragraph. 
Henry Head’s 70-page paper “On the regu- 
lation of respiration” (1889) is remembered 
mainly for one paragraph on page 13, in 
which he parenthetically described “Head’s 
paradoxical reflex.” And Christian Bohr’s 
33-page paper (1891) is remembered by 
most for his equation for respiratory dead 
space, stated in a few lines on page 248. 


It’s pretty hard nowadays to join this 
very select club of those who have written 
(and had published) a very short, important 
paper. You can try but I doubt that you'll 
succeed. Editorial boards resist accepting 
either long papers or very short papers (un- 
less the latter are carefully segregated in a 
special section, suggesting that they are 
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An Account 


of an Experiment made ly М.Ноок, of Preferving Animals alive 
by Blowing through their Lungs with Bellows, 


I Did heretofore give this J//sffriows Society an account of an Experiment 

1 formerly tryed of keeping a Dog alive after his Thorax was all difplay'd 
by the cutting away of the Kibs and Diaphragme , and after the Pericardinm 
of the Heart alfo was taken off. But divers perfons feeming to doubt of the 
certtinty of the Experiment (by reafon that fome Tryals of this matter,made 
by fome other hands, failed of fuccefs) 1 cans'd at Ше laft Meeting the fame 
Experiment to be fhewn in the prefence of this Noble Company, and that with 
the fume faccefs, as іс had been made by me at firft; the Dog being kept aliye 
by the Reciprocal blowing up of his Lungs with Bellowes, and they fuffered to 
fubfide, for the fpaceof an hour or more, after his Thoraa: had been fo dif- 
play'd, and his A/pera arteria cut off jut below the Epiglottis, and bound on 
upon the nofe of the Bellows. 

And becaufe fome Eminent Phyfitians had affirm'd, that the Action of tbe 
Lungs was neceflary to Life upon the account of promoting the Circulation of 
the Blood, and chat it was conceiv'd, the Animal would immediately Бе fuffc- 
cated as foon as the Lungs fhould ceafe to be moved, I did (the better to for- 
tifie my own Hypothefis of chis matter, and to be the better able to judge of 
feveral others ) make the following additional Experiment, viz. 

The Dog having been kepr alive, 'as! have now mentioned) for above an 
houre, in which time the Tryal had been often repeated, in fuffering the Dog 
to fall into Сото ое motions by ceafing го blow che Bellows, and permitting 
the ra to fublide and lye Rill, and of fuddeoly reviving himagain by re- 
newing rhe blaft, and confequently the motion of rhe Lungs: This, I fay, ha- 
ving been done, and the Judicious Spe:cors fully fatisfied of the reallity of the 
former Experiment, I c^ufed :nother pair of Bellowes to be immediately 
joyn'd to the Arlt, by a contrivarcey I had prepar'd, and pricking all the outer- 
«o. ehe Lungs with the Qender point of a very fhirp pen-knife, this fecond 


pair of Bellows was mov'd very quick , whereby the firft pair was alwayes 
kept full and alwayes blowing into the Lungs , by which meansthe Lungsalfo 
were alwayes kept very full, and without any motion; there being a continu- 
al blaft of Air forc'd into the Lung: by che firit pir of Веноз, fupplying itas 
faft, as it could find its way quite through the Coat of the Lungs by the fmall 
holes pricked in it, as was faid before, This being continued for a pretty while, 
the Dog, as I exfpected, lay fill, as before, his eyes being all the time very 
quick, and his Heart beating very regularly: But, upon ceafing this blaft, and 
fuffering the Lungs to falland lye (till, che Dogg would immediately fall into 
Dying convulfive fits; but be as (ооп reviv’d again by the renewing the fulnefs 
of his Lungs with the conttant blaft of frefh Air. 

Towards the latter end of this Experimenta piece of the Lungs was cut quite 
off; where ’twasobfervable, chat the Blood did freely circulate, and pafs tho- 
row the Lungs, not only when the Lungs were kept thus conftantly extended , 
but alfo when they were fuffer’d to fubfide and lye fill. Which feem to be 
Arguments, that as the bare Motion of the Lungs without freh Air contributes 
nothing to the life of the Animal, he being found to furvive as well, when they 
were not mov’d, as when they were; fo itwas notthe fubfiding or movelef- 
nefs of the Lungs, that was the immediate caufe of Death, or the {topping 
the Circulation of the Blood through the Lungs, but the wear of a fufficient 
Lupply of freh Air. 

I thall fhortly further try, whether the fuffering the Blood to circulate 
through a veffel, fo asit may be openly expofed to the frefh Air, will not fuf- 
face for the life of an Animal; and make' fome other Experiments, which, I 
hope, will throughly difcover the Genuine ufe of Refpiratión ; and afterwards 
confider of what benefit thus may be to M. nkinde. 


Editor's Choice 


grade B and not grade A contributions). I 
suspect that today some of those mentioned 
earlier in this article would have received 
letters from the editor such as these: 


Dear Dr. Korotkoff: 


'Thank you for permitting us to read your 
interesting manuscript. We regret that we 
cannot publish it in its present form. You 
may wish to resubmit it after you have (1) 
compared data obtained by your method 
with that obtained by the Riva-Rocci meth- 
od in a large number of subjects of different 
ages and different arm circumferences, (2) 
verified the accuracy of your method against 
direct measurements of systolic and diastolic 
arterial blood pressure in animals, and (3) 
done statistical analysis of the data. 


Sincerely, 
The Editors 


Dear Professor Fick: 


Thank you for sending us your interesting 
suggestion for measuring cardiac output. We 
regret that we do not publish ideas unsup- 
ported by data and are returning your paper 
forthwith. 


Sincerely, 
'The Editors 


Dear Dr. Hooke: 


We have read your communication en- 
titled “Preserving animals alive by blowing 
through their lungs with bellows." We note 
that you have been sending us a number of 
short communications, none of which has 
been suitable for publication. We suggest 
that you consider combining all of these 
einto one longer, more substantial manuscript 
that might contain enough new information 
to make it worthy of acceptance. 


Respectfully, 
The Editors 


JULIUS Н. Сомкоє, JR. 
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The Physician 
& The Law 





Informed Consent Suit Against Anesthesiologist 


А" court's decision іп favor of an 
anesthesiologist should be reversed 
because the court failed to instruct the jury 
on the anesthesiologist's duty to inform the 
patient of risks inherent in treatment, the 
Vermont Supreme Court ruled. The case 
was remanded for a new trial. 


The patient underwent surgery. Halo- 
thane was used as the general anesthetic. 
Later, the patient developed what was diag- 
nosed as halothane hepatitis. Claiming she 
had not been informed of the possibility of 
hepatitis when she consented to the sur- 
gery, she brought an action against the an- 
esthesiologist. A jury found in favor of the 
anesthesiologist, and the patient appealed. 


The Vermont Supreme Court said that 
the trial court's instruction to the jury was 
too restrictive. The jury had been instructed 
that the anesthesiologist must disclose risks 
to the patient according to prevailing medi- 
cal practice in the community. The supreme 
court stated that a physician must give a 
patient all information material to the deci- 
sion to undergo the proposed treatment. 
The standard by which materiality is meas- 
ured is the significance that a reasonable 
person would attach to the risks involved. 


The real dispute in the case involved 
whether there was such a condition as halo- 
thane hepatitis, the court said. Evidence was 


introduced to show that there was not, and 
consequently there was no duty to warn of 
it. The possibility of halothane sensitivity 
was also disputed. Medical testimony indi- 
cated that the patient's condition was prob- 
ably part of a postoperative depression due 
to the bilateral mastectomy plus a flare-up 
of her chronic colitis. 


An osteopath who examined her initially 
diagnosed her condition as having its source 
in her colitis and not her liver. He later 
changed his mind after reviewing medical 
literature and material on halothane. Al- 
though it was the first time he had ever 
made such a diagnosis, he concluded that® 
her condition was halothane hepatitis. Testi- 
mony indicated that the symptoms were 
non-specific and could have been caused by 
colitis or surgical trauma. 


The anesthesiologist testified that he had 
not informed the patient of the possibility 
of halothane hepatitis. Under Vermont case 
law, if a reasonable person would not have 
consented to the operation had he been 
informed of the risk of halothane hepatitis, 
then the anesthesiologist was negligent for 
not furnishing the information. 


The trial court’s judgment was reversed 
and the case remanded for a new trial.— 
Small v. Gifford Memorial Hospital, 349 
A.2d 703 (Vt.Sup.Ct., Nov. 24, 1975) 


Reprinted by permission from THE CITATION, published by the Law Division of the American Medical 


Association. 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 6, Nov.-Dec., 1976 


Answers 


We invite you to submit questions to the 
Editorial Office, Kahler East, Suite C, 
Rochester, Minnesota 55901. The names 
of those submitting questions will remain 
anonymous if so desired. 


The answers will be prepared by compe- 
tent authorities, and their names will or 
will not appear, according to their specific 
wishes. 


Ronald W. Dunbar, M.D. 
Contributing Editor 
Atlanta, Georgia 


QUESTION: My question concerns “bal- 
‘anced anesthesia,’ about the interpretation 
of which we are having differences of opin- 
ion in the Anesthesia Department. May I 
ask you to give the proper definition of this 
term? Also, which agents do you feel are 
usually combined during the use of this type 
of anesthesia (including different inhalation, 
as well as intravenous and intramuscular 
agents). 


The point in question here is whether two 
or more agents generally considered strong 
anesthetic agents each in its own right (such 
as enflurane, methoxyflurane, halothane, 
and/or ether) can be used simultaneously, 
mixed with NO and О», in low concentra- 
tions. Would this be considered, academi- 
cally speaking, an accepted procedure in 
giving “balanced anesthesia?” 


MD, Korea 
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ANSWER #1: The term, “balanced anes- 
thesia,” has no strict definition and thus has 
been used to describe many different drug 
combinations. Nevertheless, balanced anes- 
thesia most often denotes anesthetic main- 
tenance with N.O plus neuromuscular block- 
ers and supplementation with injectable but 
not with potent inhalation anesthetic drugs. 
The logic for considering a N.O-narcotic- 
barbiturate-relaxant combination a balanced 
anesthetic, while not applying the same 
label to anesthetic maintenance with N.O- 
halothane-relaxant, is not sound. Ideally, 
anesthetic drugs should be used in doses 
sufficient to produce desirable responses 
such as amnesia and analgesia, while neuro- 
muscular blockers provide appropriate skel- 
etal-muscle relaxation. Thus, neuromuscu- 
lar blockers are not used to cover inadequate 
doses of anesthetic drugs nor should exces- 
sive concentrations of depressant drugs be 
used in attempts to produce profound mus- 
cle relaxation. 


It would seem logical to abandon the term 
“balanced” to denote some undefinable an- 
esthetic technic or drug combination. In- 
stead, one should state the drugs used for 
anesthetic maintenance in each patient. 
True balanced anesthesia is the concept of 
drug use to obtain maximal beneficial ef- 
fects with minimal undesirable responses. 
Thus, anesthetic maintenance with appro- 
priate doses of either inhalation and/or in- 
jectable anesthetic agents, with or without 
neuromuscular blockers, represents balanced 
anesthesia. 

Robert K. Stoelting, MD 
Department of Anesthesia 
Indiana University School 
of Medicine 
Indianapolis, Indiana 


ANSWER #2: My experience and contacts 
in anesthesia for many years would indicate 
that rarely would the mixture of inhalation 
anesthesia agents, as suggested in the ques- 
tion, be what would come to the mind of 
most anesthesiologists as associated with the 
term “balanced anesthesia.” Certainly to 
give these agents together is an acceptable 
procedure, but as to whether reference to 
same as “balanced anesthesia" is usual and 
customary, I would have to say possibly 
such usage would create a false impression. 
I have been unable to decide from the litera- 
ture who first referred to "balanced anes- 
thesia," (possibly John Lundy) but the 
common use of the term was, and is, most 
often associated with thiopental, N.O, and 
a relaxant, either with or without a narcotic 
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added. Now many other drugs are used 
or added to the basic mixture. Any com- 
bination of drugs that in the hands of the 
individual administrator gives the desired 
anesthetic effect and does so in a physiologi- 
cally benign manner and permits restoration 
of the preanesthetic state rapidly is a “bal- 
anced anesthetic." While the last point of 
the questioner is unanswered by this, it can 
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be stated that the practice described is ac- 
ceptable and commonplace anywhere and 
may be called whatever seems appropriate 
to the anesthesiologist. 


Roy D. Wilson, MD 
Department of Anesthesiology 
Baylor College of Medicine 
Houston, Texas 


CONTINUOUS POSITIVE AIRWAY PRESSURE. The noninvasive use of continuous 


positive airway pressure (CPAP) avoids the hazards of tracheal intubation. Arterial 


blood gases were determined before and after CPAP in 14 patients in acute respiratery 
distress. Criteria for CPAP were an ability to follow commands, РаСО» <45 torr and 
PaO, <65 torr (ЕТО.> .6). The PaO, increased from a mean of 51 torr without CPAP to 
87 torr with CPAP. In 8 patients the increase in PaO» was adequate to permit continued 
CPAP while tracheal intubation was performed in the remaining 6. Changes іп PaCO; 
were variable but in one patient hypoventilation (PaCO. 69 torr) was significant. 
Complications of CPAP include increased work of breathing, potential aspiration and 


discomfort from the tight mask fit. 


These data suggest CPAP can be effectively 


delivered without endotracheal intubation in selected patients. (Greenbaum DM, Millen 
JE, Eross B et al: Continuous positive airway pressure without tracheal intubation in 
spontaneously breathing patients. Chest 69:615-620, 1976) 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 6, Nov.-Dkc., 1976 


Guest Reviewers 


Dr. J. Antonio Aldrete 


Dr. 


Martha Anderson 


Dr. Joseph P. Annis 
Dr. James F. Arens 


Dr. 
Dr. 
Dr. 
Dr. 
Dr. 


Dr 
Dr 


Dr. 


Dr 


Dr. 
Dr. 


Dr 


Dr 


Dr. 
Dr. 


Dr 


Dr. 


R. Dennis Bastron 
George E. Battit 
Donald W. Benson 
James W. Bland 

A. Jay Block 

E. Walter Bowie 

L. Donald Bridenbaugh 
L. H. Brubaker 
David L. Bruce 
John M. R. Bruner 
Stephen M. Brzica 
Thomas Burns 
Wilbur F. Cant 
Robert T. Capps 
Helmut F. Cascorbi 
Francoise M. T. Carney 
Harold Carron 
Donald Caton 

Ellis N. Cohen 
Jack R. Collins 
Julius H. Comroe 


Dr. Thomas H. Corbett 


Dr. 


Dr 


Guenter Corssen 
Mark B. Coventry 


Mr. H. E. Cramp 


Dr. 
Dr. 


Joseph Crehan 
Roy F. Cucchiara 


Dr. Jack Culligan 


Dr. 
Dr. 


. Francis J. Dannemiller 


Michael J. Deegan 
Ray Defalque 
Ronald G. Dennis 
Jay S. DeVore 


1976 


. Cosmo DiFazio 

. David Dines 

. W.H.L. Dornette 
. William Douglas 
. John B. Downs 

. Peter Dresel 


Dr. Ronald Dueck 


. John W. Dundee 

. Michael Dykes 

. Douglas W. Eastwood 
. Edmond I. Eger, II 
. John H. Eisele 

. Frederick Ernst 

. G. W. Facer 

. William T. Foulk 

. Wesley T. Frazier 

. Bruce Friedman 

. Ghaleb Ghani 

. A. H. Giesecke 

. M. Frederica Godshalk 
. Alan Goldberg 

. John Gooding 

. Hymie Gordon 

. Allan B. Gould 

. Harold R. Griffith 
. Gerald A. Gronert 

. R. L. Hall 

. W. D. Hammond 

. John D. Harries 

. William M. Hart 

. Jan D. Hasbrouck 

. Kenneth Haselby 


Dr. Terring W. Heironimus 
Dr. David J. Hentges 
Dr. Thomas Herrin 


Mr. Benjamin Hippe 
Dr. William S. Howland 


909 


910 


y 


ANESTHESIA AND ANALGESIA . . . Current Researches Vor. 55, No. 6, Nov.-Dec., 1976 


William J. Johnson 


. Francis J. Kazmier 

. Elmer F. Klein, Jr. 

. Frank Knox 

. Gopal Krishna 

. Noel Lawson 

. Paul F. Leonard 

. Harry Lowe 

. Fred V. Lucas 

. Peere Lund 

. Albert Maduska 

. Richard I. Mazze 

. William McConahey 
. E. Scott McCord 

. Pearl McNall 

. Robert G. Merin 

. Joseph M. Messick, Jr. 
. James A. Meyer 

. Ronald D. Miller 
. Jerome H. Modell 
. Daniel C. Moore 

. S. S. Moorthy 

. Sheila Muldoon 
Dr. 
Dr. 
. Gery O'Conner 


Lee Nauss 
Roger Neault 


. P. J. Osmundsen 

. Richard Palahniuk 

. A. William Paulson 
. John I. Per-Lee 

. Lawrence Perry 

. Daniel Philbin 

. Otto C. Phillips 

. Charles B. Pittinger 
. Karen Price 

. Charles W. Quimby 
. Kai Rehder 

. Charles Restall 

Dr. 
Dr. 


John C. Rieser 
George Roffkar 


Dr. 
Dr. 
. Randi Rosvoll 

. Edward E. Sammons 
. Robert R. Sawtell 

. Rick Schwettman 

. Gabriel F. Sciallis 

. Frank Sharbrough 

. Charles E. Short 

. Donald Silver 

. Carl A. Smith 

. Robert H. Smith 

. Robert M. Smith 

. John C. Snow 

. Wolfgang Spoerel 

. Michael d'Arcy Stanton-Hicks 
. Donald H. Stedman 
. David J. Steward 

. H. H. Stonnington 

. Y. F. Sung 

. Sait Tarhan 

. Howard Taswell 

. John H. Tinker 

. Daniel Traber 

. Charles Trey 

. УУ. A. Tweed 

. Patricia Underwood 
. Russell A. Van Dyke 
. Robert Virtue 

. John Wade 

. Leonard Walts 

. Josef Wang 

. Lyle Weed 

. Daniel Weidenthal 

. Roger D. White 

. Roger Wilson 

. Roy D. Wilson 

. Alon P. Winnie 

. Elémer Zsigmond 


y 


Duane Rorie 
William T. Ross 


ANESTHESIA AND ANALGESIA . . . Current Researches VoL. 55, No. 6, Nov.-Dkc., 1976 911 


Books Received 


—————————————————————————————— 


Title Author/Editor Publisher Pages Price 
АА 
Monographs іп Anaesthesiology Ronald L. Katz New York 401 $49.95 

Volume 3: Muscle Relaxants (Editor) American Elsevier 
Publishing Co. 
1975 


This book provides basic information for the rational use of muscle relaxants. 





The Anesthesiologist's Role Erie B. Furman Boston 231 
in Pediatric Acute Care ( Editor) Little, Brown and 
Company 
1975 


Problems of resuscitation, airway control, blood replacement and general supportive measures 
are more and more frequently becoming the responsibility of the anesthesiologist. This book pro- 
vides basic knowledge for such acute care of children. 





Physiological Basis of W. W. Mushin Padua, Italy 367 $20.00 
Anaesthesiology: Theory J.S.Severinghaus Piccin Medical Books 
and Practice M. Tiengo 1975 
S. Gorini 
(Editors) 


This interesting and informative book is a compilation of material presented at the First Inter- 
national Seminar by internationally recognized participants. 





Neurosurgical Anaesthesia A. R. Hunter Philadelphia 344 $35.00 
2nd Edition J. B. Lippincott 
Company 
1975 


The first edition of this book was informative and useful. This second edition has required 
almost a total revision to bring it up-to-date. 





. 
Self Assessment in A. W. Grogono Chicago 145 
Anesthesiology T. Hilary Howells Year Book Medical 
Publishers, Inc. 
1975 


This compilation of multiple-choice questions provides a useful adjunct for learning by the 
beginners as well as the more advanced student. Each question is supported by an answer. 





Basic Physics in Anesthesiology: L. Ivan Epstein Chicago 388 
A Programmed Approach Bernard A. Kuzava Year Book Medical 
Publishers, Inc. 
1976 


This book is written for the student with little or no prior knowledge of physics. Will be a useful 
source of information. 





Clinical Use of Drugs in Robert J. Anderson Springfield 251 $19.50 
Renal Failure John G. Charles C Thomas, 
Gambertoglio Publisher 


Robert W.Schrier 1975 


This book was written to assist physicians in taking care of patients with renal failure. The chap- 
ter on analgesic and soporific agents is important and useful. 
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Title Author/Editor Publisher Pages Price 
Fundamentos de Anestesiologia Guillermo Lopez Mexico City 320 
2a. edición Alonso La Prensa Medica 
Mexicana 
1976 


Printed in Spanish, this book should be of real interest and value to our Spanish speaking col- 
leagues. 





Biotransformation of Local Gianfranco Dal Boston 192 
Anesthetics, Adjuvants, and Santo (Editor) Little, Brown and 
Adjunct Agents Company 
1975 


Biotransformation and such related processes as distribution, elimination and protein binding of 
a number of agents are ably dealt with. Book warrants our attention. 





Sleep 1974: Instinct, P. Bevin New York 525 $76.50 
Neurophysiology, Endocrinology, W. P. Poella S. Karger AG 
Episodes, Dreams, Epilepsy (Editors) 1975 


and Intracranial Pathology 


This is a compilation of papers presented at the 2nd European Congress on Sleep Research held 
in Rome in 1974. To those interested in this particular subject, there are many hours of interest- 
ing reading. 





Principles of Sedation, Local and Sylvan Myron Springfield 371 $19.00 
General Anesthesia in Dentistry Elliot Shane Charles C Thomas, 
Publisher 
1975 


The author, a dentist, has very ably drawn upon his own experience to write this text for dental 
anesthetists. Warrants reading. 





Basic Problems in Burns R. Vrabec New York 224 $25.00 
Z. Konícková Avicenum, Czechoslovak 
J. Moserová Medical Press 
(Editors) 1975 


This volume comprises the reports presented at the Symposium on the Treatment of Burns held 
in Prague September 1973. Several chapters are devoted to anesthesia and analgesia and resusci- 
tation. 





Local Anesthetics: Mechanisms Benjamin G. Covino New York 173 $13.50 
of Action and Clinical Use Helen С. Vassallo Grune & Stratton 
1976 . 


An interesting and informative little text on local anesthetic agents, starting with the discovery 
and use of cocaine brought up-to-date. 





Tracheal Intubation Edward L. Philadelphia 97 $9.50 
Applebaum W. B. Saunders Company 
David L. Bruce 1976 


This well-presented monograph, with very good illustrations and line drawings, will be interest- 
ing and useful for all medical and paramedical personnel involved in airway maintenance. 





Anesthesia for the Alexander A. Birch Baltimore 187 
Uninterested John D. Tolmie University Park Press 
1976 


A concise, frequently amusing, nicely illustrated, evening’s reading. 





Clinical Pharmacology in R. A. Cawson New York 254 $13.50 
Dentistry R. G. Spector Churchill Livingstone 
1975 


Dental practitioners must have a basic knowledge of pharmacology to use drugs to the advan- 


tage and benefit of their patients. This book concisely provides useful information. 
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Author/Editor Publisher Pages Price 
1975 Year Book of Anesthesia James E. Eckenhoff Chicago 383 $18.50 
(Editor) Year Book Medical 
David L. Bruce Publishers, Inc. 


Edward A. Brunner 1975 
H. Steele Holley 
Harry W. Linde 
(Associate 
Editors) 


Another informative addition to a series. 





Anaesthesia for Eye, Ear, William F. K. New York 149 
Nose and Throat Surgery Morrow Churchill Livingstone 
James D. Morrison 1975 
(Editors) 


A small book containing much information. Will be particularly useful to students in training, 
but also will be helpful to more advanced consultants, both in our specialty and otorhinolaryn- 
gology. 





Anaesthesie und Reanimation Heinz Schoeppner Leipzig 316 
in der Kinderneurologie Rosemarie A. Dietze VEB georg Thieme 
Ursula Mielke 1975 


An interesting and informative presentation of a subject about which most of us know too little. 





Anesthesiology and the Nicholas M. Greene Philadelphia 174 $10.00 
University J. B. Lippincott 
Company 
1975 


An interesting and thought-provoking presentation by an outstanding author and anesthesiolo- 
gist. Warrants your time for reading. 





An Historical Account of Chauncey D. Leake Springfield 210 $12.50 
Pharmacology: To the Charles C. Thomas, 
Twentieth Century Publisher 
1975 


A very interesting personal historical dissertation on the development of our knowledge of drugs. 





Current*Topics in Critical W.C.Shoemaker New York 181 $36.00 
Care Medicine B. M. Travarese S. Karger, AG 
(Editors) 1976 


This little paperback presents the proceedings of the Third International Symposium on Critical 
Care. Timely and useful information. 





Intravenous Anaesthesia John W. Dundee Edinburgh 341 $28.50 
Gordon M. Wyant Churchill Livingstone 
1974 


An excellent comprehensive presentation of a special facet of our specialty. Much useful informa- 
tion. 





Pediatric Anesthesia Case John G. Adams Flushing, N.Y. 191 $10.00 
Studies Medical Examination 
Publishing Company, Inc. 
1976 


Twenty-nine case histories followed by questions based on information furnished, plus the correct 
answers, with appropriate references. Readers may not agree with all the answers. 
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Title Author/Editor Publisher Pages Price 
Self-Assessment of Current David L. Trickey Flushing, N.Y. 180 $10.00 
Knowledge in Anesthesiology Medical Examination 
Publishing Company, Inc. 
1976 


This volume comprises 1,142 multiple choice questions and answers referenced to current journal 
articles. An excellent guide for self-evaluation and continuing education. 





Respiratory Therapy in Hugh S. Mathewson Saint Louis 133 $6.50 
Critical Care The C. V. Mosby 
Company 
1976 


Material in this little volume really is oriented toward the needs of the respiratory therapist. 
This book contains much useful information. 





Development of Upper Respiratory James F. Bosma Washington, DC 219 $7.10 
Anatomy and Function: Jane Showacre US Government 
Implications for Sudden (Editors) Printing Office 
Infant Death Syndrome 1976 


This book followed a symposium on Sudden Infant Death Syndrome. Thirty authors have con- 
tributed much information, well illustrated, with each. chapter followed by appropriate references. 





Evaluations of Drug Interactions — Washington, DC 520 $12.50 
Second Edition American Pharmaceutical 
Association 
1976 


Several thousand potential drug interactions are evaluated and discussed in this second edition, 
which is designed for every-day use by all health care practitioners. A significantly expanded 
index affords the quick access to information on specific interactions. Trade names are in- 
cluded in the index and are referenced to the appropriate nonproprietary term. This is a 
valuable source for authoritative, practical and complete drug interaction information. 








Monographs in Anaesthesiology J. Alfred Lee New York 232 $29.95 
Vol. 5: Practical Regional Robert Bryce-Smith Excerpta Medica 
Analgesia (Editors) 1976 


This book provides a guide to well-tried and commonly employed local and regional anesthetic 
technics. 





The Human Larynx: A B. Raymond Fink New York 193 
Functional Study Raven Press 
1975 


е 
А nicely written, informative, well-illustrated book about an anatomic area about which most of 
us know too little. 





Anesthesia for Open-Heart Vieri Wiechman, Boston 271 
Surgery MD (Editor) Little, Brown and 
Company 
76 


The physiological and clinical problems, as well as the practical management of different types 
of patients are ably addressed by authors from leading cardiac centres in Europe. 
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A Guide for Authors 


Anesthesia and Analgesia . . . Current 
Researches invites manuscripts on subjects 
pertinent to the specialty of Anesthesia. 


Send manuscripts and illustrations in 
triplicate to: 


T. H. Seldon, MD, Editor 
Kahler East, Suite C 
Rochester, Minnesota 55901 


Four categories of reports will be consid- 
ered for publication. 


1. Original articles describing clinical or 
laboratory research. 


2. Brief Reports describing new anesthetic 
technics, equipment, clinical, or laboratory 
studies. 


3. Case Reports. 
4. Letters-to-the-Editor. 


EDITORIAL POLICIES 


Peer review.—All papers submitted are 
reviewed by selected referees with respect to 
validity, pertinence, completeness, and orig- 
inality. If accepted for publication, editor- 
ial revisions may be made to aid clarity and 
understanding. Edited copy will be sub- 
mitted to authors for approval before the 
paper goes to the printer. Pageproofs also 
will be submitted to the authors for final 
approval. Reprint order forms will accom- 
pany pageproofs. 


Cover letter.—A letter must accompany 
each manuscript, stating that the work has 
not been simultaneously submitted to an- 
other journal or previously published in part 
or whole. The name and address of the 
author to whom correspondence may be di- 
rected should be given. 


Legal and ethical considerations.—Infor- 
mation or illustrations which might permit 
identification of patients must not be used. 


Reports describing data from experiments 
performed on humans must contain a state- 
ment in the Methods section, when appro- 
priate, that written informed consent and/or 
institutional approval of the investigation 
has been obtained, and that procedures in- 
volving the use of animals was conducted so 
as to minimize discomfort. 


Excerpts from material published else- 
where must be accompanied by written per- 
mission from the author and publisher to 
reproduce the material. 


JOURNAL STYLE 


Format.—All portions of the manuscript 
should be typewritten and double-spaced, 
including lists of reference citations. Each 
component of the paper (title page, with 
authors' academic rank and addresses, In- 
troduction, Methods, Results, Discussion, 
References, Legends) should begin on a 
separate page. Original articles must be pre- 
ceded by an Abstract concisely describing 
the purpose, methods, results, and conclu- 
sions. Abstracts should not exceed 1 type- 
written page in length. Brief Reports and 
Case Reports do not require an Abstract, 
but a Summary at the end may be appro- 
priate. 


Original articles should be concise (not 
over 3000 words) and present new informa- 
tion pertinent to anesthesia. Preliminary re- 
ports or fragments of material that may bet- 
ter be included in a single, more detailed, 
report should not be submitted. Brief Re- 
ports describing new equipment or technics 
should present new advances, with advan- 
tages over the alternatives. Descriptions of 
new equipment must be sufficient to permit 
the reader to either construct or purchase 
the equipment. Case Reports should empha- 
size important clinical conditions or varia- 
tions in typical patient responses. Letters-to- 
the-Editor must be brief (250-500 words) 
and should offer constructive comments on 
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recently published articles or discuss areas 
of general interest to anesthesiologists. 


Measurement units.—The metric system 
should be used for all such data as length, 
mass, volume, and temperatures. 'Torr 
should be used in place of mm Hg for par- 
tial pressures. Authors are encouraged to 
adopt the International System of units 
( moles per liter rather than mg percent) for 
concentrations or amounts of substances. 
(See Padmore GRA, Nunn JF: SI Units 
in relation to anaesthesia. A review of the 
present position. Br J Anaesth 46:236-243, 
1974). 


Drug names.—Generic or chemical drug 
names are required. Brand names may be 
inserted in parentheses after the generic 
name, if pertinent. 


Abbreviations.—The first time an abbre- 
viation appears it should be preceded by the 
full word it represents. 


Respiratory symbols.—Symbols for re- 
spiratory physiology should be defined the 


first time used and should follow Pappen- 
heimer J et al: Standardization of defini- 
tions and symbols in respiratory physiology. 
Fed Proc 9:602-605, 1950. 


References. — References should corre- 
spond to Index Medicus style and should 
be listed in the same numerical order as 
they appear in the text. Reports that are 
not accessible to all readers or that have not 
undergone editorial review (abstracts, cor- 
respondence, or personal communications) 
should not be included in numerical listings 
but may be footnoted. 'They should include 
pertinent addresses as well as source and 
authors' names. 


Illustrations.—Drawings and photographs 
(unmounted glossy prints) should be num- 
bered in order of appearance in the manu- 
script and labeled on the back with the first 
author's name and indicate the top edge of 
the picture. 


Tables.— These should carry a title or 
caption and should supplement, not dupli- 
cate, the text. 
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Your job is complicated enough! You administer 
anesthesia, chart the patient's vital signs, monitor 
blood loss and blood gases, regulate the I.V., and 
much more. In short, you have plenty to do. 
Therefore, you may use an anesthesia ventilator 
to help maintain patient control. 


But adding on a ventilator can mean adding on 
distractions, especially if it requires control 
adjustments for parameters you may not even 
need. And, you can end up settling for a compli- 
cated ventilator arrangement that is inconvenient 
to use. 


So we developed the human-engineered 
FOREGGER 910 Anesthesia Ventilator. Human- 
engineered because it gives you just the ventila- 
tion control you need in a compact, convenient, 
uncomplicated package. And it's built-in. So it's 
accessible, but not in the way. 


Simple to operate. Simple to monitor. Simple to 
clean and maintain. And it's quiet. In addition, the 
910 Ventilator helps control OR pollution with an 
efficient gas collection system. 


For additional information contact your Air 
Products Representative, FOREGGER dealer, or 
write to Air Products and Chemicals, Inc., 
Customer Service Department, 

Box 538 M, Allentown, Pa. 18105. 


Simple to Monitor because built-in, easy-to- 
read gauges show Breaths Per Minute, Tidal 
Volume and Inspiratory Flow ata glance, without 
clock-watching or computing. And the ventilator 
control panel is positioned to give you clear 
visibility and direct control from a comfortable 
working position. 


1. Simple to Operate because it's built-in and 
requires only five simple steps to initiate and con- 
trol ventilation. Switches from ''bag"' to ventilator 
at a touch. 


2. Simple to Clean and Maintain because the 
bellows and bellows dome container can be 
easily removed for cleaning, sterilizing and drying 
purposes. And fluidic circuitry minimizes 
maintenance. 


3. Helps to Minimize OR Pollution because 
excess gas is automatically vented into a built-in 
gas evacuator. 
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NARCOTIC 

ANESTHESIA E 
* Despite many advantages, the 

use of opioids to supplement 

nitrous oxide anesthesia may 

be associated with significant 

postoperative depression 


NARCAN® 
(naloxone НСІ) 

e Narcan® in sufficient doses will 
antagonize opioid effects, 
including all degrees of 
respiratory depression and 
analgesia. 


• The degree of narcotic 
antagonism exhibited by 
NARCANV" is dose dependent. 


A recent study of surgical 
patients receiving narcotic- 
nitrous oxide anesthesia was 
undertaken to determine 
whether careful titration of 
naloxone would reverse post- 
operative narcotic depression 
and maintain a subjective 
level of analgesia. 


THE OBJECTIVES: 


e Restore consciousness 


e Reverse narcotic-induced 
respiratory depression as 4 
evidenced by PaCO; 


e Maintain subjective analgesia 


THE METHOD: 

e 12 unpremedicated patients 
received INNOVAR® (fentanyl/ 
droperidol) 5-10 ml I.V. fol- 
lowed by thiopental for induc- 
tion. Anesthesia was 
maintained with N20-O». 
Increments of 0.1 mg fentanyl 
were given I.V. every 10 
minutes during surgery. 

Following the procedure. 
naloxone (0.1 mg/ml) was 
given in 0.1 mg I. V. increments } 
at 1 minute intervals until the 
patient was awake, lucid and 
had adequate tidal and minute 





eisterkamp DV, Cohen PJ: Anesth Analg (Cleve) 53 12-18, Jan-Feb 1974 


3CAN® is an Endo registered U S trademark, U S Pat 3.254.088 volumes. Additional naloxone 
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was given I. V. as needed in the 
first 6 patients; a second 
group of 6 patients received 
supplemental naloxone I.M. 
30 minutes after the initial 

| V. dose 


11 patients received 10 mg 
morphine |.M., as well as seco- 
barbital and atropine, 1% hours 
preoperatively. Anesthesia was 
induced by 30 mg morphine 
given slowly I. V. followed by 
thiopental and was maintained 
by N20-0». Additional morphine 
was given in divided incre- 
ments to total 1 mg/kg in the 
first hour. Further morphine 
was given as needed. For 

initial narcotic reversal. 
naloxone was given as above 
except at 2 minute intervals. 
Supplemental naloxone was 
given І.М. 30 minutes later 


THE RESULTS 
(fentanyl group): 

When fentanyl was used as the 
sole narcotic supplement 
during anesthesia, an I.M. dose 
of naloxone equal to half the 

| V. reversal dose and given % 
hour later provided adequate 
narcotic reversal. 


ARTERIAL CARBON DIOXIDE TENSIONS 
MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 

NALOXONE TO ANTAGONIZE FENTANYL 

55 


50 


: dac 
2 
Contro 30 60 90 x 150 180 


TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


5 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR) 
А 5 


Fig. 1. Control and postoperative PaCO: in 6 patients 
receiving | V and | M. naloxone following fentany! 


THE RESULTS 
(morphine group): 

e “After other narcotics, such as 
morphine, an I. M. dose of 
naloxone equal to the I. V. dose 
appears appropriate.’ 


ARTERIAL CARBON DIOXIDE TENSIONS 
(MEANS + SE) OF PATIENTS RECEIVING 
INTRAVENOUS AND INTRAMUSCULAR 
NALOXONE TO ANTAGONIZE MORPHINE 


ARTERIAL CARBON DIOXIDE 
TENSION (TORR 
è 


Control Ж & ) 
TIME (MINUTES) FROM INTRAVENOUS 
ADMINISTRATION OF NALOXONE 


PaCO» in 11 patients 
lowing morphine 


Fig. 2. Control and postoperative 
receiving | V and I.M naloxone f 


THE CONCLUSIONS: 


"Naloxone provides fast, 
potent, and reliable antagonism 
to narcotic-induced respiratory 
depression: 


'By careful titration, this antag- 
onism can be achieved while 
acceptable analgesia is 
maintained: 





"Both morphine and fentanyl 
groups had adequate anal- 

gesia, with only 2 patients [ of 
total 21] requiring pain medi- 
cation in the recovery room.’ 
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e reverses all degrees of 
narcotic-induced respiratory 
depression 


e does not cause narcotic-like 
effects 


* does not augment non- 
narcotic depression 


e acts rapidly —generally withi 
2 minutes following І.У. use 
and slightly less rapidly whe! 
given I.M. 


* does not lead to tolerance 


* does not produce psychoto- 
mimetic effects or pupillary 
constriction 


* can be repeated if initial dost 
doesn't produce desired 
degree of narcotic reversal 
and improvement in respira- 
tory function 


• following satisfactory re- 
sponse patient should be 
observed closely and given 
repeat doses, if necessary, 
since the duration of action c 
some narcotics may exceed 
that of NARCAN® 


Please see next page for com: 
plete prescribing information. 


€ndo Laboratories, Inc 


Subsidiary of E.I. du Pont de Nemours & Co. (In 
Garden City, N.Y. 11530 


-restored consciousness 

-reversed narcotic-induced 
respiratory depression 

-maintained subjective analgesia 
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can reverse narcotic-induced respiratory depression 
while maintaining subjective analgesia ' 





NARCAN 





(naloxone HCI) 


DESCRIPTION МАКСАМ" (naloxone hydrochloride), a narcotic antagonist, is a synthe 
of oxymorphone. In structure it differs from oxymorphone in that the methyl group о 
atom is replaced by an allyl group 


congener 


le nitrogen 





CH; CH=CH; 
N 


HO о о 


NALOXONE HYDROCHLORIDE 
(N-allyl-nor-oxymorphone НСІ) 


Naloxone hydrochloride occurs as Slightly off-white crystals, and is soluble in water, slightly solu 
ble in alcohol and practically insoluble in ether 

МАКСАМ" (naloxone hydrochloride) Injection is available in two concentrations, 0.02 gand 04 
mg of naloxone hydrochloride per ті. Each ml of either strength contains 8.6 mg of 
ride; and 2.0 mg of methylparaben and propylparaben as preservatives in a ratio 
adjusted with hydrochloric acid 

ACTIONS NARCAN* (naloxone hydrochloride) is an essentially pure narcotic antagonist, ге, it 
does not possess the agonistic" or morphine-like properties characteristic of other narcot 
antagonists; NARCAN* (naloxone hydrochloride) does not produce respiratory depres psyche 
tomimetic effects or pupillary constriction. In the absence of narcotics or agonistic effects of 
other narcotic antagonists it exhibits essentially no pharmacologic activity 

In the presence of physical dependence on narcotics NARCAN* (naloxone hydrochloride) wil 
produce withdrawal symptoms; it has not been shown to produce tolerance nor to cause physica 
or psychological dependence 

When МАКСАМ" (naloxone hydrochloride) is administered intravenously the onset of action 15 gen 
erally apparent within two minutes: the onset of action is only slightly less rapid when it 
administered subcutaneously or intramuscularly. The duration of action is dependent 
dose and route of administration of NARCAN" (naloxone hydrochloride). Intramuscula 
tration produces a more prolonged effect than intravenous administration. The require 
repeat doses of NARCAN* (naloxone hydrochloride), however. will also be dependent u 
amount, type and route of administration of the narcotic being antagonized 


INDICATIONS NARCAN" (naloxone hydrochloride) is indicated for the complete or partial reversal 

















of narcotic depression including respiratory depression, induced by natural and Synthetic narcot 
ics, propoxyphene and the narcotic antagonist analgesic pentazocine 

NARCAN* (naloxone hydrochloride) is also indicated for the diagnosis of suspected acute opiate 
overdosage 


CONTRAINDICATIONS NARCAN* (naloxone hydrochloride) is contraindicated in patients known t 
be hypersensitive to it 

WARNINGS NARCAN" (naloxone hydrochloride) should be administered cautiously to 
including newborns of mothers who are known or suspected to be physically depen: г 
opioids. In such cases an abrupt and complete reversal of narcotic effects may precipitate an 
acute abstinence syndrome. 

The patient who has satisfactorily responded to МАКСАМ" (naloxone hydrochloride) should be kept 
under continued surveillance and repeated doses of NARCAN* (naloxone hydrochloride) should be 
administered, as necessary, since the duration of action of some narcotics may exceed that of 
NARCAN"* (naloxone hydrochloride) 

МАКСАМ“ (naloxone hydrochloride) is not effective against respiratory depression due to non 
opioid drugs 

Usage in Pregnancy Safe use of NARCAN" (naloxone hydrochloride) during pregnancy (other than 
labor) has not been established. Animal reproduction studies have not demonstrated Е 
ог other embryotoxic effects (See ANIMAL PHARMACOLOGY АМО TOXICOLOGY) However. NARCAN* 
(naloxone hydrochloride) should be administered to pregnant patients only when. in the judgment 
of the physician, the potential benefits outweigh the possible hazards 

PRECAUTIONS In addition to NARCAN* (naloxone hydrochloride), other resuscitative measures 
Such as maintenance of a free airway, artificial ventilation, cardiac massage, and vasopressor 
agents should be available and employed when necessary to counteract acute narcotic poisoning 


In an isolated report two patients with pre-existing ventricular irritability requiring lidocaine, and 

















either isoproterenol or epinephrine for hypotension following c ardiopulmonary bypass procedures 
developed ventricular tachycardia or fibrillation when given МАКСАМ" (naloxone hydrochloride) 
IV at 9 and 14 hours, fespectively, postoperatively for persistent unresponsiveness. Although a 
direct cause and effect relationship has not been established, NARCAN* (naloxone hydrochloride) 
should be used with caution in patients with cardiac irritability 

ADVERSE REACTIONS In rare instances nausea and vomiting have been reported in postoperative 
patients receiving МАКСАМ" (naloxone hydrochloride) in doses higher than that recommended; a 
cause and effect relationship has not been established 


DOSAGE AND ADMINISTRATION МАКСАМ" (naloxone hydrochloride) may be administered intraven 
ously, intramuscularly, or subcutaneously. The most rapid onset of action is achieved by 
intravenous administration and it is recommended in emergency situations 


Since the duration of action of some narcotics may exceed that of NARCAN* (naloxone hydrochlo 
ride) the patient should be kept under continued surveillance and repeated doses of NARCAN* 
(naloxone hydrochloride) should be administered, as necessary 


USAGE IN ADULTS Narcotic Overdose—Known or Suspected The usual initial adult dose is 0.4 
mg (1 ml) NARCAN* (naloxone hydrochloride) administered I.V., I.M. or S.C. If the desired degree 
! counteraction and improvement in respiratory function is not obtained immediately following 
| V. administration, it may be repeated intravenously at 2 to 3 minute intervals. Failure to obtain 
ignificant improvement after 2 or 3 doses Suggests that the condition may be due partly or com 

pletely to other disease processes or non-opioid drugs 


Post Operative Narcotic Depression For the partial reversal of narcotic depression following the 

use of narcotics during surgery, smaller doses of NARCAN (naloxone hydrochloride) are usually 

cient. The dose of NARCAN* (naloxone hydrochloride) should be titrated according to the 

s response. Excessive dosage of МАКСАМ" (naloxone hydrochloride) may result in signifi 
ant reversal of analgesia and increase in blood pressure. Similarly, too rapid reversal may 

induce nausea vomiting, sweating or tachycardia 

For the initial reversal of respiratory depression, МАКСАМ“ (naloxone hydrochloride) should be 

jected in increments of 0.1 to 0.2 mg intravenously at two to three minute intervals to the 

desired degree of reversal i.e., adequate ventilation and alertness without significant pain or dis 
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Repeat doses of NARCAN™ (naloxone hydrochloride) may be required within one to two hour inter 
vals depending upon the amount, type (i.e., short or long acting) and time interval since last 
administration of narcotic, Supplemental intramuscular doses have been shown to produce a 
longer lasting effect 

USAGE IN CHILDREN Narcotic Overdose —Known or Suspected The usual initial child dose is 
001 mg kg body weight given I.V.. LM. or S.C. This dose may be repeated in accordance with the 
adult administration guideline. If necessary, NARCAN* (naloxone hydrochloride) can be diluteg 
with sterile water for injection 

USAGE IN NEONATES Narcotic-induced depression The usual initial dose is (f0] mg kg body 
weight administered I.V., M. or SC. This dose may be repeated in accordance with adult 
administration guidelines 

HOW SUPPLIED 0.4 те ml of МАКСАМ" (naloxone hydrochloride) for intravenous, intramuscular 
and subcutaneous administration 

Available in ] ml ampuls in boxe 
0.02 mg. ml of МАКСАМ" (naloxone hydrochloride) NEONATAL INJECTION for intravenous, intra 
muscular and subcutaneous administration 

Available in 2 ml ampuls in boxes of 10 and 100 ampuls 

ANIMAL PHARMACOLOGY AND TOXICOLOGY In the mouse and rat the intravenous LDso is 150 +5 
mg kg and 109 +4 mg/kg respectively. In acute subcutaneous loxicity studies in newborn rats 
the LDso (95% CL) is 260 (228-296) mg. kg. Subcutaneous injection of 100 mg/kg/day in rats for 
3 weeks produced only transient salivation and partial ptosis following injections; no toxic effects 
were seen at 10 mg/kg/day for 3 weeks 

Reproductive studies including fertility, general reproductive performance, embryotoxicity. tera- 
togenicity, and lactation did not show any abnormality in mice and rats at 10 mg kg day 
МАКСАМ“ (naloxone hydrochloride) Ampuls 

Stocked in Military Depot, NSN 6505-00-079-7867 


Endo Laboratories.Inc. 


Subsidiary of E.l. du Pont de Nemours & Co. (Inc.) 
Garden City, N.Y. 11530 
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JACKSON-REES MODIFICATION OF 
AYRE'S T-PIECE 


as used by leading children’s hospitals 


This Infant's Set can be used either as an Anaesthesia Open End 
Unit, or for Infant Resuscitation. There are no valves 

to go wrong, or cause added resistance. Dead space has 
been cutto an absolute minimum. Only seconds required 
to change from Mask to Intubation Setup. 


Standard 15mm and 7%” Mask Tapers 
330ES 


Gas Machine 
-— Fresh Gas 






620-15 Ê %, 330-159 
TO RECEIVE THE FOLLOWING LIST — 
z QUOTE NUMBER 330-15 HFSC 


1 of 330ES .75 It. R/B Bag c/w End Plug 

1 of 330-15L 15mm Bag Mount 

1 of 330-15D Corrugated tube 11” long c/w 15mm 
mounts 

1 of 330-15S 15mm Catheter Mount c/w fresh gas 
inlet 

1 of 3301 Fresh Gas Feed Tube 

1 of 620-15 Magill Oral 15mm Connector Size 4.0 

1 of 7001M Lightweight Facepiece Angle 

1 of 332E Rendell-Baker-Soucek Mask Size 1 





RECOMMENDED BUT NOT INCLUDED 


(47) 













6 (1 each) 330CF Foregger Coles Tubes 8 to 18 F.G. 


1 No. 332F Rendell-Baker-Soucek Mask Size 2 


We recommend you purchase a 330LC 1 No. 332L Rendell-Baker-Soucek Mask Size 3 
Leather Case to store this equipment 1 330LC Leather Case 


— prevents loss or damage. 1 of 330-15D Corrugated tube c/w 15mm mounts. 


MEDICAL & INDUSTRIAL EQUIPMENT 


A division of Claudius Ash Incorporated 
655 - 73rd Street, Niagara Falls, New York 14304 


SEND FOR COMPLETE LITERATURE 


V EHRSAT ONE’ MULTIPURPOSE DOPPLER INSTRUMENT 


FOR MONITORING DOPPLER 
SOUNDS OF BLOOD FLOW AND 
TO TAKE DOPPLER SYSTOLIC 
BLOOD PRESSURE 


This sensitive Doppler probe is easy to 
tape in position for non-invasive detection 
and monitoring of arterial blood flow dur- 
ing surgery. Used with an occlusive cuff 
and manometer, systolic blood pressures 
may be obtained even on infants and 
hypotensive patients. 





FOR EARLY DETECTION 
OF VENOUS AIR EMBOLISM 


This sensitive wide-angle Doppler probe is 
particularly well suited for the detection 
of venous air emboli which may occur 
during neurosurgical procedures per- 
formed with the patient in the upright 
position. It also detects motion of the 
heart muscle, heart valves and blood flow. 





VERSATONE D8 DOPPLER , 


The Model D8 VERSATONE Doppler 
instrument is designed to use inter- 
changeable probes of various frequencies 
and configurations. It is powered by a 
rechargeable battery and has a built-in 
loudspeaker. Options include an electro- 
cautery sensor and cut-out, a molded 
earset for private listening, and a chart 
recording circuit. The two probes shown 
above are particularly useful to the 
anesthesiologist. Two sizes of pencil 
shaped probes are also available. These are 
useful for intraoperative assessment of 
flow in exposed vessels, as well as for 
transcutaneous flow detection. 


MED 97193) £0 more information сай or write: 
Р.О. Box M (340 Pioneer Way) Mountain View, CA (415) 965-3333 
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surgical 
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The Fenwal Dry Heat Blood Warmer is designed for use during single 
or multiple transfusions when precise regulation of blood temperature and flow rate is 
indicated. It utilizes a disposable plastic blood-warming pathway. 


Fenwal Recipient Sets are available to accommodate your infusion 
requirements. The Single Lead Set is to be used for the intravenous administration of 
one unit of whole blood, red cells or plasma. The "Y" Recipient Set is designed to permit 
dual hookups for simultaneous administration of blood and/or solutions. The Triple 
Lead Set may be employed in multiple infusion procedures, i.e., blood, solutions, blood 


components and medication. 


The Fenwal Microaggregate Blood Filter is designed to remove 


microaggregates down to 20 microns in size during intravenous administration of 
stored whole blood or red cells. 


Fenwal Pressure Infusors provide an efficient non-air-dependent method 
for the rapid infusion of whole blood or red cells. 


The Fenwal TYPENEX" Blood Recipient 


Identification System ties together the identity of the transfusion candidate, 
his cross-match request form, blood sample and up to 10 cross-matched units of blood. 


The Fenwal Venous Pressure Manometer Set is a disposable 


preassembled unit that permits continuous monitoring of the patient's venous pressure 
while performing one simple hookup. 


The Fenwal Platelet Recipient Set is designed specifically for the 
infusion of fresh blood and pool platelet concentrates. 


Our best to you 


Fenwal Laboratories has long been identified with innovation in modern blood 
handling systems. Our knowledge and experiencein developing and providing 
sophisticated blood processing systems have earned a reputation for 
excellence. Thoroughly researched and tested to meet the demands of the 
medical profession, you can expect the same quality in Fenwal operating room 
devices that helped achieve our recognition with the nation's blood banks. 

The Fenwal Specialist in your hospital can provide you and the other 
members of the operating team with completely detailed information on all of 
our products. Intensive training makes him fully qualified to answer your most 
involved questions regarding up-to-date blood transfusion procedure. Be sure 
to see your Fenwal Specialist the next time he visits your department. 


FENWAL LABORATORIES 


DIVISION OF TRAVENOL LABORATORIES. INC 
Deerfield, Illinois, U.S.A. 60015. 
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The Resuscitation Laborato- 
ries, Bridgeport, Connecticut, has 
available the DEFI-CARD- 
COMBI, a new compact portable 
battery operated DC defibrilla- 
tor for emergency use. 


The DEFI-CARD-COMBI 
may be used in COMBI-nation 
with the VISICARD 8 for moni- 
toring the patient using the pad- 
dles as electrodes. In the "stand- 
by" position, the ECG is ob- 
tained without charging the de- 
fibrillator. Cardiac activity may 
be observed before and after de- 
fibrillation. 


The self-powered VISICARD 
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8 may be instantly removed from the DEFI-CARD- 


COMBI and applied directly to the chest for spot monitoring. Once the defibrillator is 
charged, a recharging circuit guarantees the availability of the energy regardless of the 
interval between setting and discharge. 





* * * 


American Hospital Supply is introducing 
Writer Electrode Gel, an ECG electrolyte 
designed for any area of the hospital which 
uses a conductive gel for cardiac testing. 
According to the manufacturer, Writer Gel 
provides clear traces and rapid baseline sta- 
bility—but without the use of suspended 
gritty particles sometimes found in other 
gels. Writer Gel is slow drying, uses a lano- 
lin base and is lemon scented. 


(94) 


Radiometer's new ABL2 Acid-Base Lab- 
oratory is being introduced by The London 
Company, the exclusive U. S. representative 
for Radiometer Copenhagen. 


This new second generation system fea- 
tures automatic operation, complete analy- 
sis with micro samples of blood, patient 
temperature input, easy-change membranes 
for the blood gas electrodes, built-in elec- 
tronic barometer and advanced self-diag- 
nosis testing programs. 'The ABL2 also con- 
tains the advanced features of the ABLI 
system which include measured hemoglobin, 
patented liquid calibration, gas mixer which 
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utilizes a single cylinder of inexpensive CO, and room air to furnish precise calibration 


gas mixtures. 


The totally automated operation includes calibration measurement, computation, rins- 


ing and printout. 


Direct measurements determine the patient's hemoglobin, pH, Рсо„ and Po. from the 
blood microsample. These measurements are simultaneously used by the computer to 
calculate additional parameters, including actual bicarbonate, standard bicarbonate, total 
СО,, base excess, standard base excess and oxygen saturation. Special patient-temperature 
conditions can be easily dialed into the ABL2. A permanent record is provided by the 


built-in printer. 


Olympic Medical Corp, Seattle, Washington, has 





available a new Model 40 Olympic Sterile-Drier with 
a larger capacity, high speed, bio-clean drier for® wet 
disinfected respiratory therapy and anesthesia equip- 
ment. A new concept in drying cabinets, all air enter- 
ing the Model 40 passes through HEPA (High 
Efficiency Particulate Air) filters. Each Model 40 
Olympic Sterile-Drier is individually tested at the 
factory with a particle counter and meets standards for 
Class 100, bio-clean air (no more than 100 particles 
larger than 0.5 microns per cubic foot of air). The 
Model 40 will dry 24 tubes and 8 parts trays or con- 
verts quickly to dry 48 tubes or 16 parts trays. Double, 
full-length, see-through doors provide easy access. 
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Hewlett Packard Medical Electronics Di- 
vision, Waltham, Massachusetts, has a new 
neonatal heart-rate monitor, specifically de- 
signed to detect ECG signals from infants. 
The HP 78213A plug-in module, which 
measures heart rate in the range of 20 to 
250 beats per minute, features high sensi- 
tivity that allows detection of the often 
steeply rising, low-amplitude QRS com- 
plexes in premature infants. 


The neonatal heart-rate monitor has elec- 
trically isolated patient input which effec- 
tively isolates the newborn from potential 
hazardous leakage currents. Heart rate is 
displayed digitally by bright, light-emitting- 
diode numerals. 





Because the vector of the neonate's ECG changes, the module contains a lead selector 
as standard to allow the attending staff to select the best setup for reliable monitoring. 
Audible and visual alarms alert the medical staff when the monitored infant's heart rate 
deviates beyond preselected limits for more than 8 seconds. 
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Thelocal that 
gives you the longest 
. anesthesia 
gives your patient 
longer postoperative 
analgesia. 


Marcaine: hydrochloride (brand of bupivacaine 
hydrochloride) —available with or without epi- 
nephrine—is the local anesthetic that provides the 
longest duration of action among commonly used 
local anesthetics. Which minimizes the problems 
of *continuous" technique or repeat doses. 

Marcaine also provides longer postoperative 
analgesia. Which reduces the need for postoperative 
narcotics. 

And in data in over 3,000 patients, Marcaine was 
reported to have excellent or satisfactory results 
in more than 96% of cases. 


Extended anesthesia for 
P. the surgeon 





In regional blocks, Marcaine, with 
or without epinephrine, usually 
provides anesthesia at least 112 to 2 
times longer than lidocaine or 
mepivacaine. And approximately 
20% longer than tetracaine. 

In fact, anesthesia may extend up 
to 9 hours for peridural block and 
up to 12 hours for peripheral nerve 
block. This has been established 
in several thousand surgical and 
obstetrical patients.'4 

In fact, a single Marcaine epi- 

„dural injection, with or without 
epinephrine, may be enough for up 
to 3424 or more? hours of anesthesia 
for surgery, and often provides 
analgesia that carries over into the 
recovery room and beyond. When 
necessary, doses may be repeated 
up to once every three hours. Cau- 
tion is advised in administration of 
repeat doses to patients with severe 
liver disease. Until further experi- 
ence is gained, total daily dose of 





400 mg. should not be exceeded nor 
is administration to children under 
12 recommended. Also see epi- 
nephrine warnings and precautions 
statements on next page. 

This longer anesthetic action can 
minimize problems of "continuous" 
technique or repeat doses. Thus, 
there is the further advantage of a 


reduced likelihood of introducing 

infection since injections are less 

frequent.^ 

Chart I 

Duration of anesthesia 

Percentage of patients experiencing 
anesthetic effect— 
Comparison of Marcaine with 
epinephrine and other local 
anesthetic/ epinephrine preparations 





Se of patients experiencing anesthetic effect 
(at least six hours after injection) 


100- e Marcaine 96 pts 

= letracaine 66 pts. 

a Mepivacaine 17 pts. | 

«lidocaine 24 pts | 
| 















" гу ү 

9 10 11 12 

Hours after injection 

Equipotent doses used for bilateral, simultaneous 
blocks of sciatic/ femoral, intercostal, or 
brachial/axillary nerves. Adapted from Moore 
D. C.: Data in the files of the Sterling-Winthrop 
Research Institute 





Extended postoperative analgesia 
for the patient 





Marcaine, with or without epineph- 
rine, gives your patient more—con- 
siderably more— postanesthetic 
analgesia than other local anes- 
thetics in various types of nerve 
block.*47* An analgesia that per- 
sists after the return of motor func- 
tion and even cutaneous sensation." 
As a result, you may be able to 
defer!’ and sometimes even elimi- 
nate.^ postoperative narcotics. 
Chart II illustrates the average 
duration of time between the initial 
Marcaine injection and the need 
for postop analgesics. Many of the 
67 patients given Marcaine, with 
or without epinephrine, caudally for 
rectal surgery did not complain of 
pain for 11 hours or longer follow- 
ing induction, 


In another group of 40 patients? 
given Marcaine or mepivacaine, 
both with epinephrine, locally for 
tonsillectomy, Marcaine pain relief 

lasted 3 to 5 times longer than that 
provided by mepivacaine. And ina 
study! of 65 patients given 0.5% 
Marcaine with epinephrine caudally 
for rectal or other perineal surgery, 
complete sensation returned in 
a mean of 81⁄2 hours for the average 
patient. And the majority of these 
patients did not require a narcotic for 
an additional | to 3 hours. 
Chart II 
Duration of time between injection of 
Marcaine, with or without epinephrine, 
and need for postop analgesics! 


No. of 
patients 
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0 9 
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Hours from initial injection to first 
hypodermic for pain 
t Average—exclusion of extremes and failures 
Adapted from Lund, PC.. et al.: Anesth. Analg 
49:103, Jan.-Feb. 1970 


Excellent clinical acceptance 





Marcaine, with or without epineph- 
rine, was administered to 3,112 
patients for various types of local 
anesthesia.’ Of these patients, only 
2 experienced a systemic reaction. 
Although Marcaine has a very wide 
safety margin, adverse reactions 
characteristic of those associated 
with other amide local anesthetics 
may occur. 

Marcaine is indicated for most 
anesthetic blocks; however, until 
further clinical experience is gained, 
paracervical block is not recom- 
mended. 


See important product information concerning 
warnings, adverse reactions, patient selection, 
and prescribing and precautionary recommen- 
dations on next page. 


Extends the limits of time in anesthesia"! 


Extends the limits of time in 


. Marcaine 


bu ote 


bupivacaine 


postoperative analgesia?*'* 


hydrochloride 
hydrochloride 


with or without epinephrine 1:200,000 
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MARCAINE® Hydrochloride 
Brand of bupivacaine hydrochloride 


Indications: Peripheral nerve block, infil- 
tration, sympathetic block, caudal, or epi- 
dural block. 

Contraindication: Marcaine is contraindi- 
cated in patients with known hypersensi- 
tivity to it. 

Warnings: RESUSCITATIVE EQUIP- 
MENT AND DRUGS SHOULD BE 
READILY AVAILABLE WHEN ANY 
LOCAL ANESTHETIC IS USED. 
Usage in Pregnancy. Reproduction studies 
have been performed in rats and rabbits 
and there is no evidence of harm to the 
animal fetus. The relevance to the human 
is not known. Safe use in pregnant women 
other than those in labor has not been 
established. 

Until further clinical experience is gained. 
paracervical block with Marcaine is not 
recommended. Fetal bradycardia fre- 
quently follows paracervical block with 
some amide-type local anesthetics and 
may be associated with fetal acidosis. 
Added risk appears to be present in pre- 
maturity, toxemia of pregnancy, and fetal 
distress. 

The obstetrician is warned that severe per- 
sistent hypertension may occur after ad- 
ministration of certain oxytocic drugs, if 
vasopressors have already been used dur- 
ing labor (e.g., in the local anesthetic solu- 
tion or to correct hypotension). 

Solutions containing a vasoconstrictor, 
particularly epinephrine or norepineph- 
rine, should be used with extreme caution 
in patients receiving monoamine oxidase 
(MAO) inhibitors or antidepressants of the 
triptyline or imipramine types, because 
severe, prolonged hypertension may result. 
Local anesthetics which contain preserva- 
tives, i.e., those supplied in multiple dose 
vials, should not be used for caudal or epi- 
dural anesthesia. 

Until further experience is gained in chil- 
dren younger than 12 years, administra- 
tion of Marcaine in this age group is not 
recommended. 

Precautions: The safety and effectiveness 
of local anesthetics depend upon proper 
dosage. correct technique, adequate pre- 
cautions, and readiness for emergencies. 
The lowest dosage that gives effective 
anesthesia should be used in order to avoid 
high plasma levels and serious systemic 
side effects. Injection of repeated doses of 
Marcaine may cause significant increase 
in blood levels with each additional dose. 
due to accumulation of the drug or its 
metabolites or due to slow metabolic 
degradation. Tolerance varies with the 
status of the patient. Debilitated, elderly 
patients and acutely ill patients should be 
given reduced doses commensurate with 
age and physical condition. 

Solutions containing a vasoconstrictor 
should be used cautiously in areas with 
limited blood supply, in the presence of 
diseases that may adversely affect the pa- 
tient's cardiovascular system, or in pa- 
tients with peripheral vascular disease. * 
Marcaine should be used cautiously in 
persons with known drug allergies or 
sensitivities, particularly to the amide- 
type local anesthetics. 

Serious dose-related cardiac arrhythmias 
may occur if preparations containing a 
vasoconstrictor such as epinephrine are 
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employed in patients during or following 
the administration of chloroform, halo- 
thane, cyclopropane, trichloroethylene. 
or other related agents. In deciding 
whether to use these products concur- 
rently in the same patient, the combined 
action of both agents upon the myocar- 
dium, the concentration and volume of 
vasoconstrictor used, and the time since 
injection, when applicable, should be 
taken into account. 

Caution is advised in administration of 
repeat doses of Marcaine to patients with 
severe liver disease 

Adverse Reactions: Reactions to Marcaine 
are characteristic of those associated with 
other amide-type local anesthetics. A 
major cause of adverse reactions to this 
group of drugs is excessive plasma levels, 
which may be due to overdosage, inad- 
vertent intravascular injection, or slow 
metabolic degradation. 

Excessive plasma levels of the amide-type 
local anesthetics cause systemic reactions 
involving the central nervous system and 
the cardiovascular system. The central 
nervous system effects are characterized 
by excitation or depression. The first man- 
ifestation may be nervousness. dizziness. 
blurred vision, or tremors, followed by 
drowsiness. convulsions, unconsciousness, 
and possibly respiratory arrest. Since 
excitement may be transient or absent, the 
first manifestation may be drowsiness, 
sometimes merging into unconsciousness 
and respiratory arrest. Other central ner- 
vous system effects may be nausea, vomit- 
ing, chills, constriction of the pupils. or 
tinnitus. The cardiovascular manifesta- 
tions of excessive plasma levels may in- 
clude depression of the myocardium, 
blood pressure changes (usually hypoten- 
sion), and cardiac arrest. In obstetrics, 
cases of fetal bradycardia have occurred 
(see Warnings). 

Allergic reactions, which may be due to 
hypersensitivity, idiosyncrasy, or dimin- 
ished tolerance, are characterized by 
cutaneous lesions (e.g., urticaria), edema. 
and other manifestations of allergy. Detec- 
tion of sensitivity by skin testing is of 
doubtful value. 

Reactions following epidural or caudal 





anesthesia also may include: high or total 
spinal block; urinary retention; fecal in- 
continence; loss of perineal sensation and 
sexual function; persistent analgesia, 
paresthesia, and paralysis of the lower ex- 
tremities; headache and backache: and 
slowing of labor and increased incidence 
of forceps delivery. 

Treatment of Reactions. Toxic effects of 
local anesthetics require symptomatic 
treatment; there is no specific cure. The 
physician should be prepared to maintain 
an airway and to support ventilation with 
oxygen and assisted or controlled respira- 
tion as required. Supportive treatment of 
the cardiovascular system includes intra- 
venous fluids and, when appropriate, 
гаѕоргеѕѕогѕ (preferably those that stimu- 
late the myocardium). Convulsions may 
be controlled with oxygen and intravenous 
administration, in small increments, of a 
barbiturate, as follows: preferably, an 
ultrashort-acting barbiturate such as thi- 
opental or thiamylal; if this is not avail- 
able, a short-acting barbiturate (e.g.. seco- 
barbital or pentobarbital) or diazepam. 
Intravenous barbiturates or anticonvulsant 
agents should only be administered by 
those familiar with their use. 

References: 1. Moore, D. C., Bridenbaugh, L. D., 
Bridenbaugh, P. O., er al.: Bupivacaine, a review 
of 2,077 cases, J.A.M.A. 214:713, Oct. 26, 1970 
2. Moore, D. C., Bridenbaugh, L. D., Briden- 
baugh, P O., et al.: Bupivacaine for peripheral 
nerve block: a comparison with mepivacaine, 
lidocaine and tetracaine, Anesthesiology 32:460, 
May 1970. 3. Hollman, A.: Axillary plexus block 
a double-blind study of 59 cases using mepivacaine 
and LAC-43, Acta Anaesthesiol. Scand., Suppl. 
21:53, 1966. 4. Bromage, P. R.: A comparison of 
bupivacaine and tetracaine in epidural anesthesia 
for surgery, Can. Anaesth. Soc.J. 16:37, Jan. 1969. 
5. Lund, P C., Cwik, J. C., and Vallesteros, F.: 
Bupivacaine—a new long-acting local anesthetic 
agent, a preliminary clinical and laboratory report, 
Anesth. Analg. 49:103, Jan.-Feb. 1970. 6. Wise, 
G. F: Guest Discussions, Anesth. Analg. 49:113, 
Jan.-Feb. 1970. 7. Moore, D. C.: Data in the files 
of the Sterling-Winthrop Research Institute. 

8. Puento-Egido, J. J., Dudeck, J., and Nolte, H.: 
The clinical use of the local anesthetic agent 
Marcaine (Carbostesin®), Anaesthesist 16:224, 
August 1967. 9. Data in the files of the Sterling- 
Winthrop Research Institute (1664MB) 
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Marcaine HCl Epineohrine* 
(brand of bu- (as bitartrate) 
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Brief Reports... 


air) after a 2-month hospitalization. One 
month later, however, she developed an os- 
teomyelitis of several ribs on the left side 
and underwent rib resection. A pneumato- 
cele followed by a bronchopleural-cutaneous 
fistula was treated 3 months later and again 
in 4 months. Organisms cultured included 
Pseudomonas and Staphylococcus aureus. 


The patient’s first admission to this hos- 
pital was in January 1975. She was a chron- 
ically ill appearing child with marked club- 
bing of the fingers and toes. She had 2 left 
chest tubes open to air, draining purulent 
material. A Valsalva maneuver would pro- 
duce copious secretions and air bubbles from 
the tube. Bronchoscopy and bronchography 
revealed a fistula from the distal left main- 
stem bronchus to a large empyema cavity 
at the base of the left lung, and also lingular 
bronchiectasis. Operation consisted of de- 
cortication of the left upper lobe, removal 
of the empyemic left lower lobe cavity, and 
a subtotal lingular excision. 


Anesthetic management involved induc- 
tion with halothane by mask and spontane- 
ous ventilation, with minimal gas escape 
from the fistula. This was followed by care- 
ful local anesthetic spray to the pharynx, 
larynx, and trachea. A 4-mm Storz ventilat- 
ing bronchoscope was then placed in the left 
mainstem bronchus with the tip beyond the 
orifice of the left upper lobe bronchus. A 
7-FG balloon-tipped arterial embolectomy 
catheter was then placed in the left main- 
stem bronchus through the bronchoscope 
which was then withdrawn from the trachea 
but left surrounding the Fogarty catheter 
and kept on the operating table. The trachea 

,was then intubated with a #5 endotracheal 
tube, positioning the Fogarty catheter ex- 
ternal and posterior to the tube. 


Ventilation of the lungs was now attempt- 
ed with the endotracheal tube in place and 
the Fogarty balloon uninflated. A good por- 
tion of the ventilation was seen to be emerg- 
ing from the fistula. The Fogarty catheter 
balloon was inflated with 2.5 ml of air, a 
seal being demonstrated by the easy ventila- 
tion of both lungs and the absence of gas 
bubbles at the fistula. This seal was thus 
obtained without the necessity of inserting 
the endotracheal tube into the right main- 
stem bronchus, and ventilation of the left 
upper lobe was thus continued throughout 
the procedure. 


Dissection of adhesions required approxi- 
mately 2 hours, during which the Fogarty 
catheter effectively sealed the bronchus. The 
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catheter was removed when the surgeon 
could clamp the bronchus directly. The pa- 
tient was extubated in the operating room 
and has had a benign postoperative course, 
being discharged 12 days postoperatively 
with all chest tubes removed. She was fol- 
lowed for 10 months without recurrence of 
difficulty. 


DISCUSSION 


Positioning of the diseased lung upper- 
most contributed materially to the technical 
success of the operation. With positive-pres- 
sure ventilation, the uppermost lung is pref- 
erentially ventilated, and with an open bron- 
chopleural-cutaneous fistula, much of the 
ventilation would have been wasted. Block- 
ing the affected bronchus gave control of 
infective secretions, adequate control of ven- 
tilation, and optimal surgical position. 


The Fogarty balloon-tipped catheter re- 
mained in place for almost 2 hours, the 
bronchus remaining gastight during that 
time. With the control thus achieved, an 
unhurried careful dissection probably min- 
imized blood loss. The length of the catheter 
enabled the bronchoscope to be kept along- 
side the patient with the catheter still in- 
side. Should the balloon have slipped out 
of the bronchus into the trachea, the bron- 
choscope could have been easily reinserted 
and the catheter repositioned. The Fogarty 
embolectomy catheter is commonly avail- 
able in the operating suite and seems well 
suited to the occasional need for bronchial 
blockade. 


Selective bronchial blockade in children 
using this balloon-tipped catheter has been 
described by others.'-* In 2 cases,'? bronchi 
were blocked with the Fogarty catheter and 
patients recovered uneventfully, although 
this is not conclusive evidence that the 
blocker had indeed protected the involved 
lung from infective secretions. Our report is 
unique because of the demonstration that 
the bronchus was sealed to gas by the 
Fogarty catheter. 
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1. Vale Н: Selective bronchial blocking in a small 
child. Br J Anaesth 41:453-455, 1969 
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Difficult Extubation of an Endotracheal Tube Cuff 


THIEN YEW NG, MD* 
ТАРАМ D. DATTA, MD} 


Pittsburgh, Pennsylvaniat 


Erramon after short-term intubation is 
not usually difficult. However, un- 
toward incidents can occur, as illustrated by 
the following report. 


REPORT OF A CASE 


A 6l-year-old woman, 165 cm tall and 
weighing 55 kg, was admitted for left Keller 
arthroplasty and interphalangeal fusion of 
the 2nd toe. Preoperative medication con- 
sisted of 75 mg of meperidine, 50 mg of 
hydroxyzine, and 0.4 mg of atropine IM. 
Anesthesia was induced with 240 mg of thi- 
amylal IV, followed by 80 mg of succinyl- 
choline, which provided good relaxation for 
a smooth orotracheal intubation with a lub- 
ricated 36 French red-rubber Murphy tube. 
The tube cuff was inflated until there was 
no leak, inflation requiring 3 ml of air. An- 
esthesia was maintained with N O-O, (60: 
40) and intermittent doses of fentanyl and 
d-tubocurarine. 


At the end of operation, the patient’s tra- 
cheobronchial tree and mouth were suc- 
tioned and the cuff was deflated. When ex- 
tubation was attempted, the endotracheal 
tube seemed caught after withdrawal of sev- 
eral centimeters. The tube could be pushed 
down easily but came to an abrupt stop 
when it reached one particular level on at- 
tempted extubation. The patient was asked 
to hold her breath in deep inspiration and 
the tube was removed with some difficulty. 

Examination of the endotracheal tube 
showed a collar-like ridge or “flange” at the 
lower part of the cuff (figure). The patient 
recovered uneventfully except for a “sore 
throat” lasting 2 days. 


*Assistant Professor of Clinical Anesthesiology. 
tAssistant Professor of Clinical Anesthesiology. 
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Ficure. The collar-like ridge or “flange” forma- 
tion at the distal end of the cuff of a red-rubber 
Murphy tube, preventing easy extubation. 


DISCUSSION 


Pavlin and associates! have described 
several cases of difficult removal of Portex 
Blue Line tracheostomy tubes, the cuffs of 
which have a large residual volume. Flange 
formation is more likely to occur in such 
cuffs than those with a small residual vol- 
ume. Flange formation did not occur аі» 
room temperature nor with other nfakes of 
tracheostomy tubes with large residual vol- 
ume cuffs incubated at 37? C for 30 minutes. 
The exact cause of the formation of these 
flanges is unclear. 


Other important factors are: (1) the rela- 
tion of tube and cuff size to the size of the 
tracheal stoma or laryngeal inlet; (2) lubri- 
cation of the tube and cuff prior to intuba- 
tion, the lubricant being worn off during ex- 
tubation; (3) the presence of stretching and 


iDepartment of Anesthesiology, University of Pittsburgh School of Medicine and Veterans Administration 


Hospital, Pittsburgh, Pennsylvania 15240. 


Paper received: 2/6/76 
Accepted for publication: 2/26/76 


VoLUME 55, No. 6, NovEMBER-DECEMBER, 1976 


(59) 





CLASSIFIED ADVERTISING 


ANESTHESIOLOGY 
CHAIRMAN 


The Hospital Center at Orange has an 
exceptional opportunity for a Board Cer- 
tified or Board eligible Anesthesiologist 
with a minimum of 10 years experience 
to coordinate the activities of our De- 
partment of Anesthesiology as the De- 
partment Chairman. An affiliation with 
Medical School for a student and house 
officer training program is being pursued. 
The selected candidate will be considered 
for academic appointment to the New 
Jersey College of Medicine and Dentistry. 

A competitive compensation package 
consisting of administrative fee or salary 
plus fee-for-service income will be avail- 
able. 

The Hospital Center has approximately 
400 beds consisting of two units; namely 
The Orange Memorial Hospital and The 
New Jersey Orthopaedic Hospital Unit 
located in suburban N.J. offering con- 
venient access to New York City and 
Philadelphia. 

Send curriculum vitae to: 
Arthur T. Dunn, President 
THE HOSPITAL CENTER 
AT ORANGE 
188 South Essex Ave. 
Orange, New Jersey 07051 
Equal Opportunity Employer 


CHIEF OF ANESTHESIOLOGY 


Major Midwestern medical center with a medi- 
cal school affiliation is seeking an outstanding 
Anesthesiologist to head the Department of 
Anesthesiology. This is an immediate oppor- 
tunity to restructure and/or build upon our cur- 
rent team. Our compensation package is ex- 
ceedingly attractive and the working conditions 
are excellent as a result of our recently com- 
pleted, multi-million-dollar expansion program. 
Please send curriculum vitae to: John D. Silbar, 
M.D., Chairman, Anesthesia Search Committee, 
Mount Sinai Medical Center, 950 North 12th 
Street, Milwaukee, Wisconsin 53233. 


LOUISIANA—Tulane University, New Orleans. 
Immediate positions available for Academic 
Anesthesiologists in new Department of Anes- 
thesiology. Positions in all anesthetic subspe- 
cialties, intensive care and respiratory therapy 
in new university teaching hospital. Tulane Uni- 
versity is an Affirmative Action/Equal Oppor- 
tunty employer. Curriculum vitae to: Robert R. 
Kirby, M.D., Department of Anesthesiology, 
Tulane University School of Medicine, 1430 
Tulane Ave., New Orleans, Louisiana 70112. 








PEDIATRIC ANESTHESIOLOGY 
RESIDENCY 


Childrens Hospital of Los Angeles 


Three-phase program: Clinical, Academic, In- 
vestigative, emphasizing practical aspects of 
anesthesiology related to infants and chil- 
dren. 

AMA approval for third-year residency. Posi- 
tions available from two months to one year. 

Apply: George B. Lewis, Jr., M.D. 

Head, Division of Anesthesiology 
Childrens Hospital of Los Angeles 
4650 Sunset Boulevard 

Los Angeles, California 90054 


Phone (213) 660-2450, Ext. 2262 


DIRECTOR/SCHOOL OF NURSE ANESTHE- 
SIA. Immediate opening for CRNA with Mas- 
ters Degree. We have a two-year program with 
university and medical school affiliation lead- 
ing to a B.S. degree and CRNA certification. 
Ability to work independently in curriculum 
formation and school supervision is essential. 
Excellent salary and benefit package. If you are 
seeking a challenging position and career in 
a large medical teaching center, send resume 
with salary history and requirements to: Mrs. 
Anna Barker, Employment Manager, Medical 
Center Hospitals, Norfolk General Hospital 
Division, 600 Gresham Drive, Norfolk, Virginia 
23507. 





FACULTY POSITIONS 


New University Department of Anesthesiology 
seeks full-time faculty (all levels) with inter- 
ests in intensive care, ambulatory and obstetri- 
cal anesthesia. Also, full-time director of pedi- 
atric (not neonatal) intensive care and respira- 
tory therapy. Challenging positions for those 
genuinely interested in teaching students and 
residents, research and development of a new 
Department. Pleasant university oriented com- 
munity of 1,000,000. Excellent schools and liv- 
ing areas. Salaries negotiable. Send curriculum 
vitae to: R. Bryant Roberts, M.D., Professor 
and Chairman, Department of Anesthesiology, 
Wright State University School of Medicine, 
Dayton, Ohio 45431. 





CHIEF ANESTHESIOLOGIST for 200-bed 
hospital—five modern OR’s. All surgical serv- 
ices except open heart and neurosurgery. Ex- 
cellent job challenge. Salary based on past 
experience and type of appointment. No mal- 
practice insurance required. For information 
call or write to Dr. Zwemer, Chief Surgeon, 
Phoenix Indian Medical Center, 4212 North 
16th Street, Phoenix, Arizona 85016. (602) 
263-1200. The Indian Health Service is a Fed- 
eral Employer and Federal Civil Service or 
Public Health Commissioned Corps benefits 
and requirements apply. Preference is given 
to qualified Indian or veteran applicants. IHS 
is an equal opportunity employer. 
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Classified Advertising (Continued) 


ANESTHESIOLOGIST NEEDED—Board Cer- 
tified desired with supervisory experience, 
now have three anesthesiologists and thirteen 
CRNAs doing all types surgery except open 
heart. Involved in intensive care, respiratory 
care, pain clinic, school for CRNAs and stu- 
dent and resident training cooperating with 
Jefferson Medical School. Lovely family com- 
munity area. Call (412) 539-9711, ext. 273, or 
send resume to Mr. K. D. Bowman, Assistant 
Administrator, Latrobe Area Hospital, Latrobe, 
Pa. 15650. An equal opportunity employer. 





CALIFORNIA—ANESTHESIOLOGISTS. Ex- 
cellent opportunity to practice and participate 
in academically oriented program. Delightful 
California city. Favorable plan of remunera- 
tion and time off will be worked out. We can 
pay your professional liability insurance. Send 
curriculum vitae in first letter to: Jerome S. 
Harris, M.D., Director of Medical Affairs, Val- 
ley Medical Center, 445 S. Cedar, Fresno, Cali- 
fornia 93702. 





ANESTHESIOLOGIST: Board certified/eligi- 
ble to join newly formed group of anesthesi- 
ologists and nurse anesthetists in New Orleans. 
Fee for service private practice at 650-bed 
general hospital and newly opened Pediatric 
hospital. Write or call Metropolitan Anesthesia 
Associates, 4520 Melpomene, New Orleans, La. 
70185. (504) 822-9331. 





FACULTY POSITIONS 


Department of Anesthesiology, Charity Hos- 
pital, New Orleans, affiliated with LSU and 
Tulane Medical Schools, has three faculty posi- 
tions open for board certified/eligible anesthe- 
siologists at Associate-Assistant Professor, 
Instructor levels. Duties involve teaching, re- 
search, clinical supervision. Salaries negoti- 
able. Send inquiries and curriculum vitae to: 
M. Naraghi, M.D., Director, Department of 
Anesthesiology, Charity Hospital, New Or- 
leans, Louisiana 70140. 





MARYLAND: Positions on the Anesthesia 
Staff at Baltimore City Hospitals. Excellent 
fringe benefits and salary. Residency fully in- 
tegrated with the Johns Hopkins Medical 
School program. Send CV to Peter Chodoff, 
M.D., Anes-in-Chief, Baltimore City Hospitals, 
4940 Eastern Ave., Baltimore, Maryland 21224. 





2 American anesthesiologists, eligible for oral 
boards in April 1977 from world-famous mid- 
western center, desire to relocate in Ohio or 
other state if center is attractive. Extensive 
experience in vascular, neuro and cardiovascu- 
lar anesthesia. Contact Box 11-76-A in care of 
LA.R.S. 





ANESTHESIOLOGIST, 38, ABA certified, 
university trained, excellent references, seeks 
assoc. partner or group. No geographic prefer- 
ences, prefer city or suburb. Available June 
1977. Write to Box 11-76-B c/o I.A.R.S. 





ANESTHESIOLOGIST—LOCUM TENEMS— 
1/77 - 3/77 in multispecialty center in NW low- 
er Michigan. Excellent skiing and winter sports 
area. Michigan licensure necessary. Practice 
includes cardiac anesthesia and respiratory care. 
Share call with three other Board certified an- 
esthesiologists. Contact: J. R. Rasmussen, M.D., 
c/o Burns Clinic Medical Center, P.C., 560 W. 
Mitchell, Petoskey, Michigan 49770. 





ANESTHESIOLOGIST—BOARD CERTIFIED 
OR ELIGIBLE to assume position as director 
of and/or consultant to a hospital anesthesi- 
ology department in a new, rapidly growing, 
171-bed Midwestern hospital; service area cov- 
ers 150,000 residents and responds to a medical 
staff of 50-60 physicians; progressive city of 
35,000 with excellent schools, cultural activities, 
and recreational oppotunities; salary $80,000 
base and excellent compensation plan. eSend 
c.v. and references to Michael L. Wintory, 
Director of Personnel, St. Mary's Hospital, 
3333 N. Seminary St., Galesburg, IL 61401. 


Rates for classified advertising are $3.00 per line, minimum 5 lines. Box number ads $3.50 
per line. Classified Display rates on request. Copy deadline 6 weeks prior to publication. Do 


not submit payment with order; 


invoices will be sent for payment prior to publication. Ad 


copy, subject to acceptance by publisher, should be mailed to: Anesthesia and Analgesia... 
Current Researches, 3645 Warrensville Center Rd., Cleveland, Ohio 44122. 
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IN PORTABLE ECG MONITORS... 





CONVENTIONAL 
TRACES 
FADE FAST 
AMERICAN OPTICAL'S 
DURA-VUE* DISPLAY 
GIVES YOU MORE TIME 
TO SEE THE ECG EVENT 
YOU DON'T WANT TO MISS 
nm 





HOW VALUABLE CAN THAT BE 
UNDER BUSY O/R CONDITIONS? 


First Class 
Permit No. 24 
Bedford, MA 


BUSINESS REPLY MAIL 
No postage stamp necessary if mailed in the United States 


Postage will be paid by: 


е 
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American Optical MEDICAL DIVISION 
Crosby Drive 
Bedford, MA 01730 









CHOOSE FROM 
13 DIFFERENT 
AO PORTABLE 
MONITORS 
WITH 
DURA-VUE" 
DISPLAY 


THEY GIVE YOU UP TO 

30% MORE TIME 
TO CATCH THE ECG EVENT 
YOU DON'T WANT TO MISS 


REPRE LEST GERNNCESRONEAGNVSSEC T UTIMEMDRCYWUEZ UO 2c кшш" oT RI TS САлАЧЕАЙЛИ 


Line- Battery- 
Operated Operated* 










ECG, Heart Rate, Systole Sound 


ECG, Heart Rate, Alarms, Systole Sound 


ECG, Digital Heart Rate, Alarms, Systole Sound 


1700 





ECG, Digital Heart Rate, Alarms, Systole Sound, Blood Pressure/ 
Pulse 






ECG, Alarms, Systole Sound, Digital Display with Scan of Heart 
Rate, Blood Pressure/Pulse, Temperature 


Telemetry ECG, Heart Rate, Alarms, Systole Sound 


Telemetry ECG, Digital Heart Rate, Alarms, Systole Sound 





*Battery-operated units can be operated . 
from line while recharging except 1700. . 
® 


American Optical MEDICAL DIVISION, Bedford, MA 01730 


Gentlemen: 


Please have a salesman call for an appointment to explain more 
about the AO 1600 Series and 1700 Portable Monitors. 
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Long-term airway management is a prob- 
lem. There's always the hazard of tracheal 
scarring and stenosis...accidental over-infla- 
tion. And so on. 

Now with the Lanz Controlled-Pressure 
Cuff Endotracheal Tube, you can help solve 
your long-term intubation problems. 


Dangers of Tracheal Damage Minimized. 
The Lanz Endotracheal Tube is unique. 
It is a controlled-pressure cuff system con- 
taining an automatic, pressure regulating 
valve with an external, pressure-control bal- 
loon. This system is designed to eliminate 


;., excessive pressure on the tracheal wall due 


to over-inflation of the cuff. It's also designed 
to automatically compensate for increased 
volume and pressure caused by diffusion of 
N20 or Os into the cuff. 

. When used in the intubation period be- 
fore tragheostomy, it helps assure protection 
of the trachea throughout the entire period 
of Jil management. 








Unique cuff system 
automatically compensates for increased 
volume/pressure caused by diffusion of N;O or O; into cuff. 


Patient Safety and Comfort 

The Lanz Endotracheal Tube permits 
quick and easy intubation. The tube will flex, 
but not kink. It is available with either Murphy 
or Magill tips. 

And it's available now— packaged sterile, 
and ready to use. 

Help solve your long-term airway prob- 
lems now with the Lanz Disposable Con- 
trolled-Pressure Cuff Endotracheal Tube. 
Write today for complete information, or call 
your Extracqrporeal Representative. 


extracorporeal 


Extracorporeal Medical Specialties, Inc. 
Royal & Ross Roads - King of Prussia Pa 19406 USA 215-337 2400 


In Europe, write. 


Extracorporeal S.A., 253 Avenue Winston Churchill, B-1180 Brussels, Belgium 





Nesacaine 


(Chloroprocaine Hydrochloride) 


1% and 2% solution in 30-ml. multiple-dose vials 
For Infiltration and Regional Anesthesia 


Nesacaine-C E 


(Chloroprocaine Hydrochloride) 


296 and 3% solution in 30-ml. single-dose vials 


For Caudal and Epidural Anesthesia 


INDICATIONS 

NESACAINE in multiple dose vials and NESACAINE-CE in 
single dose vials without preservatives are indicated for 
production of local anesthesia by infiltration injection and 
nerve block.* 

*NESACAINE in multiple dose vials with preservatives is 
not to be used for caudal or epidural anesthesia. 
NESACAINE-CE contains no preservatives and the unused 
portion must be discarded after initial use. 


CONTRAINDICATIONS 

NESACAINE and NESACAINE-CE are contraindicated in 
patients hypersensitive to drugs of the PABA ester group. 
Central nervous system disease is generally considered a 
contraindication to caudal or epidural nerve block. 


WARNINGS 

RESUSCITATIVE EQUIPMENT AND DRUGS SHOULD BE 
IMMEDIATELY AVAILABLE WHEN ANY LOCAL ANESTHETIC 
IS USED. As NESACAINE-CE contains no preservative, 
discard unused drug remaining in vial after initial use. 
Equipment and drugs necessary for the treatment of inad- 
vertent intravascular injection, intrathecal injection, or 
excessive dosage should be immediately available. 

Usage in Pregnancy: Safe use of chloroprocaine hydro- 
chloride has not been established with respect to adverse 
effects upon fetal development. Therefore, it should not be 
used in women of childbearing potential unless in the judg- 
ment of the physician the potential benefits outweigh the 
unknown hazards. In obstetrics, if vasoconstrictor drugs are 
used either to correct hypotension or are added to the local 
anesthetic solution, the obstetrician should be warned that 
some oxytocic drugs may cause severe persistent hyperten- 
sion and even rupture of a cerebral blood vessel may occur 
during the post partum period. 

Solutions containing vasoconstrictors, particularly epi- 
nephrine and norepinephrine, should be used with extreme 
caution in patients receiving certain antidepressants such as 
MAO inhibitors, and tricyclic compounds since a severe 
prolonged hypertension may occur. 


PRECAUTIONS 
The lowest dosage that results in effective anesthesia should 
be used to avoid high plasma levels and serious undesirable 
systemic side effects. Tolerance varies with the status of the 
patient. Debilitated patients, elderly patients, acutely ill 
patients, and children should be given reduced doses com- 
mensurate with their age and physical status. 
Solutions containing vasoconstrictors should be used 
cautiously in the presence of disease which may adversely 
affect the patient's cardiovascular system. 
Chloroprocaine hydrochloride should be employed cau- 
tiously in persons with known drug allergies or sensitivities. 
The decision whether or not to use local anesthesia in the 
following conditions depends on the physician's appraisal of 
the advantages.as opposed to the risk: 
Paracervical block when fetal distress is anticipated or 
when predisposing factors causative of fetal distress are 
present (i.e., toxemia, prematurity, diabetes, etc.). Injec- 
tion of solutions containing epinephrine in areas where 
the blood supply is limited (i.e., ears, nose, digits, etc.) or 
when peripheral vascular disease is present. 


ADVERSE REACTIONS 

Adverse reactions result from high plasma levels due to 
rapid absorption, inadvertent intrgvascular injection or 
excessive dosage. Hypersensitivity, idiosyncrasy, or di- 
minished tolerance are other causes of reactions. Reactions 
due to overdosage (high plasma levels) are systemic and 
involve the central nervous system and the cardiovascular 
system. 

Reactions involving the central nervous system are charac- 
terized by excitation and/or depression. Nervousness, dizzi- 
ness, blurred vision or tremors may occur followed by 
drowsiness, convulsions, unconsciousness and possibly 
respiratory arrest. Since excitement may be transient or 
absent, the first manifestations may be drowsiness merging 
into unconsciousness and respiratory arrest. 





Reactions involving the cardiovascular system include 

depression of the myocardium, hypotension, bradycardia 

and even cardiac arrest. е 
Treatment of a patient with toxic manifestations consists of 
maintaining an airway, and supporting ventilation using 

oxygen and assisted or controlled respiration as required. Á 
Supportive treatment of the cardiovascular system consists 

of using vasopressors, preferably those that stimulate the 
myocardium (e.g., ephedrine) and intravenous administration 

in small increments of an ultrashort acting barbiturate 

(i.e., thiopental, thiamylal) or a short acting barbiturate if 

these are not available (secobarbital, pentobarbital) or a 

short acting muscle relaxant (succinylcholine), together with 

oxygen. Muscle relaxants and intravenous barbiturates 

should be used only by those familiar with their use. 

Allergic reactions are characterized by cutaneous lesions, 

urticaria, edema and other manifestations of allergy. The 

detection of sensitivity by skin testing is of doubtful value. 


DOSAGE AND ADMINISTRATION 

The maximum single recommended doses of chloroprocaine 
hydrochloride are: without epinephrine, 800 mg.; with 
epinephrine (1:200,000), 1000 mg. The recommended dosage 
is based on requirements for the average adult and should 
be reduced for elderly or debilitated patients and children. 
The recommended doses given below serve only as a guide 
to the amount of anesthetic required for most routine 
procedures. 


1. INFILTRATION AND NERVE BLOCK (NESACAINE) 


Type of Block Volume Concentration 
Occipital 3-5 ml. 196-295 
Mandibular 2-3 ml. 296 
Maxillary 2-3 ml. 2% 
Infra-orbital 0.5-1 ml. 2% 
Cervical 3-4 ml. 1%-2% 

(for each segment) 
Brachial plexus 30-40 ml. 295 ~ 
Ulnar nerve 3-5 ml. 2% 
Paravertebral 3-5 ml. 2% 
Intercostal 3 ml. 196-296 
Sciatic nerve 10-15 ml. 2% ө 
Stellate ganglion 5-10 ml. 196-295 
Lumbar sympathetic . 
(1 needle technic) 15-20 ml. 1956-296 
Interdigital 3-4 ml 195-296 


(without epinephrine) . 
Fractional doses, up to 300 to 600 mg., may be given 
at 50 minute intervals. 


2. CAUDAL AND EPIDURAL BLOCK (NESACAINE-CE) 

For caudal anesthesia the initial dose is 15 to 25 ml. of a2% 
or 3% solution. Repeated doses may be given at 40 to 60 
minute intervals. 

For epidural anesthesia in the lumbar and sacral regions 

2.0 to 2.5 ml. per segment of a 296 or 396 solution can be 
used. The usual total volume of Nesacaine-CE is from 15 to 
25 ml. Repeated doses 2 to 6 ml. less than the original dose 
may be given at 40 to 50 minute intervals. 


HOW SUPPLIED 

Nesacaine is supplied as follows: 
1% solution (10 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per carton. 
2% solution (20 mg/ml.) in 30 ml. multiple-dose vials, 
12 vials per.carton. 

Nesacaine-CE is supplied as follows: 
2% solution (20 mg/ml.) in 30 ml. single-dose vials, 
12 vials per carton. 
3% solution (30 mg/ml.) in 30 ml. single-dose vials, ^ 
12 vials per carton. 
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Pennwalt Prescription Products 

Pharmaceutical Division . 
Pennwalt Corporation 

Rochester. New York 14603 1 


” . Alocal 

^ anesthetic 
should meet your 

А needs... 


Rapid Onset of Action. Saves doctor, nurse and patient time. 






Effective Anesthesia. Nesacaine (Chloroprocaine Hydrochloride) offers 80% to 
9096 pain-free procedures at recommended doses. 


Exceptional Safety. Less potential for postoperative complications. Nesacaine is 
rapidly hydrolized in plasma, whereas lidocaine and other amide-type local 
anesthetics are metabolized in the liver. With Nesacaine, therefore, there is minimal 
potential risk of systemic toxicity, accumulation of metabolites, stimulation of CNS 
or cardiovascular effects. 


Excellent Penetration. Chloroprocaines lipid solubility and ionization charac- 
Б teristics impart it with excellent penetration 


Minimal Irritation at Injection Site. Few patient complaints about procedural pain, 
little soreness and inflammation after procedure. 


Rapid and Complete Wear-Off. No residual numbness, patient back to normal 
faster. 


See opposite page for brief 
prescribing information. 


Look Into. | 
Nesacaine ` 


(Chloroprocaine Hydrochloride) 
It meets your needs. 
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For Your In-training and Continuing Medical Education 


MEMBERSHIP CERTIFICATE 


C. M. EDUCATION, M.D. 





IS A MEMBER IN GOOD STANDING 





Kesearch Society 


EXECUTIVE SECRETARY 





The International Anesthesia Research Society is a non-profit, scientific and educational corporation of the State 
of Ohio founded in 1922 “To Foster Progress and Research in Anesthesia.” To this end it performs two functions: 
(1) It publishes a bi-monthly journal, “ANESTHESIA and ANALGESIA . . . Current Researches”; and (2) It 
sponsors an annual scientific "Congress" meeting which meets the criteria for Category 1 credit toward the AMA 
Physicians Recognition Award. 


Membership in the IARS is voluntary; it is also separate and distinct from membership in any other local, state 
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MEMBERSHIP - ASSOCIATE MEMBERSHIP 
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ANALGESIA . . . Current Researches. Members are also entitled to reduced registration fee at IARS annual 
scientific meetings. 


EDUCATIONAL MEMBERSHIP 


EDUCATIONAL MEMBERSHIP is open to interns and residents in anesthesiology training programs; registered 
nurses enrolled in nurse anesthesia schools; students in inhalation or respiratory therapy training programs, or 
in physician assistant anesthesia programs. 


The official Educational Membership application blank must be completed by the individual applicant, and 
signed by his or her training program director. 







Dues are $25 for a single, tw8-year period during the member’s anesthesia training period, and include a two- 
year subscription to ANESTHESIA and ANALGESIA... Current Researches. Educational Members are entitled to 
complimentary registration at IARS annual scientific meetings. 





Application forms are available from Cleveland business office. Program Directors are invited to obtain a 
supply of Educational Membership applications for their students in training. 
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Y РОВ MONOSCOPE 
MONITORING COMFORT 
CUSTOM EARPIECE 


Made From Your Own Ear Impression 


"Do It Yourself Impression Procedure" Proven 
At Many Hospitals Over Period of Several 
Years. 


Impression Kit and Full Instructions 
Complete With Postage Prepaid. Mailer $1.00 


Lucite Custom Earmold With Coupler . $8.50 


One Week Delivery. Full Guarantee. 
Full information upon request. 


PLASTICAST LABORATORIES, INC. 


711 Penn Ave. Pittsburgh, Pa. 15222 


Telephone: (412) 281-3357 


McGILL UNIVERSITY 


ANNUAL REVIEW COURSE IN 
ANAESTHESIA—1977 


May 23-27, 1977 


This. course is directed towards senior residents, 
candidates preparing for higher examinations and 
full time specialist anesthesiologists. The course 
content has been chosen to review important 
areas of scientific background and clinical prac- 
tice, with emphasis on recent developments. 


Teaching personnel consist of senior members of 
the McGill Faculty of Medicine together with a 
most distinguished guest faculty. 


The meeting is held in a relaxed and attractive 
setting in McGill University. 


FEE: $200.00 
$100.00 (residents) 


For further details write to: 


The Secretary 
Post-Graduate Board 
Royal Victoria Hospital 
687 Pine Avenue, West, 
Montreal H3A 1A1, Quebec 
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With the new 
universal 


SLICK: 


STYLETTE 
endotracheal 
tube guide. 


The old familiar way of intubating is 
not necessarily the better way. The better. 
way to prepare for the unexpected during 
the critical period of induction and to in- 
crease the rate of successful first attempt 
intubations is to routinely use SLICK 
STYLETTE. Its non-friction coating elim- 
inates the need for additional lubrication, 
and the stop-lock controls the extent of 
its advancement into the endotracheal tube. 
These features, plus its versatility and mall- 
eability reduce the difficulties encountered 
with normal anatomical variations, such as 
a small mouth, protruding teeth or bull 
neck as well as pathological obstacles. 

Why not update your procedure with 
the addition of theSLICK STYLETTE as 
a standard part of your intubation pack— 
so it's always there when you need it? 


Disposable Slick Stylette 

is packaged in a sterile 

Tyvek Mylar peel-away Reg. U.S. 
package. Fits all sizes Pat. Off. 
and types of tubes e 7 

from 3.5mm pediatric, fa Evaluation sample 
to 10.5mm adult. : and literature 


on request. 


Medical Products Div. P.O.L.A. Plastics Co., Dept. B 
P.O. Box 2086, Van Nuys, Ca. 91408 (213)368-2002 
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à | 
| Non-conductive 


blood pressure cuffs . . . 
in color! 


Color-code your departments! Dupaco offers 
high quality non-conductive blood pressure 
cuffs in red, blue denim, paisley or plaid. 
Monogramming available up to 20 

stitched letters, with department or 
individual's name. 

Stain resistant, washable, with velcro 
attaching strips for Dupaco Diasyst.® Sizes 
listed below. For more information write: 
Dupaco Inc., P.O. Box 98, San Marcos, CA 





92069. 
Adult 534" x 22" 
Medium Adult 5" x 17%" 







Child 334" x 14%” 


254" x 11%" 










FOR THE ATTENTION OF 


PROGRAM DIRECTORS and STUDENTS IN MEDICAL, DENTAL, 
OSTEOPATHIC AND NURSE ANESTHESIA TRAINING PROGRAMS 


Please clip and mail this to: 


International Anesthesia Research Society ° 
3645 Warrensville Center Rd., Cleveland, Ohio 44122 


[ ] | am a Program Director in an accredited anesthesia or anesthesia related (physician assistant, 
inhalation therapy) training program and would like to have ————— Educational Membership 
applications for students enrolled in my program. 





[] ! am a student enrolled in an accredited anesthesia or anesthesia related training program. Please 
send me application for Educational Membership which includes a two-year subscription to ANES- 
THESIA and ANALGESIA . . . Current Researches for $25. 





(NAME - PLEASE PRINT) (INSTITUTION) 





(MAIL ADDRESS) (CITY. STATE AND ZIP) 
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When to use the word Phar’ mà.seal. 


For components, features, 
“performance” in single-use 
anesthesia trays, just say the 
word. 

The trays you've counted 
on from the start now offer you 
even more to go on. 

Back in 1963 we intro- 
duced the world’s first single-use, 
regional anesthesia trays. : 

Today, with a record of safe 
performance difficult to equal, we 
offer you an even wider selection 
of components and features — 
just as difficult to match — in 
spinal, caudal and epidural trays. 

АЙ with our all-new spinal 
needle. The needle that's been 
called the cleanest spinal needle 
yet. The one with a cannula with 
almost uncanny smoothness, a 
cartridge pack with an exceptional 


- point protector, a matched- 
-ground point, metal hub and more. 


Trays that offer you a new 
fenestrated drape with its own 
adhesive tabs. 

А large, moisture-resistant 
hospital wrap with a new "wrinkle 
for better procedure. 

Plus, a specially designed 
introducer needle, a clear 5-cc. 
Stylex? syringe, a unique aseptic 
transfer carton...and a variety of 
other first-quality components 
and drugs. 

But see for yourself what 
we're talking about. See the trays 
with performance you can count 
on. For samples, just call or write. 

You know the word to use. 
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GLENDALE, CALIFORNIA 91201 
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Ш:  (Meteraminal Bitartrate | MSD 


a vasopressor with positive inotropic effec 


Indications: Based on a review of this drug by the National 
Academy of Sciences-National Research Council and/or other 
information, FDA has classified the indications as follows: 

Effective: ARAMINE is indicated for prevention and treatment 
of the acute hypotensive state occurring with spinal 
anesthesia. Adjunctive treatment of hypotension ше to 
hemorrhage; reactions to medications; surgical complica- 


tions; and shock associated with brain damage due to trauma 
or tumor. 

"Probably" effective: It may also be useful as an adjunct in the 
treatment of hypotension due to cardiogenic shock or sep- 
ticemia. 

Final classification of the less-than-effective indications ré- 
quires further investigation. 


Contraindications: Use should be avoided with cyclopropane or 
halothane anesthesia, unless clinical circumstances demand such 
use. 

Precautions: Use with caution to avoid excessive blood pressure 
response. Rapidly induced hypertensive responses have been re- 
ported to cause acute pulmonary edema, arrhythmias, and cardiac 
arrest. Use with caution in digitalized patients, since the combina- 
tion of digitalis and sympathomimetic®amines is capable of causing 
ectopic arrhythmic activity. Treat cirrhotic patients cautiously; if 
diuresis ensues, restore electrolytes. Fatal ventricular arrhythmia 
has been reported in one patient with Laennec's cirrhosis. In several 
instances, ventricular extrasystoles that appeared during infusion 
have subsided promptly on reduction of infusion rate. Since 
metaraminol has prolonged duration of action, a cumulative effect is 
possible, leading to prolonged elevation of blood pressure even with 
discontinuation of therapy. Monoamine oxidase inhibitors have 

ebeen reported to potentiate action of sympathomimetic amines. 

When vasopressor amines are used for long periods, resulting 
vasoconstriction may prevent adequate expansion of circulating 





volume and may cause perpbtuation of the shock state. Plas 
volume may be reduced in all types of shock, and measuremeni 
central venous pressure is the most useful means of assessing t' 
adequacy of the circulating blood volume; blood or plasma volur, 
expanders should be employed for hypotension or shock due main. 
to decreased circulating volume. Because of its vasoconstrictc 
effect, metaraminol should be used with caution in heart or thyro 
disease, hypertension, or diabetes. Sympathomimetic mines m 
provoke relapse in patients with history of malaria. 

Adverse Reactions: Sinus or ventricular tachycardia, or other 
rhythmias, especially in patients with myocardial infarct 
Abscess formation, tissue necrosis, or sloughing may rarely foi 
use. In choosing the site of injection, it is important to avoid th 
areas recognized as not suitable for use of any pressor agent, ar 
discontinue infusion immediately if infiltration or thrombosis 
curs. The larger veins of the antecubital fossa or the thigh are : 
ferred to veins in the dorsum of the hand or ankle veins, particu: 
in patients with peripheral vascular disease, diabetes geli 
Buerger's disease, or conditions with coexistent hypercoagulabil 
Note: Response to vasopressors may be poor in patients with c 
istent shock and acidosis. Established methods of shock m 
ment, such as blood or fluid replacement when indicated. 
measures directed to the specific cause of the shoo 
should be used. On/y Sodium Chloride Injection or 
Dextrose Injection should be used as a diluent. 

How Supplied: Injection, in 1-ml ampuls and 10-ml vials, con 
ing per ml: metaraminol bitartrate equivalent to 10. 
metaraminol; inactive ingredients: sodium chloride, 4.4 mg 
for injection, q.s. ad 1.0 ml; and 0.15% methylparaben, 0.0 
pylparaben, and 0.2% sodium bisulfite added as 
preservatives. 

For more detailed information, consult your 
MSD representative or see full prescribing 
information. Merck Sharp & Dohme, Division 
of Merck & Co., Inc., West Point, Pa. 19486 












